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About the Conference

Design is ubiquitous; it pervades all spheres of life and has been around as long as
life has taken up the task of purposefully changing the world around it. Research
into design and the emergence of a research community in this area have been rela-
tively new. Its development has been influenced by the multiple facets of design
(human, artefact, process, organisation, the micro- and macro-economy and the
ecology by which design is shaped) and the associated diversification of the commu-
nity depending on the facets of focus or that of their applications. Design is complex,
balancing the needs of multiple stakeholders and requiring a multitude of areas of
knowledge to be utilised, with resources spread across space and time.

ICoRD’21 is the eighth in a series of conferences intended to be held every
two years in India to bring together the international community from diverse
areas of design practice, education and research. It aims to showcase cutting-edge
research about design to the stakeholders; aid the ongoing process of developing
and extending the collective vision through emerging research challenges and ques-
tions; and provide a platform for interaction, collaboration and development of the
community in order for it to take up the challenges to realise the vision. The confer-
ence is intended for all stakeholders of design and, in particular, for its practitioners,
researchers, pupils and educators.

The collection of papers in these two book volumes constitutes the Proceedings
of the Eighth International Conference on Research into Design (ICoRD’21) held
on virtual platform during 7 to 10 January 2021 at the IDC School of Design, IIT
Bombay, Powai, Mumbai.

ICoRD series was initiated by Centre for Product Design and Manufacturing
(CPDM) at Indian Institute of Science (IISc), Bengaluru, in 2006. Since then, it has
been hosted in 2009 and 2011 (both at IISc), 2013 (at IITMadras), 2015 (IISc), 2017
(IIT Guwahati) and 2019 (IISc). CPDM has pioneered design research in India for
the last two decades. IISc is one of India’s leading science and technology institutions
and is one of the Institutes of Eminence decreed by MHRD, Government of India.

ICoRD’21 has been organised jointly by IDC, IIT Bombay, and CPDM, IISc
Bengaluru. ICoRD’21 has been hosted on virtual platform by IDC School of Design,
Indian Institute of Technology Bombay, Mumbai, India. IDC School of Design has
overseen the inception of design in a free India for the past 50 years. IIT Bombay is
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one of India’s leading technological institutions and is decreed by the Government
of India as an Institute of National Importance. As a city, Mumbai serves as a home
to a variety of technological and service sectors.

The theme of ICoRD’21 has been ‘Design for Tomorrow’. The world as we know
it in our times is increasingly becoming connected. In this interconnected world,
design has to address new challenges of merging the cyber and the physical, the
smart and the mundane, and the technology and the human. As a result, there is an
increasing need for strategising and thinking about design for a better tomorrow. Our
theme for ICoRD’21 serves as a provocation for the design community to think about
rapid changes in the near future to usher in a better tomorrow.

The conference contained:

• Keynote presentations from eminent (inter)national experts and practitioners
• Presentations of refereed papers as podium presentations
• Panel discussions to present perspectives on topics of general interest
• A series of workshops on topics of special interest
• Networking sessions for young researchers.



Preface

Design is ubiquitous; it pervades all spheres of life and has been around ever since
life has been engaged in purposefully changing the world around it. While some
designs have transcended time, most designs are in a perpetual process of being
evolved. Research into design and the emergence of a research community in this
area have been relatively new. Its development has been influenced by the multiple
facets of design (human, artefact, process, organisation, ecology, micro- and macro-
economy by which design is shaped and which it shapes in turn) and the associated
diversification of the community depending on the facets of focus or that of their
applications. Design is complex, balancing the needs of multiple stakeholders and
requiring a multitude of areas of knowledge to be utilised, with resources spread
across space and time.

The collection of papers in these two book volumes constitutes the Proceedings
of the Eighth International Conference on Research into Design (ICoRD’21) held at
Indian Institute of Technology Bombay, India (this time on virtual platform), during
7–10 January 2021. ICoRD’21 is the eight in a series of biennial conferences held
in India to bring together the international community from diverse areas of design
practice, teaching and research. The goals are to share cutting-edge research about
design among its stakeholders; aid the ongoing process of developing a collective
vision through emerging research challenges and questions; and provide a platform
for interaction, collaboration and development of the community in order for it to
address the global and local challenges by forming and realising the collective vision.
The conference is intended for all stakeholders of design and, in particular, for its
practitioners, researchers, teachers and students.

Five hundred and fifty-four abstracts were submitted to ICoRD’21, from which
529 were accepted for full paper submission. A total of 295 full papers were
submitted, which were reviewed by experts from the ICoRD’21 International
ProgrammeCommittee comprising 238members fromover 149 institutions or organ-
isations from 27 countries spanning five continents. Finally, 234 full papers, authored
by 460 researchers (460 unique authors, actually 606 authors’ entries in 236 papers)
from 21 countries spanning five continents, were selected for presentation at the
conference and for publication as chapters in this book. ICoRD has steadily grown
over the last seven editions, from a humble beginning in 2006 with 30 papers and

xix



xx Preface

60 participants, through 75 papers and 100 participants in ICoRD’09, 100 papers
and 150 participants in ICoRD’11, 114 papers and 170 participants in ICoRD’13,
118 papers and 200 participants in ICoRD’15, 178 papers and 230 participants in
ICoRD’17 and 169 papers and 352 participants in ICoRD’19.

All papers were presented in ICoRD’21 in the podium mode. It had keynotes
from prominent researchers and practitioners from around the world such as Steve
Eppinger, MIT, USA; Punya Mishra, Arizona State University, USA; Armand
Hatchuel, Mines ParisTech, France; Tetsuo Tomiyama, International Professional
University, Tokyo, Japan; Paul Hekkert, TU Delft, The Netherlands; Tomas Ramos,
Nova University, Lisbon, Portugal; Dibakar Sen, Indian Institute of Science,
Bengaluru, India, etc.

The chapters in the three book volumes together cover all three major areas of
products and processes: functionality, form and human factors. The spectrum of
topics ranges from those focusing on early stages such as creativity and synthesis,
through those that are primarily considered in later stages of the product life cycle,
such as safety, reliability or manufacturability, to those that are relevant across the
whole product life cycle, such as collaboration, communication, designmanagement,
knowledge management, cost, environment and product life cycle management.
Issues of delivery of research into design, in terms of its two major arms: design
education and practice, are both highlighted in the chapters of the book volumes.
Foundational topics such as the nature of design theory and research methodology
are also major areas of focus. It is particularly encouraging to see in the chapters
the variety of areas of application of research into design—aerospace, health care,
automotive, biomedical and so on.

The theme of ICoRD’21 is ‘Design for Tomorrow’. The world as we know it in
our times is increasingly becoming connected. In this interconnected world, design
has to address new challenges of merging the cyber and the physical, the smart and
the mundane, and the technology and the human. As a result, there is an increasing
need for strategising and thinking about design for a better tomorrow. Our theme for
ICoRD’21 serves as a provocation for the design community to think about rapid
changes in the near future to usher in a better tomorrow. ICoRD’21 is organised
jointly by IDC, IIT Bombay, and CPDM, IISc Bengaluru. IDC School of Design has
overseen the inception of design in a free India for the past 50 years. IIT Bombay is
one of India’s leading technological institutions and is decreed by the Government
of India as an Institute of National Importance. As a city, Mumbai serves as a home
to a variety of technological and service sectors.

On behalf of the Steering Committee, Advisory Committee, Organising Commit-
tees and Co-Chairs, we thank all the authors, delegates, institutions and organisations
that participated in the conference. We also thank the members of the International
Programme Committee for their support in reviewing the papers for ICoRD’21,
which is essential for maintaining the quality of the conference, and for their support
in putting this book together.

We are thankful to the Design Society and Design Research Society for their kind
endorsement of ICoRD’21. We thank Indian Institute of Technology (IIT) Bombay
and its IDC School of Design, and Indian Institute of Science (IISc), Bengaluru,
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and its Centre for Product Design and Manufacturing (CPDM), for their support of
this event. We also wish to place on record and acknowledge the enormous support
provided by the Student Organising Committee in managing the review process, in
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Chapter 1
The Future of Home Service: Integration
of User Behavior and Scenario Planning
in the Domestic Plumbing Service Design

Sachin Shivaji Jadhav and Pratul Chandra Kalita

Abstract In the present era, with rapidly changing measures and uncertainty, it is
beneficial for researchers, organizations, as well as for the government to antici-
pate future events. The substantial economic boost in the on-demand service sector
leads to the development of home services in India. As increasingly products and
services sold over the Internet, it becomes all the more essential to build up knowl-
edge of design in planning and anticipating future events. This paper proposes user
behavior analysis andplausible futuristic scenarioswith the practical case of domestic
plumbing services. The research aims to identify the interrelationships and signifi-
cance of service aspects in domestic plumbing. The study also aims to understand the
future in this context through scenario development. We conducted in-depth inter-
views, including exploratory surveys. Structured questionnaires were developed to
study various aspects of stakeholders of the system viz. plumbing service provider,
plumber, and users. Further, insights from the survey result were incorporated into
scenario planning. Scenario planning was used to discover new strategic options for
the future and to gain a deeper level of foresight. This study provides an integrative
approach of user behavior study and scenario planning for service designwith special
emphasis on domestic plumbing. It acts as a road map for service design in general,
primarily to similar service sectors viz. electrical maintenance, domestic appliances
maintenance, and carpentry. The study will benefit students and practitioners in the
field of service design. It would finally contribute to design for development.

1.1 Introduction

Service design, as a design practice and research area, has developed into a design-
led approach to service innovation [1]. Service innovation is more about improved
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customer experience, processes, and actions [2, 3]. Also, it involves human actors,
physical resources/technologies, and processes [4, 5]. Within design communities,
service design conceptualized as design-centered contributions to service innova-
tion based on a human-centered perspective and creative methods [6, 7]. Also,
service design was influenced by emotional design, design thinking, and contex-
tual design. Researchers [6] argues that design impacts on product innovation are
generally related to the attributes of physical objects, while design impacts on service
innovation require different dimensions. Service design has also been examined as
a set of collaborative and cross-disciplinary activities for service innovation [8].

Technological advancements and a competitive business environment have
increased the growth of on-demand services [9]. A robust economic boost in the
on-demand service sector and growth of startups have a smooth theway for the devel-
opment of home services in India. Significant sectors of home services include instal-
lation and repair, cleaning, health and wellness, shifting of furniture, events organi-
zation, and business services. In the present era, with rapidly changing measures and
uncertainty, it is beneficial for researchers, organizations, as well as for the govern-
ment to anticipate future events. The amount of trade conducted electronically has
grown extraordinarily since the spread of the Internet [10, 11]. More recently, fore-
cast by the Indian Brand Equity Foundation [12] mentioned that Internet users in
India are expected to increase from 445.96 million in 2017 to 829 million by 2021.
There is a lack of studies on user behavior and scenarios in the context of home
services. Therefore, it could be a valuable addition to the design field and business
organizers for developing and anticipating plausible scenarios in the home service
sector.

1.1.1 Purpose of the Article

As increasingly products and services sold over the Internet, it becomes all the more
essential to build up knowledge of design in planning and anticipating future events.
The research aims to identify the interrelationships and significance of service aspects
in domestic plumbing. The study also aims to understand the future in this context
through scenario development.

1.2 Methodology: Integrating User Behavior and Scenario
Planning

In the literature, researchers presented well build-upon and established research
methods on user behavior and scenario planning. This research paper integrates
existing research methods to conduct user behavior analysis and develop plausible
futuristic scenarios with an emphasis on design innovation in domestic plumbing
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services. We conducted in-depth interviews, including exploratory surveys. The
purpose of the surveywas to study the plumbing tools and service aspects in domestic
plumbing. Structured questionnaires were developed to study various aspects of
stakeholders of the system viz. plumbing service provider, plumber, and users.
During the survey, we critically observed the possible requirement and relation-
ships of plumbing tools, service providers, and users. Further, insights from the
survey result were incorporated into scenario planning. Scenario planning started
with identifying key focal issues derived from user behavior study. From the
secondary data, the driving forces of change and trends were identified. Further,
analysis of each trend was carried out to understand the impact and uncertainty in
domestic plumbing. These trends were mapped on impact vs. uncertainty with the
scale low to high. Finally, two scenarios were generated considering the current
processes of services, communication between stakeholders, technological aspects,
and demographic locations.

1.3 Theoretical Background—Foundational Concepts
in User Behavior and Scenario Planning

1.3.1 User Behavior

Customer behavior data is required to enhance the design activities, such as target
customer identification, idea generation, and information content generation [13].
Today, the trend of increased mobile networking allows marketers to understand
and interact with customer behavior [14]. Moreover, this trend changed the role of
customers from isolated to connected, from unaware to informed, and from passive
to active [15]. Customer behavior includes several factors viz. gender, age, occupa-
tion, living environment, and cultural background [16]. These factors determine the
uncertainty of customer behavior. Therefore, it is beneficial to understand customer
behavior to deliver and fulfill needs. Studies on customer behavior use quantitative
and qualitative methods such as surveys, in-depth interviews, and focus groups.

1.3.2 Scenario Planning

With rapidly changing measures and uncertainty, it is beneficial for decision-makers
and designers to be able to adapt and anticipate future events. The scenario approach
is one of the tools that support such decision making. Scenario planning viewed as an
alternative to forecasting [17, 18], where scenario planning focuses on unexpected
but plausible outcomes that represent a break from the past. However, forecasting
emphasis on continuing trends, most likely pathways to estimate uncertainties, as in
the recent past. The journals ‘Futures’ and ‘Long Range Planning’ publish a wide
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range of academic and practitioner articles on the application of scenario planning
toward the problem-solving area of management research [19]. The roots of scenario
planning are inmilitary strategy studies [20]. In the 1960s,HermanKahnwas an early
founder of scenarios, and he promoted the idea of ‘thinking the unthinkable’ and used
scenarios as a tool for business predictions. The scenarios are beneficial for strategy
development, innovation, risk management, visioning, executive learning, and used
in both new business and old business [21]. Scenarios usually serve one of two
functions: one is risk management, where scenarios enable strategies and decisions
to be tested against possible futures, while the other is creativity and sparking new
ideas [22].

1.3.3 Integrating User Behavior and Scenario Planning
Approaches

From literature, studies have shown that utilizing user behavior data could improve
the design activities for service organizations [23, 24]. User behavior supports identi-
fying demographic data. Also, enhance the customers’ experience, contexts, require-
ments, and customization [16, 23]. By understanding and analyzing these data,
service organizations can transform insightful information for strategic market plan-
ning [25]. Ordenes et al. [23] indicated that customer feedback could be utilized to
gain information on customers’ experience. Lim et al. [24] used customer data to
generate information contents and design service concepts.

Scenario planning is a strategic planning method to anticipate uncertainties in
business environments [17, 21]. The objective of scenario planning is to create plau-
sible future events. Lena Bo et al. [26] indicated that the scenario development
process consists of generating ideas and gathering data, integrating, and checking
the scenario’s consistency. The standard approach to scenario planning is Intuitive
logics, and the development process includes eight stages [17]. These eight stages are
viz. setting the agenda, determining the driving forces, clustering the driving forces,
defining the cluster outcomes, impact/uncertainty matrix, framing the scenarios,
scoping the scenarios, and developing the scenarios. There are different approaches
to create scenarios [19, 22. However, they all have a common starting point, i.e., iden-
tifying the key focal issue, processes, time scale, and driving forces of change and
trends. User behavior can provide essential information on customers’ experience,
requirements, contexts, and demographic data to define focal issues and processes
in this context.
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1.4 Results and Discussions

1.4.1 User Behavior on Domestic Plumbing Services

Structured questionnaires were administered to a sample size of 160 respondents.
The data for this study was collected through the survey, which was a paper-based
questionnaire. The rationale for using a survey is primarily because these data did
not currently exist. Also, a better source for insights into plumbing service aspects
is from respondents themselves. Plumbing service aspects were categorized into the
groups viz. corrective maintenance, preventive maintenance, the time required to
fix plumbing issues, servicemen responsiveness, and mode of contact. Figure 1.1
illustrates the demographic data of domestic plumbing services.

The chi-square independence test is a procedure for testing if two categorical
variables are related in some populations. Thus, chi-square tests were conducted for a
significance level of 0.05 to observe the variance between the frequency of corrective
maintenance, preventive maintenance, the time required to fix plumbing issues, the
responsiveness of servicemen, and the mode of contact made with variables viz.
residential typology, locality, occupation, age group, and gender. Table 1.1 shows
the sig. of the Pearson chi-square test. The study shows that there is a significant
difference in the frequency of preventive maintenance with residential typology (sig.
= 0.001); servicemen responsiveness with residential typology (sig = 0.019); time
required to fix plumbing issues with occupation (sig. = 0.044) and age group (sig.
= 0.003).

Cross-tabulation for the frequency of preventive maintenance and residential
typology indicates that 47.3% of respondents with the detached house have never

Fig. 1.1 Demographic data of domestic plumbing services
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Table 1.1 Significance of Pearson chi-square test

Variables Residential typology Locality Occupation Age group Gender

Corrective
maintenance

0.461 0.245 0.589 0.634 0.681

Preventive
maintenance

0.001 0.297 0.924 0.073 0.358

Time required to fix
plumbing issues

0.514 0.086 0.044 0.003 0.190

Servicemen
responsiveness

0.019 0.101 0.637 0.741 0.395

Mode of contact 0.120 0.079 0.659 0.642 0.514

called for preventive maintenance. Also in attached house (26.4%), apartment blocks
(20.0%), and residential buildings (6.4%), we see a decline in percentage. 36.0% of
respondents with apartment blocks have called 1 or 2 times for preventive mainte-
nance in a year. 32.0%of respondentswith residential buildings have calledmore than
three times for preventive maintenance in a year. Cross-tabulation for the frequency
of servicemen responding to customer plumbing issues and residential typology
shows that 37.5% of respondents with the attached house disagree with servicemen
responding to customer plumbing issues, also similar responses found in the detached
house (21.9%), apartment blocks (28.1%), and residential buildings (12.5%). Cross-
tabulation for the frequency of time required to fix plumbing issue and occupation
results that 48.1%of respondentswith business occupation have said the time taken to
fixplumbing issues takes 4–8 h. 38.8%of respondentswith self-employed occupation
have said the time taken to fix plumbing issues takesmore than 24 h. Cross-tabulation
for the frequency of time required to fix plumbing issue and age group results that
59.2% of respondents with 35–44 age group have said the time taken to fix plumbing
issues takes more than 24 h. 54.5% of respondents with 45–54 age group have said
that the time taken to fix plumbing issues takes 4–8 h.

One-way-ANOVA test was conducted for a significance level of 0.05 to observe
the variance of service frequency of dripping faucets issue, water pressure issue,
running toilet issue, slow/ clogged drain and leaky pipe issue with corrective mainte-
nance, preventive maintenance, the time required to fix plumbing issues, servicemen
responsiveness, mode of contact, residential typology, locality, occupation, age
group, and gender. The ratings of the service frequency are measured in a 7-point
semantic differential scale where 1 = never and 7 = very frequently. Statistical
analyses helped us to identify and describe complex relationships between the vari-
ables of domestic plumbing services. Table 1.2 shows the ANOVA means, standard
deviation, and significance of descriptive statistics. The analysis of variance showed
that

• The effect of occupation on dripping faucet issue was significant, F (3,156) =
4.375, p = 0.005.
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Table 1.2 Descriptive statistics of one-way ANOVA

Dependent variable Independent variable Mean SD Sig

Dripping faucet issue Occupation 4.14 1.635 0.005

Dripping faucet issue Residential typology 4.14 1.635 0.039

Running toilets issue Locality 3.26 1.771 0.036

Leaked pipes issue Residential typology 2.83 1.855 0.004

• The effect of resident typology on dripping faucet issue was significant, F (3,156)
= 2.859, p = 0.039.

• The effect of locality on running toilet issue was significant, F (2,157) = 3.402,
p = 0.036.

• The effect of resident typology on leaky pipes issue was significant, F (3,156) =
4.160, p = 0.004.

Further, multiple comparisons of post-hoc tests were conducted to observe the
significant differences within the groups of respondents. The Tukey HSD test reflects
that

• There is a statistically significant difference in dripping faucet issues between
the groups of occupation, i.e., the housewife and the retired (p = 0.003), the
self-employed, and the retired (p = 0.013), and the business and the retired (p =
0.013).

• There is a statistically significant difference in dripping faucet issues between the
groups of residential typology, i.e., the detached house and the apartment blocks
(p= 0.021). However, there were no differences between the residential buildings
and the detached house (p = 0.709), residential buildings and the attached house
(p = 0.998), and residential buildings and the apartment blocks (p = 0.645)

• There is a statistically significant difference in running toilet issues between the
groups of locality, i.e., the very old and the new (p= 0.028). However, there were
no differences between old and very old (p = 0.657), as well as old and the new
(p = 0.452).

• There is a statistically significant difference in leaky pipe issues between the
groups of residential typology, i.e., the residential buildings and the detached
house (p = 0.002), residential buildings, and the attached house (p = 0.014).
However, there were no differences between the apartment blocks and the
detached house (p= 0.646), apartment blocks and the attached house (p= 0.922),
and apartment blocks and the residential buildings (p = 0.058)
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1.4.2 Scenario Planning on Domestic Plumbing Services

The scenario planning started with a key focal issue of services toward domestic
plumbing. Likely, issues of services such as preventivemaintenance, correctivemain-
tenance, plumber’s responsiveness to the customer, and strategic management to the
service provider. Plausible scenarios were created for a time frame of 5–10 years.
Scenario planning accounts for the effect of multiple drivers of change, trends, and
delivers significant possibilities, risks, and opportunities. In this study, we identified
the driving forces of change and trends for domestic plumbing from four perspectives
viz. political, economic, social, and technological. The political drivers of change are
Skill India, Digital India, Pradhan Mantri Kaushal Vikas Yojana, and National Skill
Development Corporation. The economic drivers of change are gig economy, family
income, demand, and supply. The social drivers of change are buying habits, lifestyle,
education, and online platforms. The technological drivers of change are video in
real-time, mixed reality, and drone delivery. The aforementioned driving forces of
change and trends were collected from government reports, research articles, and
market surveys. The impact vs. uncertainty matrix was conducted for each identified
driving force of change. Figure 1.2. depicts the impact vs. uncertainty mapping for
the plumbing service system. A brief discussion on driving forces of change and
trends are as follows.

Political. The government plays a role as a regulator and influence the adoption
process of business plans for organizations. Also, promote initiatives and schemes
to suit the needs of the industry and enable a decent quality of life to its population.
For instance, the government had approved the skill certification scheme, Pradhan
Mantri Kaushal Vikas Yojana. The objective of skill certification scheme was to earn
a livelihood, and employable for Indian youth based on skill training. Also, the report

Fig. 1.2 Impact versus Uncertainty mapping of domestic plumbing services
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indicates that there is an incremental human resource requirement of 103.4 million
during 2017–2022.

Economic. Standard skills and knowledge are the driving forces of economic
growth for any country. To drive sustainable economic growth and generate vast
scale employment opportunities, the government initiated ‘Startup India’ to nurture
innovations and startups. Also, the gig economy in the country attracts the ability to
work from anywhere at flexible hours.

Social. Nowadays, social media are emerging and new ways of marketing and
increasing online business. The impact of customer reviews and feedback directly
affects the way of doing online business. Consumers have a much wider choice
of products/services available in the cyber market. Consumers can compare prod-
ucts, features, prices, and even look up reviews before they select what they want.
Consumers enjoy more extensive access to assistance and advice from experts and
peers. Consumers also avail of fast services and delivery of products/services.

Technological. Technologymay transform jobs of the future and leanmore toward
tech-enabled. Digital services—from E-learning to online payments, E-health to
broadcasting preventive measures, news, online video streaming are all seeing a
boom. There could be a rise in technological advancement and consumers’ adoption
of technologies as they embrace technology while working from home. The aid of
drones was beneficial during the Covid-19 crisis—for example, medical deliveries,
spraying disinfectants, surveillance, and monitoring public places.

Two scenarios were created for the plumbing service system as follows,
Scenario 1: With Indian cities witnessing significant growth, plumbing services

providing online will expand sufficiently to tier II and tier III cities. Figure 1.3
illustrates the existing online plumbing services in urban areas and why to choose
on-demand home services. In this scenario, the extent to which online ordering for

Fig. 1.3 Scenario of plumbing service system
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plumber service is limited to urban cities. The number of plumber service requests
could be high, but most consumers request plumber service through a phone call,
neighbors’ recommendation, and walk-in. The Indian plumbing association initiated
the process of professionalization. However, plumbing apprentices work as helpers
in urban cities with a practicing plumber [27]. These apprentices learn the plumbing
skills as they worked on practical jobs. As such, plumbers concentrated more on
practical approach and lack of training, plumbing codes, and certification programs.
Therefore, the service provided by the plumbers were subjective and challenging
to regulate. The strategic implications for service providers and consumers in this
scenario are challenging, particularly in terms of identifying certified plumbers. The
strategic actions for on-demand home services need to ensure.

• Encourage the apprentices to take up certification programs to improve labor
status and income through professionalization.

• Uniform guidelines on health and safety measures. Policies on monetary benefits
and job security for plumbers.

• Refocus on business models and areas of potential growth in the future.
• The advantage of delivering first of its kind in services to attract more customers.
• Invest in research and development for new products and services.
• The designer focused online and Web site platforms for better user navigation,

user interactions, secure payment methods, and transparency in pricing details.

Scenario 2: Potential customers are likely to solve minor plumbing issues with the
aid of specific instruction through online streaming. Figure 1.4 depicts the scenario
of the plumbing service system. In this scenario, the stakeholders involved are viz.
customers, service providers, delivery agents, and plumber. Customers can access
the website for resolving minor plumbing issues with proper instruction and specific

Fig. 1.4 Scenario of plumbing service system
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images to particular plumbing issues. This design solves the problem of long waiting
times for the arrival of plumbers. From the survey data, minor plumbing issues
include dripping faucets/taps, low water pressure, clogged drain/toilets, and leaked
pipes. Also, customers can compare and purchase the tools/spare parts for a partic-
ular plumbing issue through the information obtained from theWeb site. This design
solves the problem of transparency in the cost of tools/spare parts. Further, customers
can make direct contact with the plumbers through the internet for major issues of
on-demand services. This design solves the search and availability of plumbers in
the market. Also, the support process such as easy access to the Web site, inven-
tory of products, and availability of plumbers must be added to the solution, so
that the quality of the whole operational process, including onstage and backstage
process, can be enhanced. Service providers could have opportunities to attract new
customer segmentswith specific content that delivers value. The strategic implication
for business organizers in this scenario would.

• To consider factors such as mobility, privacy risk, and assessment of the service
provider, which may affect the adoption of home services.

• Managing trade-offs and balances between customers and plumbers in need of
urgency.

• Design management strategies in service quality, easy access, availability, and
customization in service processes.

• Todevelop a newbusinessmodelwith an emphasis on design thinking approaches.

1.5 Conclusion

This study proposes an integrative approach of user behavior and scenario plan-
ning for service design with special emphasis on domestic plumbing. The study
revealed aspects of customer service requirements and related components viz.
corrective maintenance, preventive maintenance, operation time, service frequency,
replacement of spare parts, consumables, and fittings.

For the case study, user behavior analyses reveal complex relationships between
the variables of domestic plumbing services. In particular, chi-square test results
show a significant difference of frequency of preventivemaintenance with residential
typology (sig. = 0.001); servicemen responsiveness with residential typology (sig
= 0.019); time required to fix plumbing issues with occupation (sig. = 0.044) and
age group (sig.= 0.003). Also, from the One-way ANOVA test, it has been observed
that the frequency of dripping faucets issues significantly varies with occupation (sig
= 0.005) and residential typology (sig = 0.039); Running toilet issue significantly
vary with locality (sig= 0.036), and leaky pipes issue with residential typology (sig
= 0.004). Scenario planning accounts for the effect of multiple drivers of change,
trends, and delivers significant possibilities, risks, and opportunities. In this study, we
identified the driving forces of change and trends for domestic plumbing from four
perspectives viz. political, economic, social, and technological. The political drivers
of change are Skill India, Digital India, Pradhan Mantri Kaushal Vikas Yojana, and
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National Skill Development Corporation. The economic drivers of change are gig
economy, family income, demand, and supply. The social drivers of change are
buying habits, lifestyle, education, and online platforms. The technological drivers
of change are video in real-time, mixed reality, and drone delivery.

The research contributes to the early stages of development for service design.
It acts as a road map for service design in general, primarily to similar service
sectors viz. electrical maintenance, domestic appliances maintenance, carpentry, etc.
The study will benefit students and practitioners in the field of service design. It
would finally contribute a design for the development of domestic plumbing services.
Among other practical home service cases, this study has limited consideration of
only a domestic plumbing service. Future research could be conducted with the
practical instances of electrician, carpentry, repair, and installations of home service.
Also, research may be undertaken in developing and measuring the readiness of
domestic plumbing.
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Chapter 2
India Post Services—A Speculative
Service Design for Behaviour Change

Shivani Ganwani, Radhika Verma, Ravi Mahamuni, and Varnika Naik

Abstract Service design has proved its potential in creating effective and innova-
tive solutions, desirable by users as well as service provider organizations. Service
design, which follows holistic and human-centred approach, exhibits an enormous
scope to address complex, large-scale problems like designing citizen services that
are experiential, efficient and effective. Citizen services involve complexity due to
the diverse user base and their varying needs; rapid technological advancements
and increasing demands of users. The involvement of multiple stakeholders, socio-
political and environmental changes across the globe makes it more complicated. In
order to explore the effectiveness of the service design approach, methods and tools
for citizen services, we undertook a speculative case study of Indian Postal Services.
The studywas broadly divided into research, analysis, ideation and conceptualization
stages. A mix of quantitative and qualitative methods was used for user research,
and derived insights were taken forward through ideation workshops using tools
provided by CraftChange—service design for behaviour change framework. Ideas
were clustered to create a service ecosystem comprising of peripheral as well as
core services for India Post. This study emphasizes on adopting differentiating prac-
tices, tools and methods while designing citizen services, to achieve greater adoption
and sustained usage of the services. Service design for behaviour change approach
towards citizen services seems to be promising to have more holistic, valuable and
sustainable services for the users, service providers, associated organizations and the
society and environment.
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2.1 Introduction

India, the world’s second-largest populated country, has remarkable diversity across
geography, religion, climate, language, culture and economy. India is the origin
of four of the major religions in the world with 121 languages, Hindi being the
most widely used [1, 2]. India is also a blend of several different cultures. Different
social strata exist in India based on lower, middle and higher economic classes [3].
Apart from such diversity, infrastructural support, and access to various products
and services also vary across regions within the country. Due to such variations and
diversity, the Indian consumer market is considered as complex.

With such a large, diverse population in India and the ever-growing technological
era, there is a massive pile of expectations from postal services to satisfy growing
citizen needs. The Department of Posts (DoP), trading as India Post, established in
1854, is one of the oldest citizen services. It is the world’s most widespread postal
network, having over 1.55 lakh post offices [4]. Mail service is the core of India Post
services apart from several additional services like banking and insurance, retail
services like bill collection and distributing railway tickets. Post offices are also
utilized as Passport Seva Kendra, called as Post Office Passport Seva Kendra. It has
established a strong network of services in every corner of the nation, significantly
in the rural sectors along with an international presence also.

Complexities within citizen services—World view. Across the world, govern-
ment postal service business has been declining because of technology and market
savvy private competitors, and electronic diversion along with other interlinked
factors like demographic changes, pricing, evolving security and privacy concerns
[5, 6]. Hence, the need for reforming or restructuring the postal services is recog-
nized across the world. Postal services in many countries are additionally providing
financial, banking, insurance services to their citizens, providing online services,
exploring innovative ways to generate revenues [7].

In general, for all citizen services, governments around the globe have been
looking for new ways to tackle the new scale of problems indicating the need
for change [8]. Commonly, governments providing citizen services often encounter
internal issues such as Disconnects between analysis of problems and creation of
solutions; Poor understanding of citizen needs; Government departments working in
silos; Designing for the average, leading to missing out on the extremes; and Incre-
mental solutions by patching up seemingly speedy solutions to meet urgent needs
[9]. It is also essential to train and educate the staff as well as citizens to deliver
and use the services effectively. Moreover, it has become challenging for the govern-
ments to fulfil the diversifying and ever-increasing needs of the citizens, while also
controlling the budget deficits. Today’s citizens are experiencing dissatisfaction with
government services due to reasons such as slow speed, complex processes and the
effort required to navigate through processes [10].

To summarize, rising and diversified expectations of citizens; rapid technological
advancements and various constraints faced by the government lead to complexity
in designing large-scale citizen services. Changes are required across government
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policies and processes, infrastructure, staff providing the service to the citizens and
the citizens who are users of the services, to develop successful citizen services
working effectively for citizens as well as the government. Therefore, there is a
profound need to borrow more modern and innovative approaches.

Adopting a service design approach. Design thinking and related approaches
have been found effective in the private sector. They are also capable of meeting the
immediate needs of the citizens (as ‘users’ of the government services) as well as to
help governments achieve their broader aims (better quality of life for its citizens)
while taking care of the constraints. ‘…design thinking does sit within the broader
gamut of citizen-centred approaches, it is more about empowering passive citizens
and understanding their experiences of government policy and services’ [11]. Many
governments across the globe have established Innovations Labs that adopt design
approaches at the core, the UK being a pioneer in this [12].

A relatively newfield, service design, has been adopted in various domains such as
banks, retail, transport and even public sector services like education and healthcare
[13]. Service design, due to its characteristics [14] such as human-centred, iterative,
co-creative and holistic, seems to be the natural fit towards designing effective citizen
services. Considering the whole lifecycle and the entire ecosystem, not focusing on
single-point interactions, service design transforms the whole service and brings
out changes in policies, processes, infrastructures and interactions. In the broader
context, it has the potential to effectuate changes in human behaviours, society and
the environment.

With a broader aim of exploring service design approach and its methods for
designing citizen services in mind, we undertook a representative case study of India
Post considering the diversity and variations found in India, the complexity of the
service and larger scale. While there are a plethora of challenges in designing citizen
services, we believe that this study acts as a promising step towards the evaluation
of service design approach, processes and methods in this context.

2.2 Understanding the Current Context

Governments that are managing multiple public services have realized the impor-
tance of adapting themselves with the changing time. Specific trends have been
observed, such as integration of artificial intelligence and related technologies that
can specifically cater to a vast volume of data, among government services. Devel-
oping economies like India have identified to use AI for healthcare, education, smart
city initiative as a few core areas in their national strategy [15]. Developing a unique
digital identity of the citizens, to provide better citizen services, is another priority
for the government. Enrolment of 1.2 billion citizens in Aadhaar Card in India is an
example of this model.

Additionally, nudging citizens by using fundamental principles of behavioural
science has enabled governments to make informed decisions in policymaking and
process changes [15]. There is also a massive shift towards inculcating a sense of
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smartness within cities, by creating smart ecosystems, data and connectivity, smart
communities, transportation and more. With the emergence of digitization and smart
cities, a key initiative that governments are emphasising on is citizen experience.

With excessive effort being assigned to these initiatives in silos, collectively these
initiatives can build a service ecosystem that can be leveraged by government-driven
public services to enhance their current scope and extend their services to cater to a
broader audience. Indian Postal Service is one such government service that has an
enormous scope of leveraging existing government initiatives. We conducted a study
to identify the key issues and opportunities for India Post and see how they could be
translated into developing new services.

2.2.1 Secondary Research Findings

The study commenced with gathering literature findings around India Post and asso-
ciated service ecosystem. During the study, it was found that digital transformations
are happening in the world and the entry of various private players in the market are
creating challenges for India Post. The need for creating new services to be offered
by Post for its survival in the competitive market while also embarking upon its
extreme outreach in every corner of India was evident. While India post has advan-
tages like ubiquitous network and the experience in distributing enormous numbers
of products and services, it also enjoys the trust and proximity that it has devel-
oped over the years. However, the overall decline in the traditional postal market has
always been a threat to India Post. Issues like customer orientation and connectivity,
technological reforms have been significant reasons hindering the growth of India
Post. In order to identify the strength, weakness, opportunities and threats for India
Post, secondary research was conducted [4]. Social media analysis was also done to
understand the most prevalent problems that customers are facing by analysing data
through Complaint Board Forum and Twitter feed analysis. About 1300 posts were
collected for review. The key findings of the secondary research are structured in the
form of a SWOT analysis, shown in Table 2.1. Based on the literature review, the
initial design brief for the study was to re-imagine Indian Post Services and what
role it can play in urban cities.

2.2.2 Primary Research Findings

Purpose of the study. As India Post has a stronghold within the rural areas of the
country, it became necessary to understand how it has been able to retain its identity
within a rapidly shifting urban landscape. The purpose of the studywas to understand
multiple viewpoints of different citizens and their perceptions about India Post. Also,
to know how citizens foresee India Post to transform in upcoming years, probably
integrating with existing government initiatives like Smart City Mission, in India.
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Table 2.1 SWOT analysis—India Post

Strengths Weakness

• Provides communication, banking and
insurance services and products

• Enjoys extraordinary goodwill among
citizens

• 85% of the offices are in rural India, with
local staff, giving employment opportunity
to residents

• Has a strong network for national and
international services

• Cost-Effective
• Post office situated in prime situations and
some also have historical significance

• Government is the backbone
• Reach is very high—Last-Mile Delivery
• Willingness to restore the human touch
during digital transformation

• Unaltered working culture
• No effective feedback mechanism
• No job rotations & Job stress
• Very limited direct recruitments in the past
five years

• The current workforce is ageing and has
limited IT skills

• The infrastructure is inadequate in newly
developed urban pockets and rural areas [4]

• Customers are unable to get full benefits of
IT induction such as track and trace, due to
limited use of technology [4]

• Customers have a perception of poor service
[4]

• Mode of transport has not evolved
• Manual handling and sorting

Opportunities Weakness

• The increasing number of customers
• Inflationary market
• Technological Advancement
• Leverage the last-mile delivery network
• There is untapped potential in terms of
money transfer for the migrant population
and other small businesses

• E-commerce
• Mobile penetration is an opportunity
• E-governance

• Increasing the market share of competitors
• An (internal) threat—India Post and its
employees may be unwilling or unable to
meet the challenges it faces and to seize the
opportunities presented to them

• Customer Dissatisfaction
• Digitization—Shift from postcard to mails
• Change in citizen needs
• Payment banks, digital currency
and online money transfer via Paytm,
PayPal, UPI

• Private Insurance Companies

Moreover, the study was directed to find the scope of new services that India Post
can envision to achieve, leveraging their existing strengths in the marketplace. As the
research was directed towards understanding how the citizens perceive India Post, it
did not involve any members from the India Post organization. This was taken up as
an independent study.

Methodology. The approach followed, in this case, was a cohesive blend of
research through design methodology along with the service design process. After
gathering the literature findings, the next stepwas, conducting a primary user research
study through mixed-research methods. Derived insights were used during brain-
storming and ideation session. An initial user journey and personas were created
based on the derived insights and initial ideas from brainstorming sessions. Then
complete ideation and conceptualization were done for a few newly identified
services to be proposed as new service offerings by India Post.

A key aspect of the service design process for this case study was the adop-
tion of CraftChange—Service Design for Behaviour Change framework [16, 17].
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The CraftChange Framework is a guided set of tools and techniques that allows
service designers to imagine new service models holistically by considering all the
stakeholders that are affected by the service ecosystem. The key components of
CraftChange that were used during the study are—Current Intervention Cards to
understand the current context, ignite cards that were based on behavioural principles
to ignite various ideas, Empathy Square that guides to address all the primary stake-
holders’ needs through the solution, considering society and environment concerns
while ensuring completeness of the designed solution.

A multi-disciplinary team of designers, engineers, researchers and psychologist
collaborated to perform this study. The members of the team, being Indian citizens,
were also users of the India Post service. The team members belonged to different
regions of India (North, North-East, West). They represented respective cultures of
India, and hence, the multicultural aspect of the team was leveraged to get diverse
insights. Primary research was conducted by a mix of quantitative and qualitative
methods based on focus areas defined, explained further. The participant recruitment
for the study was a mix of various age groups, gender and locations to get diverse
views leading to further data triangulation.

Additionally, the Current Intervention cards of CraftChange frameworkwere used
to ensure the coverage of the questions and focus areas covered in the protocols used
while conducting the study. The following are the methods as described in Table 2.2.

The design team was divided into two for analysis of the collected data. Affinity
diagram and data clustering methods were used to analyse the data, and the findings
were converted into insights through a series of team discussions. SWOT analysis
data was also updated with the primary user research findings, that led to extracting
key areas that must be explored for ideation of new service concepts. The knowledge
gained fromuser researchwas externalized to reflect analysis insights throughvarious
in-process artefacts such as personas, a detailed SWOT and ecosystem maps and
perception map as shown in Fig. 2.1.

Findings from the primary research. From the survey, it was found that although
people are aware of postal and banking services of India Post, there is very little or no
knowledge about other services such as retail—railway tickets, RD, PPF accounts.
Majority participants preferred other private courier services over India Post, because
of their speed of delivery, proximity to their location and tracking services. The
overall satisfaction about India Post is not great, based on factors like interaction
with the staff, office infrastructure and time is taken for processing. Most of the
survey participants believed that the overall transformation of India Post could be a
significant contributor towards the smart city mission of India.

The interviews findings indicated certain conventional notions that a diverse set of
citizens held about India Post. There were some variations too in the responses from
small town versus city participants and different age groups. India Post delivery
services ensure guaranteed delivery; their services are affordable; and the factor
of trust in the postman was more evident among the middle-to-old-aged popula-
tion originally from smaller cities. Urban citizen participants raised certain doubts
about the reliability of postman. They fear to send valuable articles and belongings
through India Post. Factors, like unawareness of the services, paperwork hassle, lack
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Fig. 2.1 User study findings—Perceived notions about India Post

of personal assistance while facing issues, are the commonly reported concerns.
Participants reported the non-modern infrastructure of post offices. The participants
also perceived that the Post staff lacks a customer-centric attitude and tech-savviness.
During naturalistic observation also, users reported the staff to be irresponsible, disin-
terested, untrained, not taking charge and not giving out the required information.
Users also reported infrastructural issues such as outdated technology, limited seating
space, unorganized information boards and restricted office timings.

Through focus group discussion, it was found that citizens foresee that cities must
be prepared to adopt measures to increase collective belongingness within communi-
ties and improve existing government services through digital initiatives. The discus-
sion highlighted the aspect of mass migration among working professionals, who
seek better job opportunities and require a set of facilities for a smooth transfer from
one city to another. The participants felt that India Post in all aspects is beginning
to fade and that it lags far behind the private players in the market. Ideas for new or
improved services of India Post revolved around India Post acting as an information
centre, integrating all citizen services, enhancing postal services through pick and
drop services and much more.

Collectively, a profound dissatisfaction, among India Post users across multiple
service touchpoints, was revealed. This reflects that, though India Post has only
been improvising to address certain aspects of their service, like introducing more
services and bringing new technology in place to attract the users, unfortunately, these
individual problems are not looked from a service systems perspective. There is a lack
of holistically addressing the shortcomings. To conclude, the scale at which India
Post operates is massive as compared to any other private organization in this sector.
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Which is why it becomes difficult for the government to keep up with this aspect of
scalability and catering to the concerns or issues faced by such a diverse population
becomes challenging. India Post also has multiple stakeholders involved that work
together within the service ecosystem. Introduction of new interventions involves
analysing the challenges within scalability to make the service more acceptable and
sustainable in the long run.

2.3 Exploiting opportunities and Re-imagining Service
Offerings

Further to understand the India Post context, its services, user expectations and expe-
riences; the speculative design study proceeded with ideation and conceptualization
stage. Ideation intended to leverage the strength and opportunities for India Post and
design new services to be offered by India Post for its users, stay relevant and useful
for a more extended time. The exact parameters for identifying new services were
that new service(s) should (1) act as an alternate revenue source for India Post; (2)
align with the identified expectations and needs of users through primary research (3)
align with the vision, mission, goals of India Post and new government initiatives (4)
exploit its impressive outreach in rural and urban areas of the country; (5) build upon
its existing core mail service by redesigning it to fit in today’s digital and modern
world.

The designed services should also guide the users and the human touchpoints to
interact with the services at any point in time, in an intended manner. For example,
the staff should be motivated enough and be able to deliver the experience to its
users during any of the interactions. The users should be motivated, through design
interventions, for example, to opt for the environment-friendlyoptionsmade available
by India Post.

Addressing behaviour-driven concerns through CraftChange Framework.
The redefined design brief for the study was to identify ‘India Post as a first choice
and one-stop solution for all citizen needs’. We used ‘CraftChange—Service Design
for Behaviour Change’ framework [16, 17] in order to make Indian citizens aware
of the proposed service, engage them with the service, enable them to use the
service and sustain the usage over some time such that they can also advocate the
service. CraftChange—ServiceDesign Framework canvases enabled the design team
to ideate for each stage of the users such as aware, engage, enable to use, use regularly
and advocate. Later, ideas where clustered to create detailed service concepts. The
cards used were based on behavioural principles and theories to ignite the ideas and
guide the design team to think from society and environment perspective, ensuring
completeness of the proposed service.

Through the usage ofCraftChange framework and toolkit [16, 17], duringmultiple
workshops and brainstorming sessions, many ideas were proposed for new service
offerings, that embark upon the identified needs of citizens as opportunities, align
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with the new government initiatives and can generate revenue for India Post. There
were also many incremental ideas to improve existing India Post services. Some
design interventions specifically catered to motivating and enabling the expected
staff behaviour. A few of the newly proposed services were designed in the form of
detailed concepts. CraftChange Empathy square [18] guided us to ideate and created
a balanced solution addressing the concerns of all the involved stakeholder; service
users, human touchpoint, organization and society as awhole. One of empathy square
nodes being ‘society and environment’, helped the design team to focus on cultural,
societal and environmental aspects of the proposed service.

2.4 Reflections

We reflected on the process followed, outcomes and feedback received, based on
which, the following are our findings and learnings from this study:

1. Need for scaled-up qualitative research to design complex citizen services that
involve diversity, complexity and large scale.While service design allows us to
indulge in the needs and expectations of citizens, it is a challenge to cover the
diversity among citizens that gives richer and deeper insights. The need to evolve
qualitative research techniques and methods, to reach out to a broader diverse
user base of such large-scale services, was observed and felt. The quantitative
research is already scalable and can be used during triangulation.

2. The service design approach is useful to find alternate revenue generation by
introducing new services or service options: The way current context is studied,
presented and utilized during the ideation phase helped to come upwith alternate
revenue services. Ideas that encourage improved channels of revenue for India
Post also highlights that service design can foster business impact. Using service
design approach for India Post, we could identify and design new service offer-
ings that can be developed by India Post to generate revenue in today’s modern
digital era by aligning with new government initiatives and fulfilling citizen
needs.

3. The integrative approach of service design and Behaviour Change seems apt
for citizen services: User research done for India Post brought out the particular
perception of users about staff behaviour such as lack of customer-centric atti-
tude, negligence, lethargy, rudely speaking, irresponsible behaviour. For citi-
zens also, there is a need to engage them with the service actively. To build
successful services, apart from building the core features of the service; it is
required to make the users aware, engage, actively use and advocate the service.
Hence, designing the service and changing the behaviour works simultaneously,
addressing greater adoption of services that can potentially stay longer.

4. Service design approach as an in-built mechanism to be a self-sustained organi-
zation, in rapidly changing times. There is a need to have an in-built mechanism
within government and its departments like India Post, to regularly evaluate,
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update and expand their services in order to be self-sustained. Service design
seems to be an apt approach to achieve this aim.

5. Addressing the need of all, in a balanced manner through designed services
is required to make services acceptable for all stakeholders. Service design’s
approach suggested by CraftChange Empathy square [18], to design balanced
solutions that address the needs and concerns of all the primary stakeholders
including society and environment, enables all stakeholders to embrace the new
services effortlessly. Since the needs of citizens, concerns of India Post and
Government of India, concerns of India Post staff and concerns and constraints
of environment and society can all be addressed through the designed services,
there is a higher possibility of broader acceptability.

2.5 Conclusion and Further Direction

Citizen services are associated with large scale, complexity and diversity-related
challenges, leading to the need for innovative approaches. This study was an
attempt to apply service design approach for citizen services like the post office.
Overall, service design approach and its methods are useful in improving the current
services, identifying and generating new service offerings such as alternate sources
of revenues. In order to be self-sustaining in the rapidly changing times, identifica-
tion of other revenue-generating services needs to be made a part of the government
structure and processes to evaluate, update and stay relevant continuously. Service
design can go deeper and understand the ground-level reality, needs and expectations
of users. At the same time, it has the potential of holistically designing strategies,
business models and processes to create favourable conditions for business organiza-
tions or government, its users as well as society and environment. Designed services,
in such a balanced manner, have the potential to last longer and stay relevant in the
changing world.

Moreover, the integrative approach of service design and behaviour change, based
on behavioural principles and theories, enables designers to design interventions that
achieve the desired behaviour of citizens and service provider staff. At a broader level,
it has the potential to achieve desirable human behaviours and societal transforma-
tions. Therefore, we believe service design process of understanding the context,
finding services for alternate revenue sources, filling the gaps between citizen needs
and offered services should be continuously applied to citizen services to be always
up-to-date, useful and relevant.

We understand that India Post was a speculative design study with the limited
availability of time and resources. However, it was an attempt to verify our belief
that service design and behaviour change approaches could benefit citizen services
tremendously. Further, there is a need to explore methods of service design in-depth,
that can solve the large-scale-related issues and evaluate those through multiple
citizen service case studies, to be ready to be applied in the real scenarios.
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Chapter 3
Design Intervention for Improving
Accessibility and Affordability of Ocular
Care—A Context-Specific Study of Rural
Assam

Abhijit Kakati and Amarendra Kumar Das

Abstract Practices in conducting eye screening camps in rural underserved areas
seem to have not changed lately. Majority of the settings organizing eye screening
camps, lack the necessary facilities and do not meet the general medical standards.
Adverse terrain conditions also do not allow for medical mobile unit vans to be an
option in such areas. Such factors result in the exclusion of a significant portion of
the population, who are at risk of developing ocular abnormalities due to diabetes
and other farm-related injuries. Field studies conducted in eye camps of rural Assam
and subsequent interviews with healthcare providers and recipients established the
novelty of the information. Considering these constraints as an opportunity, the
author engaged the healthcare experts for mining a context-specific design from
the perspective of the specialists. The information collected through ethnographic
narratives, focus group discussions, interviews, and field studies were shared with
a team of healthcare experts. The healthcare team, by means of a design workshop,
tried to address user needs in their concept design. This research examines the role of
association of designers with the healthcare professionals in bringing about solution-
oriented design services and systems, meeting the specific needs of the indigenous
people as well as the healthcare facilitators. The paper aims to reflect the versatility
of design education in addressing socially significant problems, intending to direct
it toward the unmet healthcare needs in low-resource settings. Such context-specific
interventions can open the window to valuable insights into the position of design
education in other professional domains.
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3.1 Introduction

Providing quality eyecare services in rural and remote communities has always been
considered daunting. People living in such remote places are often vulnerable to
several ocular abnormalities arising from work-related injuries, aging, and compli-
cations arising from non-communicable diseases like diabetes. With the growing
epidemic of diabetes, diabetic eye diseases are affecting a significant portion of the
underserved population of India. This requires consideration for viable alternative
services that are contextual.

The current practices for delivering eyecare services to the remote population are
through community outreach camps. These camps have remained an integral part
of the underserved population for access to eyecare services. Community outreach
camps act as a bridge between the eyecare providers and patients at risk in the
underserved areas and the population relies on such health camps for their well being.
Mobile unit screening vans have somehow tried tomake its presence felt in such areas.
However, there are many areas in the state of Assam that still lacks proper road
connectivity and has adverse terrain conditions. Under such environments, medical
mobile unit vans are often not considered as a choice in delivering eyecare services.
Rural communities present unique social and physical features and challenge the
effective implementation of digital technology [1]. Such factors finally result in the
exclusion of a significant portion of the population that are at risk of developing
ocular abnormalities due to diabetes.

The implementation of design methodologies can somehow help in optimizing
the complex nature of healthcare services. It is imperative to focus on how health care
can fit to the complexity of people’s lives and what role design can play in providing
suitable interventions in the preventative and curative approaches of health care [2].
The role of design is crucial in developing interventions by responding to the needs
of the people and the society where they live in [3]. Using a focused sense of design
strategy will help in developing better products that will be both functional and
pleasant [4].

The context of the proposed study is the rural and remote areas of the northeastern
state of Assam that lacks access to quality eyecare services and remains vulnerable to
developing ocular abnormalities throughout their lifetime. Since the outreach to the
rural population in the context of retinal screening is negligible, the rural community
is unaware of the retinal complications that can arise from diabetes and corneal
injuries.

More than 80% of the population of Assam depends on farming as a source of
income. Agriculture-related corneal injury, retinal vessel damage, and retinal detach-
ment are predominant among the farmers and daily wage workers of rural Assam. A
general practitioner having basic knowledge often serves all the patients, and so the
persons encountering retinal damage or corneal injury are often left undiagnosed.
This gradually results in severe conditions of the eye, and, if left untreated, may lead
to irreversible blindness. There is a primitive need to address this gap prevalent in
low-resource settings andmake quality eyecare services accessible for the population
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at risk. The research aims to engage the healthcare experts and extract their design
sense in designing for rural health camps.

3.2 Barriers Contributing to Poor Conditions of Eye
Health Care in Rural Areas

The prevalence of non-communicable diabetic eye diseases is increasing sharply
day by day. The majority of the people with diabetes are not seeking ocular care that
could prevent them from blindness and visual impairments [5]. Lack of awareness
among the people is a significant barrier for undertaking regular retinal screenings
of diabetic patients who could develop diabetic eye diseases. People are not aware of
the complications of diabetes in their eyes. Although the people had a good grip on
the causes of diabetes, the majority were unaware of the association of eye disease
with diabetes [6]. Poverty is also considered to be one of the most important barriers
in accessing ophthalmic services in both the developing and developed countries [7].
Due to the economic crunch among the rural dwellers, they are afraid to access health
care due to the exorbitant cost resulting in deterioration of eye health [8].

3.2.1 Lack of Awareness and Negligence in Diagnosis

The rural population has faith in folk practices and beliefs for any healthcare needs.
People in such areas suffering from eye diseases often ignore visiting an eyecare
specialist for factors like cultural, social, and psychological like fear of treatment,
mobility issues, time of travel, poor quality outcomes, family obstacles, fatalistic
beliefs, and reliance on folk medicine. They believe that the prevalence of blindness
is due to supernatural forces, and no interventions can help in this regard. In a study by
the PublicHealth Foundation of India (PHFI),MadrasDiabetes Research Foundation
(MDRF) and Harvard School of Public Health; it was found that about 1 in 2 Indians
with diabetes is unaware of their condition [9].

Awareness related to diabetes and its complications is extremely low in rural
areas of Western India [10]. Although around half of the patients were aware of
diabetes affecting their eye health, they were not aware of retinal screening [11].
This emphasizes the need for increasing awareness related to diabetic eye disease
diagnosis and complications.
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3.2.2 Delay in Follow-Ups for Treatment

Visiting for timely follow-up might not be possible in many instances for the rural
dwellers because it involves time, travel cost, and other opportunity costs. In certain
circumstances, taking a day off from work or household work for both men and
women could make arranging money difficult and treatment delayed.

3.2.3 Lack of Communication Between General Physician
and Ophthalmologists

A study mentioned that only 1 out of 5 ophthalmologists in India have access to
diabetes case records of the patients [12, 13]. The lack of information between
the two health domains is a severe concern in the prevention and management of
diabetic eye disease. There is a lack of information sharing network between the
two healthcare domains [13]. The diabetic experts were not aware of diabetic eye
disease screening by ophthalmologists and were also unaware of whether the patient
has undertaken any diabetic eye screening [14].

Communication between treating physicians and ophthalmologists as well as a
timely referral is essential for diagnosing and preventing irreversible blindness due
to diabetic complications.

3.2.4 Lack of Facilities at the Rural Eye Screening Sites

People in rural areas often rely on primary health centers and outreach screening
camps for their eye health. However, the health centers located in rural areas lack
the necessary facilities for proper eye care. Eye screening camps organized in the
rural areas lack the essential equipment for retinal screening and conditions under
which the testing has to be done is not adequate. A majority of the government-
aided hospitals do not have proper facilities for managing complex cases of diabetic
retinopathy [15].

3.3 Research Methods

During the research, the author adapted qualitative methods for obtaining the contex-
tual factors of rural health camps. Expert interviews and field visits to rural health
campsites helped in unraveling the factors responsible for poor conditions of health
camps. At the final stage of the research process, a team of healthcare experts was
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engaged in a design workshop to design a concept for solving some of the under-
lying issues extracted through interviews and field visits. The motive in involving
the healthcare experts in developing a design concept was their expertise in this field.
For obtaining a clinically safe and practical design, the perspectives of the specialist
should be considered.

3.3.1 Expert Interviews

At the initial stage of the research, the author visited several eye clinics and hospitals
to get an insight into the process of eye screening examinations. Different categories
of eye health check-ups undertaken in rural health camps were discussed with the
ophthalmologists and optometrists. The researcher interviewed six eyecare experts
consisting of both ophthalmologists and optometrists. The formal discussion series
with the experts revealed that the rural health camps are focused mainly on cataracts
and visual acuity tests. Of the ophthalmologists interviewed, two mentioned that
diabetes has a significant impact on the eye health of an individual, and it can lead
to damage to the retina. Therefore, it becomes necessary for the eye health camps
to also focus on diabetic-related eye diseases. Such practice is seldom performed in
rural eye camps mainly due to lack of facilities, awareness, and time. Though certain
camps perform the examination of the retina at the rural sites, the results obtained
are sometimes erroneous due to interference of the environmental light.

The researcher interviewed five diabetic experts by visiting their clinics to gain
their perspective regarding diabetic eye diseases. It was obtained from the discussion
that the referral rate of diabetic patients to go for retinal screening is significantly
low. Three diabetic experts mentioned that they seldom refer their patients for an eye
check-up as most of them never turn back for consultation in the future.

3.3.2 Field Visits to Community Eye Screening Camps

This phase concentrates on the issues faced by the patients as well as the healthcare
experts during the process of rural eye camps. Qualitative research methods have
been primarily used for the study. The study helped to unravel the different problems
faced by the stakeholders during the vision screening process in community groups.
Asmost of the ocular care in the rural areas is provided through eye screening camps,
the author found it appropriate to attend eye camps for having an insight into the
issues faced by the stakeholders.

The first step involved field visits to five different rural health campsites. Seven
experts and two hundred five health seekers were interviewed in relation to eye
screening in community camps and other rural clinical settings. The objective was to
understand the underlying issues associated with eye screening processes for various
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eye disorders. Interviews and focus group discussions provided us with valuable
insights from the perspective of the experts and as well as the patients.

The experts mainly revealed the issues they face in interacting and imparting care
to the patients. On the contrary, the patients focused on the complications they face
in attending the eye screening camps. An unexpected finding of the study was that
eighty-nine patients who had a background of diabetes never consulted an ocular care
specialist for prevention or diagnosis of diabetic eye diseases. They were unaware
of the eye complications that can arise from diabetes. Some even thought that the
vision abnormalities which they were experiencing was merely normal and will be
cured using spectacles. Out of sixty-four persons with age more than seventy years,
thirty-five of them felt that the vision impairment is a part of their aging process and
was not ready to accept that it can be associated with diabetes.

3.3.3 Problems Encountered by Healthcare Providers
in Rural Camps

Unsuitable lighting conditions at campsites.Due to the lack of proper lighting condi-
tions, accurate refraction and visual acuity tests could not be performed. Streak
retinoscopy examination and retinal examination must be performed under a dark-
room environment, which can hardly be seen in the rural eye camps. Most of the
camps are organized in open areas, and there is an illumination problem from the
surrounding (Fig. 3.1), which results in an erroneous finding. A low level of ambient
light is necessary for efficient screening of the eye. As evident from the figure,
ambient light levels are of great concern in the proper diagnosis of retinal abnor-
malities. The procedure for retinal diagnosis must be performed under proper light
levels with very less ambient light interference. All the experts interviewed (seven
numbers) mentioned this issue at some point during the interview.

Fig. 3.1 Ambient light
interference at the campsite.
Source: Author
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Fig. 3.2 Congestion of
patients at the campsite.
Source: Author

Congestion at the campsite. Overcrowding of the patients at the campsites some-
times escalates patient–provider conflicts. The healthcare providers are not able to
focus on the care process due to such congestion of patients. This ultimately leads
to a delay in the screening process and impacts the outcomes of screening. Such
practices are seen in eye screening camps at rural locations (Fig. 3.2). Five experts
mentioned that lack of a system for managing the stream of the patients affects the
screening process during eye camps, whereas two of the experts mentioned that they
use token numbers during the camps for managing the patient flow, and most of the
time, it gives good results.

Problems encountered by rural health seekers. The open-ended interview and
focus group discussion with two hundred and five rural health seekers unfolded
several issues. A majority of them revealed that they often hesitate to go to the
community hospital for treatment, as ocular specialists are hardly found to be present
and lack the necessary facilities for proper eye care. They are mostly dependent on
rural eye camps for their check-ups and treatment.

Eighty-three persons interviewed, mentioned that it becomes challenging for the
aging and disabled patients to attend the eye screening camps as they need a company
to assist them to the campsite, which is not possible at all times.

Secondly, a hundred and forty-two people stated that the distance between the
campsite and the patient’s home is a significant barrier for them to undergo screening
at the health camps. Due to the distance, most of the patients at risk ignore going to
the eye screening camp. It becomes tough for the daily wage workers to attend the
screening camps if the site is too far from their home. They are not able to leave their
work unattended and go for screening even if they want to.

Around eighty-five percent of the participants (a hundred and seventy-four partici-
pants) mentioned that, there are privacy issues in most of the health camps they have
attended so far. In the health camps, the healthcare providers ask them questions
which they only want to answer in private. As there is no privacy during the exam-
ination process, they feel shy to open up, and at times provide false information to
hide their condition.
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3.3.4 Design Workshop

This phase involves actively engaging the eyecare experts in developing a design
brief having the potential of solving the underlying issues encountered by both the
providers and recipients of eye care in rural health camps. The researcher decided
on not engaging any patient in the workshop since issues faced by patients were
extracted beforehand during the interview phase. The author shared the extracted
information from the patients with the experts before the start of theworkshop.More-
over, since healthcare professionals are well qualified and experts in their domain, it
was considered pertinent to the researcher to extract design solutions from them.

The workshop took place in a seminar room of a private hospital, and one of the
doctorsworking there helped the researcher in obtaining permission from the hospital
authorities. The participants of the workshop included three ophthalmologists (two
from the hosting hospital and one from a private eye clinic), four optometrists (one
from the hosting hospital and three from different eye clinics), and two nurses (from
the hosting hospital). At first, the author provided the healthcare experts a brief about
the findings from interviews and field visits. The participants were different from the
healthcare experts interviewed earlier. They were given the task of addressing some
of the issues faced by the patients and the healthcare experts during eye screening
camps in underserved areas. Theywere informed that their intervention could include
a framework, service or system design, medical device design, or any other medical
setup. The teamwas equippedwith some blankA4 sheets, chart papers, color pencils,
and sticky notes for developing their concepts. The participants first hesitated in
sketching their ideas and were conveying their ideas verbally. The researcher helped
the participants during the sketching process as they were not used to sketching.

Among the several issues encountered in rural health camps, the participants chose
solving the problem of congestion at the health campsites, darkroom facility for a
proper eye examination, and privacy concerns raised by the patients. The participants
of the design experiment upon mutual consent came with an idea of designing a
chamber for use in rural health camps. The chamber will have the functionalities of
conversion into a dark room as andwhen required. As per the view of the participants,
the chamberwill also be able to solve the problem of congestion and privacy concerns
at the rural campsites. During the design concept stage, the researcher never tried to
overpower the participants with their thought process. The participants were listened
to carefully and helped them in the sketching process and encouraged them to make
some rough sketches of their concept for a better understanding of the mechanism.
The participants came out with two design concepts.

Concept 1 mainly involved providing a closed chamber with dark screens for
limiting the ambient light inside the chamber. This will enable a proper setup for
retinal examinations for diabetic-related eye diseases like diabetic retinopathy and
other abnormalities requiring retinal screenings. The design parameters as identi-
fied by the participants include connectors for connecting the screens, pole design,
different types of joints, screen material, the distance between the patient and the
plane mirror (a plane mirror is used for forming an image of a Snellen chart at a
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Fig. 3.3 Rough sketches along with refined sketch plan during ideation of Concept 1 by the team
of healthcare experts

distance of 6 m from the patient). After identifying the design factors, they made
some rough sketches of their ideas. To bring in more clarity to their design, the
researcher helped them in refining their sketches. After sketching the concept, the
participants explained the mechanism and used the sticky notes for explaining, in
brief, the mechanism of the various components of the designed concept (Fig. 3.3).

The participants exhibited a sense of accomplishment after their concept sketch
was ready. They were very happy seeing their concept and started discussing among
themselves regarding the feasibility of the design. They asked whether the designer
can help in developing a prototype of their concept for testing purposes. At this,
one of the optometrists mentioned that the concept though having potential, may
not be feasible due to mobility issues. As the design was considered mainly for
underserved areas with no proper road connectivity, carrying the model would come
as a significant challenge. All the participants agreed to this and discussed that if
the same concept is made modular, then it may serve the purpose. Due to time
constraints, the doctors were not able to discuss it further on that day. They expressed
their enthusiasm and asked for another date for developing the modular concept.

The participants were approached on the date of appointment for discussing their
second concept. On the day of the appointment, one of the doctors did not turn
up due to an emergency. The team this time comprised two ophthalmologists, four
optometrist, and two nurses. The same process was adapted in sketching concept 2
as in concept 1. The design parameter this time included modular pole and screen
design. In concept 2, the team tried to improvise concept 1 by making it mobile for
the ease of carrying the setup. The team distributed each of the poles of concept 1
(Fig. 3.3), into three different parts. It indicates converting a single-pole measuring
around 6.5 m in concept 1 to three smaller poles of 2 m, 2.5 m, and 2 m, respectively.
Each of the poles will have a screen attached to it in a rotor. The participants in this
concept also changed the screen design of the front and rear sides of the chamber.
They said that instead of using screens, they would use square blocks for stability.
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Fig. 3.4 Rough sketches along with refined sketch plan during ideation of Concept 2 by the team
of healthcare experts

So, in place of the screens, several square blocks will be integrated into one. The
purpose of using several numbers of blocks is mobility. It will be easy to transport
smaller chunks than a larger single piece of block.

The participants also mentioned that they would provide markings on where to
place the planemirror andSnellen chart (standard chart used for visual acuity testing).
Providing markers by maintaining the required distance will save time in assembling
at the campsites. Target fixation is another issue encountered in rural eye campsites.
If the target is already marked, then there will be no need to measure the distance
at the site. By placing the mirror and the chart at the proper markings will serve
the purpose very quickly. Thus, apart from solving issues like darkroom facility,
congestion, and privacy, concept 2 (Fig. 3.4) may also solve problems like target
fixation, and mobility.

Since concept 2 is designed to be modular, according to the team of experts it
will be feasible to carry it in different terrain conditions. Concept 2 will also address
the issues faced by the aging and the vulnerable population in attending rural eye
camps by making it convenient to arrange the set up in close proximity with the
vulnerable and aging population. This will address the distance issues faced by the
rural community in attending health camps.

3.4 Conclusion

This design practice reflects on how the versatility of design can help in solving
socially significant problems. Here the designer engages the healthcare experts in
developing solution-oriented designs for improving the service experience in rural
health camps. In this approach, the healthcare experts received a sense of design
education from the conceptual stage of their design intervention. The healthcare
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experts expressed their enthusiasm in learning design from the designers as they have
found it very useful in solving real-life problems. The team of healthcare experts
successfully designed a chamber addressing the needs of the patients and health
carers at rural health camps that, too, without much help from the designer. The
designer, during the design stage, has never tried to overpower the health carers
with their expertise in design. The concepts designed is solely the contribution of
healthcare experts. The designer only helped the team in sketching their ideas. The
team of healthcare specialists got a picture of the stages of design thinking through
the design process. Encompassing design education among different domains outside
the design fraternitywill prepare them to think and act like designers. This will finally
help in developing various solution-oriented designs based on the perspective of the
experts on their respective grounds. A little momentum from the designers will help
in bringing out the latent designer among personnel of different spheres. Design
education should thus gear up for educating and imbibing ethics and social values
not only to the design fraternity but also to the general public for contributing toward
the upliftment of the society, which is a social responsibility.

3.5 Limitations and Scope for Future Work

While it is beyond the scope of this paper, practical assessment and analysis
of the concepts with the patients, medical professionals, and designers in low-
resource settings may well provide us with varied insights. Although a team of well-
experienced healthcare professionals developed the concepts, these are to be tested
in practice before any assumption can be made regarding its feasibility, viability, and
desirability. This continues to be a work in progress, and future work will focus on
developing prototypes of the concepts (following a collaborative approach among
the healthcare experts and designers) and inclusion of patients in the testing phases.

References

1. Goodridge, D., Marciniuk, D.: Rural and remote care: overcoming the challenges of distance.
Chronic Respir. Dis. 13(2), 192–203 (2016)

2. Chamberlain, P., Craig, C.: Design for health: reflections from the editors (2017)
3. Tosi, F., Rinaldi, A.: Design and usability of the next medical devices for the home care. Des.

J. 20(sup1), S2033–S2043 (2017)
4. Foque, R., Lammineur, M.: Designing for patients: a strategy for introducing human scale in

hospital design. Des. Stud. 16(1), 29–49 (1995)
5. Beaser, R.S., Turell, W.A., Howson, A.: Strategies to improve prevention and management

in diabetic retinopathy: qualitative insights from a mixed-methods study. Diab. Spectr. 31(1),
65–74 (2018)

6. Srinivasan, N.K., John, D., Rebekah, G., Kujur, E. S., Paul, P., John, S.S.: Diabetes and diabetic
retinopathy: knowledge, attitude, practice (KAP) among diabetic patients in a tertiary eye care
centre. J. Clin. Diagn. Res.: JCDR, 11(7), NC01 (2017)



40 A. Kakati and A. K. Das

7. Robin, A.L., Nirmalan, P.K., Krishnadas, R., Ramakrishnan, R., Katz, J., Tielsch, J., Friedman,
D.S.: The utilization of eye care services by persons with glaucoma in rural south India. Trans.
Am. Ophthalmol. Soc. 102, 47 (2004)

8. Oduntan, O.O., Mashige, K.P., Hansraj, R., Ovenseri-Ogbomo, G.: Strategies for reducing
visual impairment and blindness in rural and remote areas of Africa. Afr. Vis. Eye Health
74(1), 5 (2015)

9. Chacko, B.: 1 in 2 Indian diabetics unaware of their condition: study available: https://www.ind
iaspend.com/1-in-2-indian-diabetics-unaware-of-their-condition-study/. Accessed on 22 Nov
2019

10. Shroff, P.H., Patel, K.J., Kapadia, P.R., Patel, S.D.: Prevalence of diabetic retinopathy (DR) in
rural areas of Western India. Natl. J. Community Med. 9(9), 647–650 (2018)

11. Manu,A.S.,Davalgi, S.B.,Aithal, S.S.,Dilip,B.:Awareness of diabetic retinopathy andbarriers
for eye screening among adults with type 2 diabetes mellitus attending tertiary care teaching
hospital, Davanagere, Karnataka. Int. J. Med. Sci. Public Health 7(9), 686–691 (2018)

12. Murthy, G.: The emerging epidemic of diabetic retinopathy in India: report of a situational anal-
ysis and evaluation of existing programmes for screening and treatment of diabetic retinopathy.
IAPB report 2015

13. Poore, S., Foster, A., Zondervan, M., Blanchet, K.: Planning and developing services for
diabetic retinopathy in Sub-Saharan Africa. Int. J. Health Policy Manage. 4(1), 19 (2015)

14. Chakrabarti, R., Harper, C.A., Keeffe, J.E.: Diabetic retinopathy management guidelines.
Expert Rev. Ophthalmol. 7(5), 417–439 (2012)

15. Pandey, S.K., Sharma, V.: World diabetes day 2018: battling the emerging epidemic of diabetic
retinopathy. Indian J. Ophthalmol. 66(11), 1652 (2018)

https://www.indiaspend.com/1-in-2-indian-diabetics-unaware-of-their-condition-study/


Chapter 4
Frugal-IDeM: An Integrated
Methodology for Designing Frugal
Innovations in Low-Resource Settings

Santosh Jagtap

Abstract People living in low-resource settings at the base of the world income
pyramid (i.e. base of the pyramid—BOP) face several constraints. To satisfy their
unmet needs, integrated frugal innovations are necessary. Several studies, discussed
using many names such as ‘design for base of the pyramid’, ‘design for develop-
ment’, ‘product service systems’, ‘frugal innovations’, ‘humanitarian engineering’,
‘appropriate technology’, have explored the design of such integrated frugal innova-
tions for the BOP. Based on ten key design aspects, gleaned from such studies, this
paper aims at developing an Integrated Design Methodology for designing frugal
innovations for the BOP (Frugal-IDeM).We have related the key design aspects with
the various phases in the design and development process. The Frugal-IDeM also
includes recommendations for how to implement the key design aspects.

4.1 Introduction

People living in low-resource settings at the base of the pyramid (BOP) face many
problems such as lack of income generation opportunities and poor access to basic
facilities such as healthcare, education and clean drinking water (e.g. [17]). Design,
with its central idea of changing an existing situation into a desired situation, is
essential to alleviate problems of BOP people [5]. Appropriately designed frugal
innovations can potentially satisfy their needs [1]. Such frugal innovations include,
for example, water and sanitation facilities, systems providing access to healthcare
services, etc.

Frugal innovations for satisfying unmet or underserved needs of BOP societies
need to address many different constraints such as poor physical infrastructure,
shortage of resources, illiteracy of BOP people and their low income [21]. There-
fore, activities of designing such innovations must address several requirements and
deprivations in these societies, resulting into holistic solutions (e.g. product service
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systems—PSS). Such holistic, integrated innovations include, for example, appro-
priate systems to address the problem of weak distribution channels or they may
include suitable systems to repair implemented products [18, 21].

Whilst some authors have proposed design methodologies for developing inte-
grated innovations in the context of Western countries, there is the absence of such
designmethodologies for the BOP context (e.g. [6]). Since design is context-specific,
there is a profound need of developing integrated design methodologies, specifi-
cally tailored to the BOP. The objective of this study is to develop an Integrated
Design Methodology (IDeM) for designing frugal innovations to satisfy unmet or
underserved needs of BOP people. We call this methodology as Frugal-IDeM. The
Frugal-IDeM is based on key aspects of designing integrated frugal innovations for
the BOP, gleaned from the analysis of several studies undertaken in the BOP context.
The researchmethodology used for searching and analysing these studies is available
in our previous study [6]. Following this introduction, the rest of the paper is orga-
nized as follows. Whilst Sect. 4.2 presents key design aspects, they are synthesized
in the form of an integrated methodology in Sect. 4.3. Finally, Sect. 4.4 presents
conclusions.

4.2 Key Aspects of the Integrated Design Methodology

There are severalmodels of design anddevelopment processes. In general, the process
of designing and developing innovations consists of the phases (e.g. [7]): (1) project
planning and task clarification (e.g. contextual understanding, need-identification);
(2) conceptual and detail design (e.g. generation and evaluation of concepts, detail
design); and (3) realization and implementation (e.g. testing, manufacturing, mainte-
nance, etc.). This section presents the ten keys aspects of designing integrated frugal
innovations for the BOP and relates these aspects to above-mentioned phases of the
design and development process.

4.2.1 Holistic Contextual Understanding

BOP societies face many different problems. Several scholars have devised
taxonomies to categorize these problems. Some scholars have classified them
into individual, institutional, infrastructural and technological categories (e.g. [1]),
whereas others gave organized them into economic-, psychosocial-, physical- and
knowledge-deprivations (e.g. [15]). Therefore, satisfying needs of BOP societies
demand identifying and addressing many problems. Innovations designed for these
societiesmust be based on comprehensive contextual understanding of various issues
in these societies.

Several scholars have offered methods for developing and establishing compre-
hensive understanding of the target context. For example, Aranda-Jan et al. [1]
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developed a method called ‘holistic design framework’ to support designers in
understanding the target context. Another method is people, objects, environments,
messages and services (POEMS) framework [22]. It is essential to develop compre-
hensive understanding of the context early in the design process—that is—in the
project planning and task clarification phase (see Fig. 4.1a).

Fig. 4.1 Key activities and recommendations to support activities in the design and development
process
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4.2.2 User Involvement

Innovations designed without involving BOP people in the design process may not
be adopted and used on sustained basis when the teams developing those innovations
leave the community or begin working on some other projects (e.g. [16]). Outsiders,
living in developed countries or relatively wealthy areas of developing countries, are
typically unfamiliar with the lives of BOP people and their circumstances. Therefore,
involvement of BOP people in design activities is necessary not only to overcome
their unfamiliarity about life circumstances of BOP people, but also to enhance the
probability of continued usage of implemented innovations by the BOP people (e.g.
[5]).

Several studies have offered recommendations for how to involve BOP people
in design and development activities. It is crucial to recognize that BOP people
have expertise in living in low-resource settings and have in-depth knowledge of
local networks and resources (e.g. [14]). Drawing, pictures and narrative methods
of communication support involvement of BOP people in design activities. Since
involving BOP people supports several activities such as conceptual and detail design
as well as realization and implementation of innovations, the activities related to their
involvement need to be undertaken in all phases of the process (see Fig. 4.1b).

4.2.3 Innovation Adaptation

Adapting innovations to the specificities of BOP communities is essential for their
continued adoption and use by the BOP people [6]. Ernst et al.’s [3] and UNDP
[21] large-scale empirical studies undertaken in various sectors such as healthcare,
energy, transportation and in various regions highlight the crucial role of adapting
innovations to the BOP specificities. The diversity across BOP contexts demands
adapting innovations to the needs and circumstance of a specific context.

Another recommendation found in the literature is to synergistically adapt various
parts of the innovation (e.g. products, necessary networks, services, etc.) to tailor the
entire innovation for a specific BOP context (e.g. [2]). Visual comprehensibility,
interpersonal marketing, affordability, atomized distribution and flexible payment
schemes can enhance adaptability of designed innovations to the specific require-
ments of a BOP context. Implementing holistic contextual understanding, gleaned
in the project planning and task clarification phase, to tailor innovations to the target
context of the BOP communities needs to be carried out in conceptual and detail
design phase. Therefore, the activities of adapting innovations to the local context
are mainly undertaken in the conceptual and detail design phase (see Fig. 4.1c).
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4.2.4 Drawing on Local Strengths

Because BOP societies face many different constraints and deprivations, they exhibit
peculiar socio-cultural characteristics. For instance, the values of sharing resources
are not uncommon among BOP communities (e.g. [19]). They typically give priority
to building trusting relationships over business transactions. Previous studies have
found that drawing on the strengths of BOP societies is a key strategy in designing
innovations in this field (e.g. [21]). Besides drawing on socio-cultural strengths
of BOP societies, many studies suggest building on existing available resources,
supporting the attempts of reducing costs and enhancing affordability (e.g. [17]).

Previous studies have offered recommendation for how to build on strengths of
BOP communities. Leveraging strengths of BOP societies demands identifying their
strengths. Social embeddedness supports design teams in gaining deep understanding
of various socio-cultural strengths and resources available in these communities.
Some studies also suggest creatively building on the identified strengths of BOP
societies. For example, designed innovations can use sharing culture and available
products available in BOP societies (e.g. [9]). The activities of building on these
strengths are predominantly undertaken in conceptual and detail design phase (see
Fig. 4.1e).

4.2.5 Context-Specific Training Plans

Designing innovations for the betterment of BOP societies requiresmany inputs from
several actors. These actors may lack all the knowledge and skills required to design,
develop, implement the innovation (e.g. [13]). Training these actors to build and
enhance their knowledge and skills in some specific areas is therefore essential. For
example, training programmes are essential to overcome BOP people’s illiteracy and
lack of required skills to perform some design activities or to implement andmaintain
innovations. In a similar fashion, suitable training programmes can be necessary to
train other stakeholders. Jagtap et al.’s [9] study, analysing many design cases, found
that most of the cases employed training to support involved stakeholders.

Some studies suggest training a few local people in the initial phase and then
employing them to train others in the community (e.g. [2]). This strategy builds on
the language skills of the local trainers and their knowledge about cultural norms
acceptable in the local community. Factors such as age, gender, educational level
of trainees ought to be considered [9]. Programmes designed to train BOP people
need to be local, concrete and social. The activities of designing and implementing
training plans need to be considered throughout the design process (see Fig. 4.1d).
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4.2.6 Income Generation Opportunities

Income is a key dimension of resource scarcity in BOP communities. Increasing
income is an effective alternative to address their problems. BOP people prefer
income generating solutions. For example, a study, examining the design of an irri-
gation system, found that low-income farmers participated in the implementation of
those systems as they were aimed at increasing their agricultural productivity and
thus their income [18].

Some studies recommend creating income generation opportunities by employing
BOP people to address functions such as manufacturing, maintenance (e.g. [12]).
Their income can also be raised by focusing on them as entrepreneurs. The activ-
ities of designing and implementing income generation opportunities need to be
considered throughout the design process (see Fig. 4.1f).

4.2.7 Suitable Awareness Programmes

BOP people typically face problems such as illiteracy, knowledge-deprivations and
short-changed education (e.g. [9]). As a result of these problems, they may face
difficulties in reading product labels or selecting a more suitable product option.
They may also lack awareness about availability of existing products or benefits of
an innovation. As such, innovations for BOP societies must consist of awareness
programmes that are appropriate for their life conditions and ways of thinking (e.g.
[21]). Previous research suggests that appropriate awareness programmes support
the diffusion of innovations in BOP communities (e.g. [19]).

Some studies have offered recommendations for how to design awareness
programmes for BOP communities. Such awareness programmes ought to consider
pictographic and concrete thinking styles of BOP individuals (e.g. [19]). The aware-
ness programmes can also use demonstration strategies—that is—demonstrating
potential advantages of an innovation, how it works, or how it needs to be used. The
activities of designing and implementing suitable awareness programmes need to be
considered throughout the design process (see Fig. 4.2a).

4.2.8 Implementation of Life Cycle Requirements

A broad range of individual-, institutional- and structural-level deprivations in BOP
societies hinder many activities in the life cycle of an innovation such as implementa-
tion, repair and recycling [21]. When a product needs corrective maintenance, it can
be difficult to repair it because of lack of maintenance management or shortage of
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Fig. 4.2 Key activities, recommendations to support the activities, and phases in the design and
development process

skilled people to repair a product. Therefore, in designing innovations for BOP soci-
eties, it is imperative that design teams devote efforts in identifying and implementing
life cycle requirements.

Several scholars have developed recommendations for implementing life cycle
requirements in designing innovations for the BOP. Some recommendations centre
on enhancing product attributes such as reliability and maintainability (e.g. [1, 9]).
It is also crucial to test innovations in actual setting. Life cycle activities can also
be implemented by employing suitable business models such as PSS in which a
solution developer remains responsible for life cycle activities (e.g. [11]). The activ-
ities of identifying and implementing life cycle requirements need to be considered
throughout the design process (see Fig. 4.2b).

4.2.9 Cross-Sector Collaboration

Designing innovations to support development of BOP societies requires inputs from
a broad range of stakeholders such as companies, NGOs and local governments
(e.g. [21]). Collaboration between such stakeholders is useful to bring together their
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knowledge and skills in order to address a multitude of value chain gaps in BOP
societies (e.g. [9]). NGOs, with their social embeddedness in local communities, can
contribute towards gaining in-depth understanding of the needs of BOP people (e.g.
[20]). Local governments can also provide important inputs, e.g. dissemination of
information about designed solutions, providing subsidies, etc. Companies,with their
expertise in technology and business management, can provide inputs in designing
and developing products [18].

The collaborative design between the broad range of partners requires respecting
socio-cultural differences between them and employing context-specific communi-
cation methods (e.g. [21]). In order to ensure effective collaboration between local
governments, NGOs and companies, it is crucial to develop and support long-term
and trust-based relationships. The involved partners also need to recognize that devel-
oping and maintaining partnerships can require long-term operating horizons (e.g.
[9]). Cross-sector collaboration between companies, NGOS and local governments
provides inputs throughout the design and development process (see Fig. 4.2c).

4.2.10 Adapting Project Management and Overcoming
Biases

Jagtap et al.’s [10] study comparingprocesses of designingproducts forBOPandnon-
BOP contexts revealed that designers may handle requirements in a biased manner
when they design for the BOP context. For example, they tend to give little atten-
tion to requirements about aesthetics and ergonomics despite their applicability in
BOP context. Biases can also emerge from the ways in which NGOs, local govern-
ments and companies view each other. These partners need to view each other posi-
tively. In addition, innovation development for the BOP demands adapting project
management to the specificities of the local context (e.g. [4, 10]).

In project management, the role of each partners needs to be explicitly stated. The
involved partners need to adapt communicating styles to local specificities and condi-
tions. The bottom-up approach can also assist stakeholders throughout the design and
development process, supporting them to overcome biases and in adapting project
management to local context. The activities of adapting project management and
overcoming biases serve as inputs throughout the solution development process (see
Fig. 4.2d).

4.3 Integrated Design Methodology for the BOP

Satisfying needs of BOP societies requires integrated innovations. In Sects. 4.1.1–
4.1.10, we presented key aspects of designing and developing such innovations. Each
of these aspects has been supported by findings of several studies, while providing
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methods and recommendations for how to implement these aspects. We also related
these aspects with the phases in the design and development process. Whilst we
presented these aspects in separate subsections in the preceding part of the paper,
they are here put together in the form of an integrated design methodology—Frugal-
IDeM (see Fig. 4.3). Of the ten aspects, the two aspects—‘cross-sector collaboration’
and ‘adapting projectmanagement and overcoming biases’—provide requisite inputs
and resources to undertake various tasks in the process. The remaining eight aspects
are about undertaking essential activities in the process.

While some aspects focus on addressing value chain gaps in BOP societies, some
focus on leveraging the strengths of these societies. For example, developing context-
sensitive awareness and training programmes, creating income generation opportuni-
ties and designing systems to address life cycle activities are key aspects in addressing
issues related to weak physical infrastructure, low literacy level of BOP people, their
low and uncertain income, etc. Alternatively, aspects of drawing on local strengths
and involving BOP people throughout the process build on the strengths of BOP
societies.

Fig. 4.3 Frugal-IDeM—Integrated methodology for designing frugal innovations
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Some design aspects are about addressing weaknesses or building on strengths of
outside partners, who typically come from non-BOP contexts, but contribute towards
the design and development of innovations for BOP societies. For example, the
outside partners bring in their expertise in design or technology. On the other hand,
biases (if any) of outside partners or their lack of knowledge about BOP societies are
addressed by understanding the local context holistically and by co-designing with
BOP people.

4.4 Conclusions

Integrated innovations are necessary to satisfy needs of BOP people. We identified
ten key aspects of designing such integrated innovations. These aspects are related to
various phases in the design and development process, while offering methods and
recommendations for their effective implementation. Innovations for the BOP ought
to be adapted to the specificities of the local context by grounding them in the holistic
contextual understanding. To enhance acceptance of these innovations, their design
needs to be drawn on local strengths and resources, with the involvement of BOP
people throughout the process. Since designing such innovations warrants tackling a
variety of constraints, their design requires context-specific training and awareness
plans, income generation avenues and implementation of life cycle requirements.
Designing such innovations necessitates inputs from a broad range of partners, and
demands adaptation of project management to local specificities, with a significant
need to avoid biases. Based on the ten key aspects, we developed a unified method-
ology for designing integrated frugal innovations. Future studies can test and refine
the methodology, for example, by seeking feedback of relevant stakeholders or by
its implementation.
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Chapter 5
Artificial Neural Networks Supporting
Cause-and-Effect Studies
in Product–Service System Development

Omsri Kumar Aeddula, Johan Wall, and Tobias Larsson

Abstract A data analysis method based on artificial neural networks aiming to
support cause-and-effect analysis in design exploration studies is presented. The
method clusters and aggregates the effects of multiple design variables based on the
structural hierarchy of the evaluated system. The proposed method is exemplified in
a case study showing that the predictive capability of the created, clustered, dataset
is comparable to the original, unmodified, one. The proposed method is evaluated
using coefficient of determination, root mean square error, average relative error,
and mean square error. Data analysis approach with artificial neural networks is
believed to significantly improve the comprehensibility of the evaluated cause-and-
effect relationships studying PSS concepts in a cross-functional team and thereby
assisting the difficult and resource-demanding negotiations process at the conceptual
stage of the design.

5.1 Introduction

Concept evaluation in product development has historically been overly reliant on
experts’ ambiguous and subjective judgments and qualitative descriptions [1].Hence,
a major quest in engineering design is the search for information and the subsequent
analysis and build of knowledge. An efficient way to generate data is through exper-
imentation. This means running some kind of test procedure for various input data
and to study how these data affect the output of the procedure. Experimentation
is commonly done using models, simplified representations of the studied system,
nowadays predominantly mathematical models. Experimentation with mathematical
models is here referred to as simulation. Building and solving mathematical models,
considering a diverse set of systems and disciplines, have received significant atten-
tion within the research community during the last decades. However, the question
regarding howdesigners should interpret and use thesemodels and solutions in design
has been largely neglected [2]. This problem is even more pronounced considering
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that designing industrial products or services is nowadays normally a group effort
and rarely an individual act [3].

The transition away from product view, toward providing product–service
systems, increasing product complexity, and the long-prevailing concurrent engi-
neering approach, makes inroads for this development [4]. This emphasizes the need
for collaborations, internally within the organizations and externally with suppliers,
customers, and other stakeholders in the value chain, especially in the early phases
of product development, where the information is scarce, vague, and potentially
conflicting.

Supporting cross-functional design teams with data analysis and visualization,
helping them to interpret and utilize simulation results, hence become a key success
factor, while providing a potential setting for information sharing, communication,
understanding, and building of knowledge. Data analysis assists in transforming
information into knowledge, exploiting the relationships among the data, to drive the
product or service design process [5].

Bititci et al. [6] emphasize exploring the cause-and-effect relationships among
the multiple variables involved, as a part to measure the quality of design improve-
ment. Wall et al. [7] propose a data analysis method based on partial least square
regression supporting cause-and-effect analysis in design exploration studies for
linear and continuous variables. The proposed method clusters and aggregates the
effects of multiple design variables based on the structural hierarchy of the evaluated
system. According to [8], multiple linear regression analysis is a tool to understand
the relationship between one dependent variable and several independent variables.
Linear regression methods are easy to implement and simpler in design. The limi-
tation of multiple linear regression analysis is that they are modeled for linear data,
owing to which they cannot discern any nonlinear relationships in data [9]. However,
design problems often contain nonlinear relationships between design variables and
attributes. Hence, a method able to cope also with nonlinear relationships is sought
[10].

In recent years, artificial neural networks have been widely employed in modeling
dynamic systems, as they are found to accurately model continuous functions and
shown to have good predictive performance in simulations of nonlinear dynamic
systems, due to their adaptability, flexibility, and optimization capabilities [11]. They
have the ability to learn the system behavior from samples by inspection. This paper
extends and modifies the method proposed by [7].

An artificial neural network-based data analysis method to understand quantified
cause-and-effect relationships of the studied system is proposed. More specifically
the aim is to develop amethod able to support quantification of dependencies between
design variables (independent variables) and design attributes (dependent variables),
irrespective of the data linearity, on a component or subsystem level in cases where
more than one independent variable drives the configuration of the component or
subsystem.

The remainder of this paper is organized as follows; In Sect. 5.2, the proposed data
analysismethod is presented. In Sect. 5.3 the proposedmethod is exemplified through
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a case study. The paper concludes with discussion, conclusions, and directions for
future work.

5.2 Data Analysis Method

A cause-and-effect relationship may be studied by establishing mathematical equa-
tions between design variables (independent variables) and design attributes (depen-
dent variables). Design variables are entities that may be changed in an experiment
affecting the shape or properties of the studied system. An attribute can be defined
as any aspect of the product itself or its use that can be used to compare product
alternatives [12]. As an example, the attributes of an automobile might be accelera-
tion or fuel consumption. Quantification of dependencies between design variables
and design attributes is established by analyzing the design variable’s contribution
toward the design attribute. Linear regression methods analyze the design attributes
dependencies on the design variables from the generated linear mathematical equa-
tion coefficients [13]. This type of analysis fits for linear observed variables and
limits the applications to data with nonlinearities and for clustered variables.

The variables in a design exploration study might be classified as a two-level
hierarchy including design variables and design attributes. Typically these design
variables are not identifiable as components or subsystems. Rather, a subset of design
variables in a design exploration drives the configuration of a particular component or
subsystem and also attributes associated with that component or subsystem. As this
“intermediate level” of components and subsystems are not directly included in the
conducted experiment, data to populate, and in the next step analyze it, does not exist.
Rather it is to be inferred from the set of observed design variables by clustering the
identified subset of design variables and aggregate their effect on the design attribute.
Creating an intermediate level without losing the significant contributions of other
non-clustering design variables is a vital task.

Data linearity affects the “goodness” of fit of the intermediate level in the structural
hierarchy [7]. This paper proposes a variable clustering method, in combination with
an artificial neural network to fit the intermediate level, irrespective of the linearity
without altering the significant contributions of other non-clustering design variables.
The independent variables are clustered based on the structural decomposition given
by the structural hierarchy of the studied system. This inline with the research aim
presented in the introduction. Generating new, clustered, variables inferred from the
observed design variables is challenging, and adding the element of relationship
exploration without losing the significant contributions of other design variables
serves to confound the process even further.

Figure 5.1 depicts an overview of the proposed method, schematically also
showing its role in the concept evaluation process. In the proposed method, data
is initially analyzed to identify the continuous and categorical variables. A subset of
design variables, according to the structural hierarchy, is clustered and each design
variable forms a node in the input layer of the designed artificial neural network. The
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Fig. 5.1 Overview of the proposed method

network has a single output node with clustered variable constructs. Exploration of
the neural networks layer weights reveals the contributions of design variables on the
design attribute [14]. Design variables and design attributes are normally of different
metric units. In this work, they are standardized to scale down all the variables to a
commonmetric scale. Standardization reduces the mean value of the variables to “0”
and their standard deviation to “1”, aligning all the variables, distributed normally,
on the same scale. This helps to understand the contributions of design variables
on a design attribute when they have different metric units [15]. An artificial neural
network with designated nodes based on the number of design variables and a prede-
termined number of hidden layers is employed to understand the cause-and-effect
relationships for the desired hierarchical levels or between desired design variables
and a design attribute.

5.2.1 Artificial Neural Networks

An artificial neural network is a mathematical and computational model that simu-
lates the human brain functions of perception, computation, and memory. The ability
of neural networks to learn and generalize from the input data makes them a powerful
tool to solve numerous real-world applications [16]. An artificial neural network
is a system consisting of processing elements namely nodes in each layer with
connections (Synapse) between them. Its inherently nonlinear structure is partic-
ularly useful in exploring complex relationships of real-world problems. Artificial
neural networks learn from the data through iterations without any prior knowledge,
capable of handling data with noisy, linear, and nonlinear relationships [17].

In the studied system, the architecture of the artificial neural network is char-
acterized by a single input layer, a single hidden layer with a nonlinear activation
function, and a single output layer. A multilayer perceptron, also referred to as a
feedforward network, is employed featuring supervised learning. The network maps
a set of inputs, design variables, onto a design attribute linking through the hidden
layer. The neural network is depicted in Fig. 5.2. The input layer is a set of neurons
with design variables and the output layer contains a single neuron with a design
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Fig. 5.2 Artificial neural network architecture

attribute. IW and LW are the weights associated with the input-hidden layer and
hidden-output layer, respectively.

The adapted neural network is described [18], according to Eq. (5.1):

y = (

h∑

j=1

LW j ∗ finner

(
d∑

i=1

IWi ∗ xi + b(1)
0

)
+ b(2)

0 ) (5.1)

where y is the design attribute; IWi and LW j indicate the weights connecting the
input layer with hidden layer and hidden layer with output layer, respectively; h is the
total number of hidden layer neurons; d is the number of input layer neurons; b(1)

0 and
b(2)
0 are the biases for the hidden neuron and the output neuron. f inner is a hyperbolic
tangent sigmoid activation function. A hyperbolic tangent sigmoid transfer function
is given by Eq. (5.2):

finner(n) = 2

(1 + exp(−2 ∗ n)) − 1
(5.2)

Network weights are identified using the following iterative method [19],
according to Eq. (5.3) and (5.4):
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{w}i+1 = {w}i − η
∂E

∂{w} ({w}i ) (5.3)

E =
N∑

n=1

{tn − yn}2 (5.4)

where tn is the actual output value; yn is the estimated value; and n is the index of
the training data.

A Levenberg–Marquardt algorithm is employed to train the adapted network, as
the algorithm combines the benefits of gradient descent and Gauss–Newton methods
and it speeds up the convergence rate [20]. The algorithm trains the neural network,
as long as the weights, net inputs, and transfer functions have a derivative function.
According to [21], the connection weights method proved to be better compared to
other variable contribution methods such as the stepwise method, profile method,
and perturb method. Connection weights method make use of the weight vectors IW
and LW in determining the design variables contributions (RI) to the design attribute
[22], according to Eq. (5.6):

Q(h,i) =
∣∣(IW(h,i))

∣∣ ∗ |(LWh)|∑n
i=1

∣∣(IW(h,i))
∣∣ ∗ |(LWh)|

(5.5)

RIn =
∑n

h=1 Q(h,i)∑n
i=1

∑n
h=1 Q(h,i)

(5.6)

where h is the total number of neurons in the hidden layers; and n is the total number
of neurons in the input layer.

5.2.2 Variable Clustering

Design variables clustering involves constructing latent variables, inferred from the
observed design variables. In the studied system, design variables are clustered
according to the referenced structural hierarchy. Each design variable to be clus-
tered is expressed as a product of two matrices with weights for each variable value
and original data with a rotated coordinated system, according to Eq. (5.7).

P = [w] × ZT (5.7)

where [w] is the weight matrix of the design variable; and Z is the rotated coordinated
system matrix.

The rotated matrix is analyzed to estimate the variance (v) of the rotated matrix.
Clustered variables are identified as a sum of the product of total variance of the
rotated matrix with the rotated matrix of associated design variables to be clustered,
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according to Eq. (5.8):

Xnew = {(V1 × Z1) + (V2 × Z2) + · · · + (Vn × Zn)} (5.8)

whereXnew is the newclustered variable in the intermediate hierarchy level, according
to variable hierarchy; Vi is the total variance of the rotated matrix of the ith design
variable; and n is the number of variables to be clustered.

5.3 Case Study

To exemplify the proposed method, it was used to analyze an existing dataset
originating from a design exploration study evaluating proposed concepts of road
construction equipment. In the study, 700 variants of the vehicle platform were
studied. Variants driven by seven design variables and 16 design attributes were
assessed. The dataset is divided into two sets with 70% of data for the artificial neural
network process and 30% for testing the derived observations from the proposed
method. The adapted neural network divides the input data into three sets, training,
validation, and testing sets, with 70% of input data going to the training set.

A value-driven design (VDD) approach was applied in the design experiment as
systems engineering (SE) research has stressed the importance of the value model to
frontload engineering design activities [23]. Thismodel is expressed as a single objec-
tive function that aims at measuring the “goodness” of the design. More information
on how this dataset is generated and the applied modeling and simulation scheme can
be found in [24]. The model-based experimentation relies on a hybrid model envi-
ronment evaluating both performance and resource space. The value model was fed
with the output of these models to render a value score for the design configuration
under analysis. All aspects of value were quantified in monetary terms, enabling easy
tradeoff with more traditional requirements. This quantification process was based
on the implementation of net present value (NPV) from the VDD literature [25]. The
dataset also contained information enabling mapping each design variable directly
to components or subsystems in the structural hierarchy.

The studied dataset contained three categorical variables rendering nonlinear
behavior. These variables were transformed into continuous variables, generating
dummyvariables equal to the number of classes in a categorical variable [26].Dummy
variables are continuous variables with logical values representing subgroups of the
categorical variable. The model was custom trained to distinguish between categor-
ical and continuous variables and transforming all categorical variables to continuous
variables.

To exemplify the method, NPV was chosen as a design attribute, and the relative
importance of the continuous design variables was assessed. The relative importance
values could be used to understand the cause-and-effect proposition on themagnitude
scale, where it represents the relative change in the design variables for a unit change
in the design attribute value. The relative importance of the design variables for the
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Fig. 5.3 Variable importance

design attribute “NPV” is shown in the left part of Fig. 5.3. The design variables were
clustered according to the structural hierarchy, rendering an intermediate level with
five clustered design variables. At this stage, these five variables are interpretable as
subsystems or components of the studied system. The contributions of the clustered
design variables are shown in the right part of Fig. 5.3. The non-clustered variable
“connector” has a contribution value of 8.6 both in the left and right part of Fig. 5.3,
indicating that the significance of the non-clustered variable remains the same.

The mathematical equation framing design attribute from design variables,
according to Eq. (5.1), is a nonlinear function, thereby the proportionality is also
a nonlinear function. The cause-and-effect relationship between a specific design
variable and the design attribute was analyzed by varying the value of a design vari-
able while keeping all other design variables constant. This method of estimation is
cumbersome, as the artificial neural networks popularly referred to as “black box”
[16] does not provide a direct method to estimate the variable contribution with
magnitude and direction directly.

Statistical analysis technique, coefficient of determination (R2), was used for
methodology validation. It determines how close the predicted data matches the
original data, according to Eq. (5.9) [27].

R2 = 1 −
∑

(y − Y )2

∑
(y− −

y)
2 (5.9)

where y represents the actual data values; Y is the predicted (estimated) data values;

and
−
y is the mean value of y.

Figure 5.4 shows visualization of the goodness of fit for the NPV design attribute
based on the proposed neural network architecture.
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Fig. 5.4 Artificial neural network regression plot

The value of the regression coefficient of determination ranges from [0,1]. As the
value of R2 approaches unity, the predicted values are equal to the actual data values,
i.e., the closer the value of R2 to 1, the greater is the fit of the data, and the closer the
value of R2 to 0, the poorer is the fit of the data. For NPV, R2 tends out to be 0.9990,
in comparison coefficient of determination of assessed attributes are 0.98 and above.
Clustered variables were derived from a set of observed design variables, thereby an
indirect method was used for validation of intermediate level. Figure 5.5 shows the
predictive capability of the derived neural network model using 30% of the unused
design attribute (NPV) data both at the intermediate level and component level. Root
mean square error (RMSE) and average relative error (RE) measure the deviation
of the predicted values from actual observed values. Prediction of unused design
attribute values, along with RMSE and RE, according to Eq. (5.10) and (5.11), [15]
validates the methodology.

RMSE =
√√√√1

n

n∑

i=1

(Yi − yi )
2 (5.10)

RE =
∣∣∣∣
Y − y

y

∣∣∣∣ (5.11)

where y represents actual data values; and Y represents predicted data values.
At the intermediate level, RMSE for the estimated design attribute tends out to be

0.0026 and average relative error of 0.0033, similarly, at the component level, RMSE
for the design attribute tends to be 0.0023 and average relative error of 0.0029.
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Fig. 5.5 Estimated data versus observed data

5.4 Discussion and Conclusion

An artificial neural network-based data analysis method that clusters and aggregates
the effects of multiple design variables in a study is presented. The proposed artificial
neural network is trained using the Levenberg–Marquardt algorithm, with 70% input
data as training data. The method focuses on the exploration of cause-and-effect
analysis providing a structured input to a visualization construct. The intention is
to generate an intermediate level and map the analyzed data based on the structural
hierarchy of the proposed concept.

The proposed method is based on artificial neural networks and matrix decompo-
sition for variable clustering, generating an intermediate level in the structural hier-
archy, thereby reducing the dimensionality of the data and hence decrease in compu-
tational complexity compared to the original data. The proposed method ensures that
the significances of the variable contribution of the non-clustered design variables
are not lost during the experimentation. The goodness-of-fit measure in the inter-
mediate level reveals that the adapted neural network model closely fits the data,
with clustered variable preserving the original information of the design variable.
The proposed method extends the predictive range of linear relationship variable
modeling, and the model is trained to solve complex data, overcoming the assump-
tions in [7]. The proposed method has no limitation to the number of variables, and
the intermediate level analysis supports in reducing the computational resources and
time compared to the computation of all design variables.
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The method is exemplified through a case study including visualization of cause-
and-effect relationships by bar graphs of the studied concept. Applying a validation
scheme based on the coefficient of determination, testing of non-trained data, RMSE,
and relative error, it is shown that the data structure using a “virtual” intermediate
level performs, considering the nonlinearities in the original dataset, comparably to
the original dataset when it comes to predicting attributes. Futureworks aim to extend
the proposed method by implementing a cascaded network for clustering based on
unsupervised learning and comparing it with other aggregating variable methods
such as the Karhunen–Loeve method.
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Chapter 6
The Factors Influencing Usage Intention
of Urban Poor Population in India
Towards Mobile Financial Services
(Mobile Payment/Money)

Raman Saxena and Ravi Mokashi Punekar

Abstract Considering the promise mobile telephony offers and the dramatic
increase in mobile telephone usage in India, several initiatives have emerged in
extending financial services to the marginalised population. However, these mobile
financial services have not resulted in the desired acceptance among this targeted
population. Following the contextual inquiry methodology, this paper presents the
outcome of two empirical studies that aimed to identify factors that underlie this lack
of usage of mobile payment options among the urban poor population. While the
first study examines mobile phone features and services’ usage patterns and services,
the second study examines the prerequisites to access and use BHIM and Paytm, the
two most popular mobile payment/money in India. The two studies’ outcomes help
understand the acceptance and adoption levels and their shortcomings in the existing
design features. The study suggests desired features that may guide in designing of
these financial services.

6.1 Introduction

The development of information and communication technologies (ICT), access to
inexpensive mobile phone devices and decreasing mobile service tariff rates have
made mobile phones globally affordable to large sections of society. Today, ICT
is widely used and accessible among poor communities in developing countries
[1]. There is a significant increase in mobile service penetration across the global
population. Financial service delivery is no exception. There has been significant
worldwide growth and penetration of mobile financial services among developing
countries, including India. Kirui et al. [2] reported that there is growing evidence to
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show a rapid increase in the access, adoption, and usage of mobile financial services
(MFS) [2]. M-Pesa (Kenya) and PayPal mobile [3] are two such successful global
case examples.

As per IAMAI andKANTAR-IMRB report published in India Today,March 2018
[4], it is estimated that there are 478 million mobile Internet users in India, including
291 million urban mobile Internet users and 187 million rural. This phenomenal
growth is a potential digital and financial inclusion tool, reaching over 2.5 billion
unbanked poor in developing countries [5]. However, as per the Gartner group report
2008, mobile-based financial services’ overall adoption has relatively been slow. A
similar pattern is seen in India [6]. As per the TRAI, in the year 2018, India has
reached 1188.99 million mobile subscriptions, an increase of 25% since 2012 [7].
Mobile Internet subscribers have grown from 78.7 million [8] to 472.72 million [9].
However, during the same period in 2018, mobile money/ payment subscription has
remained only 73.9 million despite having several offerings.

Such a potentially promising digital financial service offering received a required
impetuswith theGovernment of India’s decision of demonetisation and subsequently
encouraging digital payments in all modes of financial dealings that followed this
decision. These drastic decisions initially forced people to switch to digital financial
transactions. However, with the Indian currency’s cash-to-GDP ratio returning to pre-
demonetisation levels byMay2018 [11], such amonetary transaction trend among the
poor and the marginalised communities have also drastically dropped down. BHIM
and Paytm are currently the two leading mobile payment/money offerings in India.
The Government of India has also laid renewed thrust and promoted digital modes
of financial transactions. However, it is found that the adoption of mobile financial
services is marginal compared to mobile phone ownership among the urban poor.

Given the accepted benefits of digital payments, it is pertinent to seek a potential
explanation for the low adoption of mobile financial services among the urban poor.
Could the demand side barrier such as affordability, low literacy and an understanding
of technology usage behaviour be a critical focus area that needs to be examined?

These form the primary inquiry of this design research study. The outcomes of
which subsequently feed as critical factors for consideration in the design of pro-poor
mobile financial services’ targeted India’s urban economically poor population.

6.2 Problem Statement

In this study, we ask the following research questions:

1. Why is there such low adoption of digital payments and the waning interest in
access to mobile financial transactions among the urban poor?

2. Is the failure due to technology acceptance and adoption? Could there be a
mismatch in the service features not meeting this massive low income and
urban poor segment’s real-world needs in India?
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The study investigates why the lack of acceptance and the factors and barriers
limiting mobile payment/money acceptance. Towards meeting the above aim, this
study set the following three research objectives:

1. Understand the functional/digital literacy (urban poor-demand side) related
to mobile phone usage (skills, comfort level) and analyse if they hold any
implication on acceptance and adoption of mobile financial services.

2. Understand the prerequisites (hardware, software, registration/set-up, cost,
etc.) for using BHIM and Paytm if these prerequisites/preconditions (service
providers-supply end) serve a barrier in acceptance and usage of mobile
payment/money amongst the urban poor population.

3. Understand what “useful” means to the urban poor in their context of mobile
financial services-mobile payment/money.

6.3 Literature Review

Design researchers follow various theoretical research models in the domain of user
research and technology acceptance methods. These broadly include diffusion of
innovation theory (DOI) [12], theory of reasoned action (TRA) [13], technology
acceptance model (TAM) [14], theory of planned behaviour (TPB) [15], TAM2 [16],
unified theory of acceptance and use of technology (UTAUT) [17]. All these aim
to explain the acceptance and adoption of the users’ behaviour towards technology.
Among these, the technology adoption model (TAM) has been most widely used by
researchers to study technology acceptance behaviour in various IT contexts.

6.3.1 Socio-economic Background and Cultural Context

Low literacy levels often serve as barriers to MFS’s acceptance and usage among
the urban poor population. Laforet and Li [18] found a lack of understanding of
the concepts and benefits as the main barrier to consumers using mobile banking.
A study in China by Trappey and Trappey [19] found that the traditional customer
using cash for any financial transactions had no prior exposure and confidence in
the new payment culture, which has impacted their acceptance of mobile payments.
In a study undertaken in India, Singh [20] reported that more males than females
from high-income groups are mobile banking users. Medhi et al. [21], research on
the adoption and usage of existing mobile banking services by low-literate, low-
income individuals reported a lack of awareness about the availability and features
of M-banking services as the cause affecting their adoption. Bashir and Madhavaiah
[22], in their study, found that perceived usefulness (PU), ease of use, trust, self-
efficacy and social influence had a positive influence while perceived risk exerted a
negative effect in the use of Internet banking. Singh [23] identifies “security/privacy,
reliability, and responsiveness” essential factors in customer’s perception towards
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mobile banking among 18 to 46+ years users with annual income above Rupees two
lakhs.

Potnis [1], outlining a pro-poor perspective, suggests a “bottom-up” approach that
considers specific contextual factors that influence access; community factors that
influence adoption and cultural factors that influence the continuous usage of mobile
financial services by the poor. Kim et al. [24] suggests the need for further research
on aspects other than individual differences such as innovativeness and knowledge
about mobile payment. They hinted that there could be many more characteristic
variables that can affect the intention to use mobile payment.

6.3.2 Technology Acceptance Model (TAM)

Researchers more popularly apply the technology adoption model (TAM) to under-
stand technology acceptance behaviour in a variety of information technology (IT)
contexts. TAMexamines parameters such as perceived usefulness and perceived ease
of use to understand their relationship with external variables and their influence on
information system adoption [25, 26]. Perceived usefulness is defined as the degree
to which a person perceives that adopting the systemwill boost their job performance
resulting in an immediate effect on one’s adoption intention. Kim et al. [24] have
defined the perceived ease of use as the degree to which an individual believes that
adopting the system will be free of efforts resulting in both an immediate effect and
an indirect effect adoption intention. The meta-analysis of these factors reveals that
perceived usefulness and ease of use are the most influential factors that impact the
behavioural intention towards the adoption of MFS [27].

6.4 Research Studies and Methodology

For gaining insights into the research query, we planned the following two quali-
tative studies with the target user segment following a contextual enquiry research
methodology using a semi-structured interview.

Sample size: Considering budgetary constraints on the study, the participants
were identified living in Delhi and NCR region. They included 121 adults (73 male
and 48 female), belonging to the urban poor, sub-class—churning and transient poor
user segment. All the participants owned a mobile phone. The convenience sampling
method was used after confirming ownership of a mobile phone.
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6.4.1 Study 1: Patterns of Mobile Phone Usage Among
Urban Poor Users

Considering the economically weaker section of mobile phone users as our target
user group, our study focused on understanding the users’ functional literacy and
comfort levels in using the various features of their mobile phone, the pattern of use
of mobile Internet, social media applications like Facebook, YouTube, WhatsApp
and mobile payment/mobile money. It specifically made inquiries if low functional
literacy in terms of skills and comfort levels in the use of mobile phones forms a
barrier in acceptance andusage ofmobile financial services (mobile payments/mobile
money).

Questions included demography profile and awareness and usage of phone
features. These included:

1. The type of (basic/feature or smart) mobile phone they have?
2. If they have data/Internet connection on their phones?
3. If they used the phone book/contact book for making a phone call?
4. If they use SMS for messaging?
5. If they use social media such as YouTube and Facebook on their mobile?
6. If they have mobile payment/money apps installed on their mobile phone?

After the interview, the participants were asked to perform specific tasks on their
mobile phones to assess their comfort using the phone features. The researcher made
direct observations and noted down their engagement. These tasks includedmaking a
phone call using a phone book, storing a phone number in their phone book, sending
an SMS, using mobile internet, watching a YouTube video, posting a video/ photo
on their Facebook timeline and sending/forwarding a WhatsApp message.

Results/Findings of study 1
Types of mobile phone: Out of 121, 36 males (49%) and 33 females (69%) own
a basic/feature phone, whereas 37 males (51%) and 15 females (31%) owns a
smartphones.

UI Language Selection: Hindi is the choice of UI language selection across the
users irrespective of their literacy profile. 91%of themhaveHindi UI on their phones.

Access to the internet on mobile: 81 of the 121 respondents (65%), 53 males
and 28 females could access the Internet on their mobile phones. We noted that
schemes that offered free or a low data fee plan by the mobile service providers had
considerably increased intranet access on mobile among this population segment.
Nearly, all the respondents (except four) have Internet facilities provided by JIO
mobile service.
Usage of Mobile Phone Feature including Calling, Phone Book and SMS

Chart 6.1 summarizes the literacy usage patterns of mobile phone features. Chart 6.2
summarizes the profession-based usage of mobile phone features.

Chart 6.1 indicates that respondents with high literacy levels have higher usage of
mobile phone features, especially phone book and SMS, compared to those with low
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Chart 6.1 Literacy profile-wise usage of mobile phone features (Male & Female)

Chart 6.2 Profession-wise usage of mobile phone features (Male & Female)

or zero literacy. Similarly, Chart 6.2 indicates that the security guards have a higher
comfort level in using features like phone book and SMS than other vocation.

Out of 121 respondents, only 66 (55%), 48 male, 18 female, reported using a
phone book to call, and except one female, all others were able to make a phone call
dialling a number from the phone book. However, when asked to store a number
in their phone book, only 42 males (88%) and 11 females (61%) could do this. We
were told that their family members/friends had helped them store the phone book
numbers. Their phone book consists of very few contacts limited to family members,
friends, employers, and suppliers/contractors.

Usage of SMS: 31 (25%) respondents (22 males, 9 females) claimed using the
SMS, however, when they were asked to send an SMS, only 15 male (69%) and
6 female respondents (67%) could do it. We observed that they had no difficulty
accessing SMS, but they had difficulty entering the text using the keypad due to low
literacy and not knowing the script and constructing the words.

Usage of Social media platforms including YouTube, Facebook and WhatsApp
on Mobile

Chart 6.3 summarizes the literacy-based usage of social media apps, and Chart 6.4
summarizes the profession-wise usage of social media apps on a mobile phone.

YouTube: 48 male (59%) and 18 female (22%) respondents reported using
YouTube for watching videos and movies for entertainment purposes.
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Chart 6.3 Literacy profile-wise usage of social media apps on a mobile phone (Male & Female)

Chart 6.4 Profession-wise usage of social media apps on mobile phones (Male & Female)

Chart 6.3 indicates that respondents with high literacy levels have higher usage
of social media apps, including YouTube, Facebook and WhatsApp, compared to
those with low literacy. Chart 6.4 indicates that street vendors and guards have a high
usage of social media apps on mobile and WhatsApp has high usage among street
vendors.

Facebook: 21 male (26%) and 16 female (10%) respondents reported using Face-
book and all except two (male and female each) were able to show their FB timelines.
Facebook usage seems to be limited to entertainment (watching/sharing videos).

WhatsApp: 40 (49%) male and 18 female (33%) respondents reported using
WhatsApp. When asked to send a WhatsApp message/image, all (except 3) could
do that successfully. For them, WhatsApp is the primary medium to share images,
videos, and messages with their family and friends. The self-employed respondent
reported using WhatsApp to communicate /share with their customers.

Usage ofMobile Payments (BHIM/Paytm): Inspecting the respondent’s mobile
phones,we found that of 27 respondents (19males, 8 females) have amobile payment
/money apps (Paytm or BHIM) installed on their mobile phone, however, only 14
respondents (10 males and 4 females) reported at least one transaction using mobile
payment/money. They mainly use the mobile payments/money app is for receiving
rather than making payments. The respondents did not indicate any preference for
receiving payments, and they generally go with customer choice of payment mode,
fearing they may lose business by not accepting their preferred payment mode.
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6.4.2 Study 2: A Study on Understanding the Features
and Functionalities of BHIM and Paytm Wallet

This study aimed to understand the prerequisites (hardware, software, regulations,
etc.) and steps/process for registering and using “BHIM” and “Paytm Wallet” and if
these prerequisites and processes serve as barriers in acceptance and usage amongst
the urban poor user segment. This study conducted secondary research that included
gathering information sourced from user guides and support information available on
BHIM, NPCI, Paytm and other related material, including papers/articles available
in the public domain. This was followed by a study of BHIM and Paytm, considering
that they are the two most popular mobile financial service providers.

6.4.3 Results/Findings

Prerequisites for using the BHIM and Paytm.

• Both BHIM and Paytm offers services in versions that do not require access and
connectivity to the Internet.

• In instances where there is no access to the Internet, the user needs to dial *99#
using anymobile phone to initiate the setting up process and accessBHIM features
over the phone.

• BHIM serves as a gateway for the user to transfer money from bank to bank. This
aspect is limiting since the user should mandatorily hold a bank account to use
BHIM for financial transactions.

• While having a bank account is notmandatory for transferringmoney using Paytm
wallet, the user needs to access a formal financial service to transfer money into
their m-Wallet. Only after loading the money in the m-Wallet can one use the
same for sending or paying money using Paytm.

• The precondition of having an active bank account and access to a formal source
to load money is a significant barrier in using these by the urban poor.

User Interface (UI) of BHIM App and Paytm Wallet App.

• The multilingual user interface adds to higher usability.
• The UI of the opening screen of BHIM is much straightforward than Paytm.
• Paytm Wallet has links connecting it to other in-house E-commerce portals and

shows on the phone screen UI elements for many different services like bill
payment, ticket booking and online shopping. This makes it more matched to
suit the needs of more diverse socio-economic user groups. It, therefore, is not
sharply targeted for the urban poor population. This also makes the UI more
complicated and a limiting factor for the population with low literacy.
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6.5 Discussion

Our two studies show very high usage of mobile phones among the economically
poor in India. This user segments of the urban poor are indeed very comfortable
using mobile phone features and apps. Self-entertainment and communication using
social media applications such as YouTube, Facebook andWhatsApp are its primary
use among this targeted population. The mobile phone facilitates staying in contact
with family members [28], enabling social bonding through messaging services,
networking for sustaining livelihood by presenting work samples, product images,
and taking orders from customers. Meeting these targeted user groups’ needs is the
prime driver in using the mobile phone as an enabler among this targeted population.

The user perceives mobile phone usage as a change-maker in their economic
and social situation, making them feel more empowered and equal [29]. WhatsApp
remains their popular choice and is widely used for sharing photos and videos with
their family, relatives, friends and peer group. Among street vendors and micro-
entrepreneurs, WhatsApp serves as a useful tool for carrying out their vocation or
business activities by sharing work samples and receiving delivery orders. Their
WhatsApp communication exchanges are limited to the sharing of images andphotos.
However, many respondents have used WhatsApp’s voice message feature, making
it easy for those who have limitations in writing using script due to their low literacy.

Considering the frequency of mobile phone features and mobile phones, it is
evident that the users’ have high functional literacy in using amobile phone.However,
mobile financial services, such as mobile payments/ mobile money, are still minimal
among this population and relatively marginal. The push from the customer end to
accept digital payment and the fear of losing income opportunities form the critical
driver in registering for the mobile payment/mobile money platform. Even in these
instances, they use the mobile payment/mobile money platform largely restricted to
accepting money. Market demand primarily drives these economic activities.

The monetary loss due to the fee charged for transferring money from mobile
wallets to the bank also drives them to use the mobile payment to make the payment.
Both these cases highlight a pushmethod or fear factor that seems externally imposed
rather than self-motivation as the resulting cause for mobile payment/mobile money.

Addressing our research objective 1, “if the functional literacy of using a mobile
phone has any implication on the acceptance of mobile financial services,” Our study
indicates that the comfort level in using the mobile phone is primarily to fulfil the
day-to-day communication, entertainment and business/vocational needs among this
targeted urban poor user segment. The phenomenon of the digital divide seems to be
non-existence in this case. However, our study also indicates that low illiteracy levels
among the user segment result in certain limitations in using SMS features, such as
sendingmessages using SMS, creating a group on Facebook and difficulty navigating
the user interfacefiling long forms.Limitations are reflected in theirwriting inabilities
and understanding of finance—prevalent in this user segment [21]. In contrast, our
study also confirms that functional literacy related to other mobile phone communi-
cation and entertainment features and services is high among the targeted population.
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This ability does not impose a barrier but promises a high potential in acceptance
if the design can factor some of these shortcomings in planning suitable modes that
make the usage of mobile payment/money acceptable to these users’.

Our second study in seeking answers to research objective 2 and 3 viz.—“if
prerequisites for using BHIM and Paytm” and “What Useful means to the urban
poor in the context of mobile financial services,” respectively indicate that BHIM and
PaytmWallet facilitate cashless transactions for the users. However, both the apps do
not offer enough help and motivation for the targeted population who are more often
unbanked or do not have access to formal financial services. These user segments
have limited access to money due to their low and irregular income. Therefore,
the “usefulness” of the mobile financial service (mobile payment/mobile money)
is directly linked to the demand side’s socio-economic attributes. The interaction
involved in making a payment using the “Paytm Wallet” involves only scanning,
making it simple to use. However, other monetary transactions involving money
transfer into the Paytm Wallet or from Paytm into bank account prove restrictive, as
they are required to fulfil any two of the following three prerequisites, namely

1. The person should necessarily have money.
2. The person must have either his bank account or formal financial services.
3. Alternatively, request others to transfer the money into the wallet.

These prerequisites prove to be impeding barriers to the acceptance and usage of
mobile payment/mobile money for the economically poor user segment. As stated
earlier, Paytm also charges a fee for transferring money from the wallet to the bank
account. This aspect further discourages these low-income earnerswho feel burdened
in paying this fee for transferring their hard-earned money into the bank.

The observation and findings indicate that the mobile financial services available
are not very useful and usable for the targeted urban poor population, as they do
not seem to model the offering from an understanding of the user and their real-
world, day-to-day financial needs. This calls for a critical need for a human-centred
design-led intervention applying empathy, and bottom-up approach for designing a
mobile payment/ money service focused on day-to-day financial transaction needs
and barriers of low-income/urban poor population. Designers engaged in outlining a
businessmodel aimed at such a large urban poor segment arewell-advised to factor in
the above strengths and limitations of this real-world consideration while designing
financial service offerings that meet the aspiration and real-world needs of this user
segment. Micro-financing needs, ease of communication, perhaps with voice-based
interfaces and utilitarian patterns of financial features may offer better chances of
accepting and adopting these services among the urban poor.
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6.6 Limitations and Future Scope

This study forms a part of a self-funded doctoral research study. The financial
and human resources were minimal; hence, field studies were limited to qualita-
tive studies within the Delhi and NCR region undertaken with limited sample size.
The insights are drawn based on firsthand face-to-face interactions with this identi-
fied focused group over four months. The study exemplifies an approach that offers
scope for conducting a more extensive study across cities for validation and pan
Indian coverage.

6.7 Conclusion

This study examined the low acceptance of mobile financial services, including
mobile payment/money being offered by BHIM and Paytm, to the targeted user
comprising India’s urban economically weaker section. The study considered under-
standing this from two perspectives. Study 1 examined it considering the targeted
user segment to understand their patterns in the value they attach and the socio-
economic drivers in owning a mobile phone. Secondary research indicates the stag-
gering increase and the enormous potential such a segment can offer to businesses
should they make some interventions in packaging their services that suitably match
this potential segment’s aspirations and needs. Usage patterns of mobile phones
indicated that their usage is limited to interpersonal communication, keeping them
connected to their family, friends and stakeholders related to their vocation and their
personal economic growth in the environment of a competitive urban landscape. The
other draw toward ownership is the ease of access to content that meets their enter-
tainment aspirations, including downloads of music and films. However, a platform
that offers ease of access to financial services and monetary transactions through a
digital platform can be a significant economic game-changer and is still seen with
suspicion and discomfort. It also pointed towards the economically weaker section
being illiterate. Navigating through the different layers of information, data entry
required to use the present features proved taxing to the user and resulted in the
rejection.

Study 2 primarily shifted focus to address the reasons for this lack of enthusiasm
among the targeted user segment to understand those shortcomings that are presently
being offered by two popular service providers in India—BHIM and Paytm. These
two platforms were examined, referring to literature and conducting direct observa-
tions of use case scenarios with participants from the targeted audience. There are
pointers that these services are more suitable for the educated and digitally literate
segment comprising a large section of the middle-income group.

So, from our studies, we recommend the following:
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1. Develop a suitable app that creatively outlines a profitable business model that
offers features that match the identified needs of this potentially large section
of urban low segments living in our ever-expanding urban cities.

2. Develop appropriate UI design that matches culturally identifiable icons and
motifs related to financial transactions, factoring illiteracy among them.

3. Build in a component of human interaction in the form of an avatar into the
interface to build effective verbal communication to make the financial service
more personalised and suspicion free with the target user segment. This feature
of personalisation may enhance its usefulness.

In conclusion, our study indicates a human-centric approach to understand, iden-
tify, specify and develop mobile financial services that meet the targeted segment’s
primary needs for their acceptance and success in terms of use and perceived use.
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Chapter 7
Bridging the Gap Between Service Design
Specification and Technical Specification

Ravi Mahamuni, Supriya Mantry, and Mayur Jadhav

Abstract Well implemented services canhave a transformative impact on anyorgan-
isation. The implementing team receives service design specifications once the design
phase is complete. These specifications include blueprints, storyboards, touchpoint
guidelines, among many other custom artefacts. Implementation of technical touch-
points, as envisaged by the designer, will bring the experience alive not only for
service users but also for all stakeholders, including those from the service provider.
However, after the handover, inconsistencies may often be introduced during the
development of touchpoints. The touchpoints may differ from the designers’ original
vision and affect the stakeholders’ unified experience. The place where touchpoints’
implementation went wrong is hard to trace. Hence, the long-term involvement of
the designers with the development effort is recommended but may not always be
feasible. The handover process, and the form and content of the service specifica-
tions are critical to reducing the strong dependency on the designers post-handover.
In this paper, we propose a framework to map service specification to technical
specifications, focusing on traceability and completeness. After scrutinising various
technical specification templates to find the essential components, these components
were mapped directly or indirectly, by diving deep into multiple artefacts of service
specifications. Mapping this extensive technical specification with design specifi-
cations early in implementation makes it comprehensive and complete. They are
hence reducing the dependency later in the implementation cycle. Such a technical
specification document leads to seamless implementation.
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7.1 Introduction

Organisations are getting attracted to service design due to its systematic, holistic,
user-centred and interdisciplinary nature. One of the ways to define service design
is, it is designing experiences that happen over time and across different touchpoints
[1]. Holistic service experience is given by an ecosystem of these touchpoints, inter-
acting with the service user or with each other. One touchpoint cannot ensure the
complete service experience in silos [2], making it necessary that they have excellent
communication and maintain the same standard of experience.

We can broadly divide touchpoints into technical, human and physical touch-
points. Here, technical touchpoints consist of mobile application and web portal,
although sometimes the product itself is a technical touchpoint. Furthermore, with
new devices and innovations, almost all services have one or many technical touch-
points, providing varied channels and giving more personalisation and owning to
the user. The interaction of a customer with these touchpoints is a critical defining
stage of the customer’s journey with the organisation [3]. From an implementation
perspective, this paper is focusing only on the specifications of technical touchpoints.

The methodology used to carry out this research is as follows:

• Identify the gap and issues faced in the handover from a service design team to
the implementation team, through practitioner experience and literature.

• Hypothesise a framework to bridge the gap between the service specifications and
the technical specifications.

• Use the Reverse Cases Study Mapping method [4] to map the findings from
inhouse ongoing service design to the proposed framework to identify the gaps,
if any. This method helps to validate the framework during the initial phases of
evolution.

7.2 Technical Specification

At the beginning of traditional methodology for implementing technical touchpoints,
system or software requirement specification (SRS) documents, also known as tech-
nical specification, are created. SRS is a document(s) that describes the features
and behaviour of the system or software. With development teams moving towards
agile methodology [5], the way documentation and capturing of requirements is done
have evolved. An equivalent of SRS in agile methodology is the product backlog.
The product backlog is a full list of requirements (called user stories) for a system,
ordered by priority.

One of the early definitions of requirement is stated by Ian Sommerville and Pete
Sawyer [6].“Requirements are a specification of what should be implemented. They
are descriptions of how the system should behave, or of a system property or attribute.
They may be a constraint on the development process of the system”. This definition
imbibes all the aspects of requirement from the feature, behaviour to constraints,
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required for implementation. While implementation doing the right things as well as
doing things right depends on the quality of the stated requirements.

Characteristics. The importanceof technical specificationhas alreadybeen estab-
lished by researchers and practitioners alike.Accessing quality has been of significant
importance that industry standards from the eminent IEEE 830-1993 [7] to the more
recent ISO/IEC/IEEE 29148-2011 [8] have been created.

The following are the essential characteristics of technical specifications:

• Complete—The requirement should not need any explanations to describe its
capability and features.

• Unambiguous—The requirement should be stated in such a way so that it can be
interpreted in only one way.

• Traceable—The requirement should be upwards traceable to specific documents,
highlighting user needs.

• Verifiable—The requirement should possess the ability to be checked, proving
the system satisfies the requirement.

Content. Every implementation team has one ormore templates selected for SRS.
Many templates are available from ISO and various sites, with ample flexibility to
adapt to the team needs. By analysing many such templates [8–11]. We listed some
of the most common components available in all templates and which are needed
from a completeness perspective in the traditional framework. Table 7.1 explains the
components identified.

In agile software development, vision document and product backlog contain
these parts individually or in combination. The roadmap and release plan are also
decided at inception.

7.3 Service Design Implementation

A great design can only be fruitful when it is implemented and provides the outcome
as designed.However, service designers have been criticised for lack of creative skills
to facilitate service implementation [12], leading to more services on the drawing
board rather than enhancing the users experience on the ground. The implementation
of service design is different from various other design fields. Products and services
share similar characteristics [13], but service design is broader, holistic and co-created
which differentiate it with one-time focused product design. In terms of complexity,
a product’s response to any input from the user is predictable. However, in service, it
depends on multiple interactions between the service user, service staff and various
touchpoints. In product design implementation of the outcomes starts in early phases.
Implementation of service can be placed at various stages of service design.However,
it can also be said that implementation has to be in the later stage of service design
as it requires adaptation of generic service resources that are the outcome of a design
process [14].
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Table 7.1 Requirement document components

Requirement document components Explanation

System purpose It covers the expectation of the system that
needs to be built. Key components of this
section include definition, vision, system
overview and references

Scope/Exclusions It covers the benefits, objective and goals of
the system. It can also specify the exclusions
explicitly

Policies/Regulations/Constraints It covers all the policies from the external
environment (laws, standards,
physical/natural environment), organisation,
business and so on

User characteristics/Actors These are user classes and characteristics
such as, educational level, experience,
disability, technical expertise that may affect
the working of the system

Functional requirements These are all the functions and behaviour a
system is supposed to perform

Non-functional requirements/Quality attributes This specifies criteria that are used to judge
the complete system, rather than its specific
features/behaviours

External interface requirements It consists of all interfaces to elements which
are required by the system to provide a
functional/ non-functional requirements

There are very few studies on how the design phase can be systematically
connected to implementation, especially for technical touchpoints. However, for
human touchpoints, some studies are done for engaging and informing people
(human touchpoints) using change management and human-centred principles [15].
Also, in the product-service system, how human-centred approach can help the
networked collaboration for development [16]. Thus, showing how change manage-
ment and networked collaboration can be a starting point for technical touchpoint
implementation.

7.4 Problems in Handover

Generally, the ‘double diamond design process’ is followed in service design [17].
The last diamond ‘deliver’ where the service is realised to launch, is where the
handover occurs for implementation. Many methods and tools have been proposed
for discovering insights, defining problems, generating ideas, but there are very few
methods available to assist in the implementation of service design. Various service
design artefacts, as listed inTable 7.2 are generally handed over to the implementation
team.
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Table 7.2 Service design artefacts used for handover

Service design artefacts Sources

Service blueprint [17–21]

Service roadmap [18, 19]

System map [19]

User stories/Design scenarios [17, 19, 20]

Business model canvas [17, 19, 20]

Live prototypes (theatrical, desktop walkthrough, staging, roleplay) [17, 20]

Customer lifecycle map [20]

Storyboards [20]

Based on the literature and reflection of our multiple service design projects
executed during the last few years, following is the list of most significant problems
during the handover of service specifications to the technical team.

Lack of actionable details. Artefacts such as service blueprint were adequate
for older services where encounters were straight forward. Most services today are
highly complex, which usemultiple technical touchpoints, making service blueprints
long and complicated. There are attempts to enrich the service blueprint with the
various notations to represent such services [21]. It is also well acknowledged that
long and complicated services make it difficult to comprehend and analyse [22]. The
receivers of service design specifications, that is, the implementation team have also
shown their confusion while getting started with these long, complex artefacts [23].
The artefacts such as service blueprint show interactions of all touchpoints involved
in an encounter, making it challenging to carve out specifications of a touchpoint
and its interactions with others. Although service design is considered as a process
[24] rather than just the list of features, it is difficult to absorb and pass it to the
implementation team.

Lack of traceability. The design decisions and ideas in service design are based
on the knowledge and understanding of insights thatwere uncovered. This knowledge
is built mainly in the early phases, using various user involvement methods [20]. A
deeper understanding of this knowledge resides with the designer and is reflected
in the decisions taken to reach the final design. The artefacts created at every stage
of design are the outcome of knowledge acquired. It is also emphasised on how
the insights and its evidence should be backwards traceable to either reaffirm the
outcome or to understand when service might have started to fail [25].

When implementing technical touchpoints, traceability become a vital charac-
teristic [8]. Tracing back of any feature in service can give insights related to the
objective or concerns of users which lead to the feature. Designers take design deci-
sions for any feature after a deep understanding of the user, which implementers
might be unaware of, these design decisions need to be connected with the insight
behind it to communicate rationale [26]. Traceability in service is also essential to
coordinate and align, how service is designed and how it is implemented, which is
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crucial [27]. Currently, the deliverables at the handover process are the result of the
complete service design process and give a complete view of service, thus leaving the
knowledge and user insights with the designer. In agile methodology, where imple-
mentation is done in sprints and requirements are kept as a live document which can
change if there is a change in user need or market, complete traceability of every
requirement to the insight which leads to it becomes critical.

Lackof touchpoint specificqualitymeasure.While designing any service,many
quality aspects are identified. In the technical implementation, these quality aspects
are termed as non-functional requirements. Addressing non-functional requirements
is already tricky in implementation [28]. Quality aspects in service design can
be expressed in blueprints by adding quality measure swim-lane [29]. These are
the factors that measure the success or value of interaction/encounter. The quality
measure is defined for one touchpoint but could be affected by one or many touch-
points or its features involved. Adding to this ambiguity of what quality aspects
are stated for which touchpoints, the blueprint also fails to accommodate how vital
the aspect is [22]. Consider it with an analogy of a coach and a team of football
players. A coach can place an individual player on a specific location by gauging
his/her strengths. However, it is the coordination between the strengths of all players
which, when used cumulatively leads to an overall victory and not just the individual
performance of the said player.

7.5 Current Solutions for Better Handover

Researchers have started looking into this grey area of implementation in the service
design process [30, 31]. Execution-based implementationmethods for service design
requires more focus and study [32]. Following are some of the proposed directions
which are being followed to realise the implementation of the design along with its
limitations.

Co-creation and visual language. Co-creation of any service involving multi-
disciplinary team is long-discussed to give a common understanding of the service.
This, with visual language, has proved to develop a shared understanding and can
help to work in one direction while implementing the service [30]. While co-creating
transferring individuals’ knowledge into innovative outcomes needs careful selection
and of team members based on their domain and motivations [33]. However, little is
known about the optimal degree of heterogeneity and the optimal degree of shared
understanding [34]. Collaboration, on the other hand, has challenges such as conflict,
disagreement in the team and slow decision-making. Unless these challenges are
overcome, collaboration is likely to fail [35].

Designer involvement in the implementation. To solve the root cause of
handover, the involvement of a designer in the implementation process seems to be
suitable for seamless implementation. However, practically it varies from an active
participant, helping and evaluating touchpoints at all steps to just a handover of
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service design artefacts. However, it is debated whether the implementation respon-
sibility of the designer, what are the new skills designer will be needed to learn in
order to facilitate successful implementation [14].

Service implementation a part of the service design phase. Timely articula-
tion of how to implement and what resources need to be shaped can be helpful for
successful implementation. This also takes into consideration or co-creation that we
discussed above. Ignoring the challenges, even if the implementation is made as
a concept part of service design, the involving parties still pose a risk of viewing
incomplete future service in place and defining the resources which might be needed
to shape it [30]. Hence, defeating the purpose of better and fast implementation.

User Experience (UX) team as a bridge. Depending on the organisation, UX
designers can highly be involved in a service design project and helping with vali-
dating difficult concepts with prototypes making their connection with both strategy
and implementation. [36], thus making them an excellent bridge to connect service
design to implementation. Thismakes implementationmore dependent on some team
rather than the artefacts created, risking the task if UX designer leaves the team.

7.6 Proposed Solution

With all the problems in handover discussed above and the limitations of currently
available solutions, we focused on two primary goals. First, to maintain that the tech-
nical specification created remains traceable, complete, verifiable and unambiguous.
Secondly, to make sure that the designer is not overburdened by learning and concep-
tualising new artefacts altogether. While coming up with the proposed solution, the
main criteria was to how we can come with a new framework which does not replace
the current service design artefacts but work seamlessly with them.

To introduce traceability, as shown in Fig. 7.1, it is critical to understand the
progression of service design specification into the technical specification. Service
design starts with the initial design brief and gets refined into the design brief
after understanding the problem space. This refined brief gives the design direc-
tion during the service design life cycle. The ‘problem space’ is where the stated or
latent intents, concerns and constraints and the resources available with all the stake-
holders, are discovered and explicitly mentioned. CraftChange Empathy Square [37]
helps to identify the critical stakeholders. After understanding the problem space,
during the ‘ideation space’, the ideas are generated considering various personas,
scenarios and user journeys that emerged by analysing of data collected during the
user research phase of the service design life cycle. Initially, ideas may be discrete
and need to be converted into service concepts by methods like clustering. These
service concepts are individually and holistically specified in the ‘Service definition
space’. The service specifications contain elements such as policy changes if any,
process changes if any, the details of human touchpoints (e.g. service staff), tech-
nology touchpoints (e.g. mobile application) and physical touchpoints (e.g. flyer).
It also provides details of interactions among various touchpoints and service users,
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Fig. 7.1 Progression from Service design specification to Technical design specification

servicescape, that is, physical layout if required, the list of failure points and associ-
ated recovery services, and the required ecosystem of internal and external elements.
The next ‘solution space’ provides details of various touchpoints along with their
interconnections. The expectations, concerns and constraints of various stakeholders
help to derive the quality attributes of the designed service system, e.g. turnaround
time and scalability. The ‘solution space’ also provides detailed, layered information
about each technology touchpoint which includes the interaction layer, functional
layer and communication layer. Here communication layer details how the tech-
nical touchpoint will communicate with the other elements of the ecosystem at the
backend. These layers help to arrive at the implications for the existing operational
infrastructure if any. This space provides the details related to recovery mechanisms
required to handle the various service failure points.

As shown in Fig. 7.1, the specifications get detailed and realisable while moving
from left to right, i.e. progression of service design life cycle. The next section talks
about the validation of our hypothesised framework.

7.7 Case Study—Mobile Application for Lateral Hiring

The Reverse Cases Study Mapping method is adopted from the ‘Retroductive’
method [38]. As part of the Reverse Cases Study Mapping method [4], there is a
need to map the findings from the practice to the proposed framework to identify
the gaps, if any. This method helps to get close to the real-life successful or other-
wise examples depending upon the context to validate during the initial phases. It is
supposed to be a quick and effective method to validate the framework for its appli-
cability in practice. With one of our service design for lateral hiring and on-boarding
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process, a mobile application was playing a crucial touchpoint, being used in most
of the service encounters.

Lateral hiring is one of the ongoing processes in our organisation, involving many
different stakeholders. Candidate, Acquisition team, Human resource and Project
team were the most significant stakeholder. However, the Security team, Facility
team and Administration team also were identified as crucial stakeholders as well as
human touchpoints while defining the service. Amobile application allowedmultiple
human touchpoints to connect across service, becoming too complex to understand
from mere service blueprint. Hence, as a proof of concept, we developed a working
prototype of the mobile application. As an output of this service, a package of service
blueprints, personas, ecosystem and user journeys were created.

As part of the reverse case study mapping process, we tried to map the technical
specifications using the given framework to check for the traceability. The following
components of the requirement document were extracted from in-process artefacts.

• System purpose—Using design brief/ re-designed brief and Intents
• Scope—Concerns and Resources identified while defining problem space
• Policies—Policy changes and Process changes identified while defining service

definition space
• Constraints—Constraints identified while defining problem space
• Actors—Persona identified while defining idea space
• Scenarios (user stories)—Scenarios identified while defining idea space
• Functional requirements—Interaction layer, Functional layer, Communication

layer identified while defining solution space
• Non-functional requirements—Quality attributes, Ecosystem and Infrastructure

implications identified while defining solution
• External interface—Ecosystem identified while defining service definition space
• Failure points—Recovery mechanisms identified while defining solution

While doing reverse mapping, these components made a clearer picture from
an implementation perspective. This also helped to trace the reasons for any busi-
ness justifications for a specific feature in the mobile application. For example, in
the technical specification, there was a change in policy where a candidate wants
to apply for a job vacancy through his/her friend working in the same organisation.
This framework gave an easy way to trace back to every detail for that policy change.
Figure 7.2 explains how policies defined in the requirement document was defined in
service definition space, and it was based on personas (candidate’s friend), scenarios
(applying the job for a friend), concerns (help the friend) and constraints (unavail-
ability of candidates’ personal information). Thus, making the change in policy’s
intent clear.

It helped to validate the traceability using the proposed framework as well as
find out the missing elements in the technical specification. Interestingly, it also
helped to understand the rationale behind the features mentioned in the technical
specification. When this framework was showcased to the technical team, they felt
that this framework would help to provide traceability, check the completeness of
technical specifications as well as understand the spirit and rationale behind the
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Fig. 7.2 Traceability for Policies in the Technical specification

technical specifications. Generally, the technical team is not so conversant with the
whole picture of the proposed solution. However, the team felt that this framework
would help them to understand it very quickly and comprehensively. These are early
findings and need to be validated inmultiple real-life projects and refined accordingly.

7.8 Conclusion and Future Work

With the availability of new devices, more services would be based around technical
touchpoints. For the translation of proposed design to implementation such that expe-
riential and effectiveness parameters are achieved as expected;withoutmuch involve-
ment of the designer, there is a need for seamless handover.We tried to bridge the gap
to form a traceable technical specification. Since the process led to an increase in arte-
facts, managing versions and traceability becomes very effort-intensive. Moreover,
complex projects having an ecosystem of the interconnected touchpoints, manually
connecting and tracing each designed requirement to the features in touchpoint is
not feasible. Hence, there is a need for a formulated tool easing the process and
keeping the traceability intact. Along with a tool, there is a need for a behavioural
shift on both the sides; service designers and technical touchpoint implementers, to
realise the potential of service design. As a proof of concept, we created the proto-
type of the mobile application, to show the effectiveness of the service and to give a
starting point for implementation, the only handful of features were prioritised and
developed. This prioritisation is also needed for the agile framework, helping to give
priorities to features. The artefacts, like a roadmap, which are not frequently used
in the handover, also need to be discussed for converting service specification to the
agile framework’s product backlog. This is a significant step in bridging the gap but
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need further exploration.We are planning to use it in multiple service design projects
to check its applicability.
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Chapter 8
Service Design for Scale—Overcoming
Challenges in Large-Scale Qualitative
User Research

Ravi Mahamuni, Shivani Ganwani, Sylvan Lobo, Bhaskarjyoti Das,
Radhika Verma, Ulemba Hirom, Supriya Mantry, and Mayur Jadhav

Abstract Services must scale up to meet the varying contexts and demands of
diverse consumer groups, especially for global consumers, citizen services andorgan-
isational services. To enable services for scale, the activity of service design must
scale up concernedprocesses, tools, techniques andpeople.Beyond traditional design
approaches, rather than depending on a handful of designers and stakeholders, we can
reap benefits of a more significant number of people and designers, across regions,
and considering a wide variety of issues, users and methods to inform the design of
the services. In this paper, we deliberate on this conversation of scaling service design
by primarily considering the phase of primary research, specifically qualitative user
research. Although qualitative user research is accepted as an academic approach,
it is often questioned on the grounds of validity and practicality of logistics. When
considering service design for scale across very diverse user groups, data saturation
may be challenging to achieve with a small number of samples. We argue that it is
necessary to tacklemore extensive qualitative studies if wewant to scale up designing
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for services, with technology as an enabler. We highlight this need for conducting
large-scale qualitative studies while covering theory and critique in literature and
propose some of the approaches we have attempted in our service design practice.

8.1 Introduction

Modern complex services are continually innovating to cater to a high volume and
variety of consumers. Such servicesmay include public services that need to reach out
to all citizens, or consumer services like online shopping and door-to-door delivery
platforms. These services need to consider regional variations in culture, laws and
prevailing trends in order to provide better services. Further, employee services in
large multi-national and multi-cultural organisations also must address issues of
scale, plurality and complexity in order to cater to the needs and concerns of the
entire diversity of its workforce. Service design for such large heterogeneous target
population requires special attention to the scale involved in its approaches, and there
is a growing demand for its application on a larger scale [1] to arrive at effective
solutions and offerings.

Service design as a discipline is continuously evolving its processes and tech-
niques to increase its application at large scale. In the effort to scale up design activi-
ties for the development of large-scale services, the traditional design processes and
techniques may face bottlenecks. One challenge is to conduct user research activities
for a large sample of the target population in the service design lifecycle.

In the design of large-scale services, connecting and collaborating with users are
challenging as the user base is large, geographically widespread and has a wide
variety of needs and problems. As service design practitioners, performing qualita-
tive studies for a large number of geographically dispersed users is time consuming,
rigorous, and resource-intensive. Service designers need to be enabled to plan, collect
and analyse large-scale data. They need to maintain standardisation of process,
necessary rigour, comprehensiveness in quality and traceability of research data.

The research question in focus, in this paper, is how to conduct qualitative user
research at large-scale effectively, for service design. We discuss the literature on
performing qualitative user research at scale and the related issues and opportuni-
ties. We followed specific hypothesised approaches and techniques in service design
projects in our organisation to conduct qualitative user research at scale. We have
outlined our reflections from these case studies and learnings from literature. Our
research opens the discussion for developing tools and approaches for successful
large-scale qualitative user research meant to enable service design at scale.
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8.2 Literature Review

User research, including various qualitative methods like user interviews, obser-
vations, focus groups and ethnography, is an essential part of the service design
process to arrive at an empathetic understanding of users. The scope of user research
in service design remains broader than other related design fields. Besides developing
and understanding of service users, it includes arriving at an understanding of the
context, physical infrastructure, processes and activities of human touchpoints and
other stakeholders. Since the focus of service design lies on addressing the holistic
end-to-end journey experience rather than individual touchpoints alone, qualitative
user research in service design plays a crucial role to take a deep dive into the
journeys of all service stakeholders. It allows us to understand their perceptions,
beliefs, attitudes, values, opinions, behaviours, social and cultural aspects.Qualitative
research helps challenge preconceptions and reveals newer perspectives, making it
widely adopted by researchers and practitioners to address challenges associatedwith
increasingly complex services and wicked problems [2]. Qualitative user research
basis is in interpretivism, constructivism and inductivism [3]. It usually does not
focus on generalizability but rather on developing a rich and in-depth understanding
of people’s lives. Hence, it is often acceptable to conduct with small sample size.
However, it is often questioned for lack of transparency about the research process
including sampling design, recruitment of respondents, and data analysis and inter-
pretation processes; the variable nature of qualitative data; possible cherry-picking
of examples and quotations; the lack of opportunity to verify or replicate the research
and reliability of data [4]. Qualitative user research faces similar challenges in the
management field too such as lack of standardisation in methods and techniques of
data collection and analysis, reflexive research design and accepted researcher bias
[5].

There are approaches and frameworks to ensure the quality of qualitative user
research based on criteria such as credibility, transferability, confirmability and
dependability for establishing trustworthiness [6–8]. Mays and Pope [9] discuss
how reliability, reproducibility and validity of qualitative user research findings can
be achieved through a systematic and documented approach, expert review, and
triangulation considering many alternative sources of data.

Some qualitative researchers believe that collecting extensive data does not define
good research indicating that rather than the big or small size of data, what matters is
how the data is utilised [10]. At the same time, researchers also find value in engaging
in large-scale qualitative user research.They have emphasised the importance of both
quantity as well as the quality of the data. Funded projects often focus on large-scale
qualitative user research considering it to have more rigour and benefits as compared
to smaller-scale studies [11]. It is argued that quantity is a crucial aspect to support
granular themes from analysis, to strengthen the trustworthiness of the findings and
to provide a sense of completeness [12].

The rapid advancement of technologies such as big data is impacting the way
qualitative user research is conducted, assessed and shared [13]. The opportunity
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of using big data, thick data and open data is being explored mainly in the fields
of service innovation and open innovation; to collect data from various distributed
sources, analyse it in real time and identify underlying patterns [14, 15]. Researchers
strive to achieve the same rigour and quality as established approaches through
improved processes and technological interventions. Large-scale qualitative user
research should focus on aspects such as accelerating the pace of research process,
building accuracy and reliability among insights.

Sampling strategies. The time, effort and resources involved in collecting and
analysing data can be overwhelming and is a significant consideration in deciding
the sample size [16]. Usually, studies are limited to a local population [17] and
small sample sizes of 20–30 or 30–40 which may change as the actual study unfold
[18–20], primarily if grounded theory and theoretical sampling strategies are used.
Here, the initial theory is developed by selecting an initial sample, and the remaining
informants are selected iteratively as the theory develops [9]. Purposeful sampling
strategies [21] are also common for gaining an in-depth understanding of specific
research objectives, rather than generalizability through probability samples. Larger
sample sizes are recommended when informants are plenty and easy to recruit, or
when the group under study has varied perceptions, roles, statuses and problems with
the subject [16] which is often the case in large-scale services. The sample size and
sample should be such that it adequately represents the cases or individuals necessary
to address the research questions and achieve the intended depth in the study [22].

While for a homogeneous target population, the smaller sample size may be suffi-
cient, and for a heterogeneous target population (that large-scale services cater to),
the larger sample size is required [23]. It has been claimed that, while considering
large heterogeneous samples across geographies and demographics, it will be rela-
tively removed from real-life settings, and challenging to find cross-case themes
during analysis. Careful consideration of homogeneity/heterogeneity trade-off is
required to achieve the research aims [24]. Large-scale qualitative research conducted
in a EUROCARE study involving participants across 14 countries indicates that
with resource availability, large-scale qualitative research consisting heterogeneous
sample is entirely possible [25, 26]. A heterogeneous sample is often required
for cross-cultural qualitative research, where individuals from different cultures,
demographics and geographies are selected in the sample in order to look for any
similarities and differences.

Distributing the effort into teams. One way to conduct qualitative user research
at a larger scale is to utilise large teams and aggregate separate relevant studies
together to form a more extensive synthesis [24]. Team-based projects involve many
coordination challenges when a larger number of people perform data collection
and analysis, posing risks like insights being lost in translation to the team [27,
28]. It requires carefully addressing: (1) Communication, coordination and ethical
issues that appear due to a multi-cultural and multi-site study; (2) Issues about the
reliability of data when data passes from one point to the next in the research process
and (3) Difficulties in achieving coherence at the end after dividing tasks among
multiple players [27]. The pairing of researchers is recommended in order to make
sure knowledge is not lost if one researcher leaves.
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Another perspective to scaling user research, especially organisation-wide is to
enlighten and enable the workforce to conduct their user research programs. Organi-
sations seem to be shifting from a single shared user research team to distributed and
trained researchers for each project in order to satisfy the parallel demands ofmultiple
research projects [29]. Pokerface [30] is an internal program in Google to develop
user empathy across multidisciplinary teams of engineers, managers, designers and
enabling them to conduct user research internalising and advocating the learnings
across the organisation. Various organisations adopt such strategies first to develop
awareness, adopt a process and eventually to scale by use of tools and various strate-
gies such as having at least one designer in each team to bring in a user-centredness
[31].

Technology and computation. Approaches other than face-to-face interviews are
commonly adopted, such as telephone interviews, email, instantmessaging and video
conferencing software. Further, researchers are nowdiscussing how sensors and tech-
nologies can be used to gather extensive data, especially in ethnography study of the
product when the product is in actual use [32]. For instance, Paco is an experimental
sampling methodology tool, which enables researchers to design surveys, add trig-
gers, make use of device sensor data and collect quantitative and qualitative data
[33]. Such approaches may be increasingly relevant post the COVID-19 pandemic,
where researchers may want to utilise and enrich approaches other than face-to-face
interviews.

Dealing with sheer volumes of data that get generated through large-scale qual-
itative user research and analysing those to derive insights is a crucial challenge.
Even small sample sizes in qualitative user research can generate large volumes
of data. Therefore, it becomes essential to establish procedures that can handle the
data in its multiple forms [34]. It is recommended to plan and focus on qualitative
data collection and analysis together via the usage of coding frameworks, training
researchers to build expertise in analysing the qualitative data and maintaining an
audit log of data collection and analysismethods [35]. Use of specific tools for coding
and analysis such as HyperResearch, Nvivo, MaxQDA, and AtlasTi is common in
qualitative research. However, these tools are aimed at helping researchers for coding
and manual analysis [36]. Deriving insights from extensive data remains a time and
effort consuming process [36].

Overall, it is found that there is a need for large-scale qualitative user research,
especially for the design and development of effective large-scale services. There are
challenges involved such as (1) lack of time and resources, (2) communication and
coordination among multiple researchers, (3) maintaining consistency throughout
the research process when different researchers are involved in data collection and
analysis, (4) handling massive sets and multiple forms of data, (5) maintaining the
rigour of the process andquality of data and (6) efforts required to analyse voluminous
qualitative data.
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8.3 Reflections on Qualitative User Research from Service
Design Practice

As service design practitioners, we have conducted multiple service design projects
within our organisation. We present some findings here that highlight the need
for scaling up qualitative user research activities across the business, citizen and
organisational services and discuss approaches and challenges to achieve large-scale
research.

8.3.1 Project 1—Designing for an Enhanced Air Travel
Experience

In this service design project, we aimed at enhancing the experience of air travellers at
airports. They could be travelling to and from any corner of the world under various
circumstances—business or leisure, domestic or international trips, short-haul or
long-haul trips, travelling alone or with family or groups, with physical challenges.
To design a seamless and delightful experience for such air travellers, there was a
need to know their current needs and experiences. Since the focus was on experience,
it was required to take a deep dive into the various stories that they might have about
air travel and hence qualitative studies was aimed. The needs and experiences would
vary across age, gender, culture and ethnicity, languages, regions of the world to
which the travellers belong, the purpose of their travel, frequency of the travel, their
health conditions and so on. However, it seemed practically impossible to get access
to such diverse air travellers for conducting qualitative studies in a limited timeframe.

Leveraging large organisation diversity, and their reach to others.We reached out
to the global employee population of our large organisation as it has a global presence
an employee base of over four lakhs with the right gender and age diversity. Many
employees require to travel nationally or internationally, frequently or infrequently
for business purpose, as well as leisure with their friends and family. If we could
reach to the whole employee base of the organisation, we could not only get to know
their first-hand experiences of air travel but also the viewpoints of their friends and
families indirectly. We decided to explore the possibility of considering such diverse
employee population of an organisation as a representative sample of the air travellers
across the world. While the approach will have an implicit bias, skewing towards
salaried professionals, including their families and friends, would help mitigate to an
extent. Additional external participations and triangulation would also be necessary.

Large-scale surveys with open-ended questions enabled with nudges to elicit rich
responses. We decided to roll out a survey which would contain a right blend of
questions seeking objective and subjective responses so that respondents could freely
share their thoughts and experiences. We also decided not to administer this survey
as a form-filling activity but to gamify it such that respondents could feel as if they
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are planning for air travel and going through the process of air travel at an airport.
This could be effective to elicit their past experiences and share those freely with us.

Need for analysis tools.A large number of targeted survey participants and open-
ended responses could generate a large volume of qualitative data which would be
difficult to analyse manually. There was a need of using new modern technology to
analyse the data. Though technology alone may not bring out richer insights, it could
help in activities such as data cleansing, identify useful data and perform partial
analysis of data.

8.3.2 Project 2—Designing for Citizen Services in India

India Post is the largest postal network in the world and one of the oldest citizen
services in India. With its large population, India is known for its diversity across
regions, religions, socio-economic strata, cultures and ethnicity. We undertook this
as an experimental project to reimagine India Post service offerings by applying a
service design sprint approach. This involved various challenges related to diversity,
complexity and large scale. As part of primary research, we aimed at reaching out
to the diverse user population across regions of India, but with limited time and
resources.

Leveraging team’s multi-cultural diversity, and their reach to others. The design
team was formed such that it involved members that were not only from different
disciplines but also belonged to different cultures, ethnicity, and regions in India and
speaking different local languages. The regions that they belonged to also varied in
terms of urbanisation and availability of various facilities. To design for large-scale
complex citizen services to meet the needs of diverse citizen population, we decided
to use the formal and casual acquaintances of this multi-cultural multi-located design
team and reach out to diverse population for large-scale qualitative user research. The
study was conducted with users from different age groups, across gender and some
urban cities and small towns in Northern, Western and North-East regions of India.

Need for ease in reaching out to a large, diverse group. Although the coverage
of complete diversity during primary user research was not feasible due to time
and resource constraints, the study uncovered essential aspects. It developed richer
insights that varied across cultures, age groups, genders, urban and rural regions.
It was evident that reaching out to users in other different regions of India that
are drastically different, could have revealed many more varying needs of citizens,
grounded in their cultures, religions, regions, etc. The study acted as evidence that,
for large-scale services, it is required to reach out to more extensive and diverse user
population in order to meet their varying needs and concerns.
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8.3.3 Project 3—Employee Experience Within
Organisational Services

We engaged in a service design project within our organisation for an employee
service to manage employee concerns. It was necessary to gain an in-depth under-
standing of the system, not just from the employee’s perspective but also from the
perspective of human touchpoints such as personnel from the Human Resources
or administration, as well as organisational leadership. To make informed design
decisions while designing the service, as the organisation is large and spread across
locations, it was necessary to reach out to a large volume of service users and stake-
holders. The chosen sample was spread across multiple regions for regional vari-
ations, and with different characteristics such as age, gender, location, roles, and
the types of employee concerns faced. We aimed at reaching out to 500 employees
and 50 stakeholders through semi-structured interviews rather than quantitative or
written surveys, as we wanted to arrive at maximum actionable insights through this
effort-intensive activity.

Enabling HR personnel to conduct user interviews in a short span. Since the
design team had few members, to conduct 500 interviews, it was decided to take
support from a large team of over 70 Human Resource personnel (HRs). The HR
was already familiar with speaking to employees and were spread across different
locations and were a natural choice. They were trained to conduct these interviews
within their business units.

The structured response format for consistency. The HR was provided with a
structured response sheet to capture their observations. The response format guided
the HRs to conduct the interview, like a protocol and contained nudges and guidance
to elicit their observations in detail. The response format allowed us to assemble the
collected responses in a streamlined manner for ease of consolidation, tool-based
processing and allowed some descriptive quantitative statistics.

Team-based manual analysis with the support of automated tools. Consequently,
the data was processed through a blend of manual and technological methods and
tools. The tools helped in cleaning up the data and identifying points of interest.
Manually, the data was divided among the entire design team to individually derive
findings and then consolidated to come up with insights collectively.

Need for tools to enrich and support data collection, coordination and analysis.
In comparison to the pilot study initially conducted with a smaller sample, this
large-scale activity resulted in more in-depth and richer insights. However, there
were various challenges, some similar to the challenges in team-based approaches
highlighted in the literature, especially in coordinating the data collection activity
when such a large team is involved. The need for technological tools was observed in
conducting the interviews, gathering the data in one place, doing data sanity checks
and cleansing, as well as analysing the data.

To summarise, the above three projects highlight the need for conducting larger-
scale studies, especially for the design of services where heterogeneous user groups
and stakeholders are involved. It is possible to conduct these with rigour and quality,
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but there is a dire need for tools and approaches to make the process manageable.
In line with the challenges summarised in Sect. 8.2 regarding time and resource
constraints, coordination, consistency, rigour, quality and effort in analysis, the
following are some additional challenges that need to be addressed when scaling
qualitative user research: (1) Identifying and reaching out to the right user groups,
(2) Eliciting rich written responses and (3) Enabling the teams to capture notes and
observations in detail.

8.4 Discussions and Recommendations

The previous sections have highlighted various needs, challenges and perspectives
of the process of scaling up qualitative user research. This section presents our
initial approach and recommendations to scale up qualitative user research activities
in service design practice. In order to conduct systematic qualitative user research
for a large target population, the research journey that service design researchers
and practitioners undergo can be primarily segregated into three crucial stages—
(1) Planning stage; (2) Execution stage and (3) Analysis stage. The planning stage
includes the preparation for scale before collecting data. It involves mobilising and
distributing activities among different teams of researchers, planning inquiry proto-
cols, identifying and recruiting participants with comprehensive coverage of repre-
sentative demographics. The execution stage involves multiple teams of researchers
conducting the studies at different locations. This includes rigorous interactions with
research participants for collecting participation consent, conducting the inquiry
sessions, and capturing notes and multimedia. The analysis stage involves aggre-
gating participant responses, cleaning of data, triangulating findings, reporting the
insights and presenting the research outcomes to different types of audiences.

The different researcher activities involved in conducting qualitative studies at
large scale can be categorised into five components in the research journey: (1)
Scope of activities: involves deciding the objectives that a research group should
focus upon depending on the team size and skills; (2) People management: includes
the tasks involving efficient management and training of multiple research teams,
and enabling them with essential tools; (3) Processes and methods: includes oper-
ational guidance to maintain quality of research data and reproducibility of study
process; (4) Documentation: includes notes, audio recordings, video clips and other
artefacts generated during the research period for reliability and traceability of data
and transferability of knowledge and (5) Aggregation: involves the compilation of
various primary and secondary data sources, and studies to conduct extensive analyt-
ical synthesis. Table 8.1 highlights some of the approaches to facilitate qualitative
user research for a wide target user population.

Performing qualitative user research at scale needs management skills, along with
qualitative research skills. The use of technology plays a crucial role in planning and
executing user research at scale. In our experience, we found that identification and



100 R. Mahamuni et al.

Table 8.1 Approaches to facilitate large-scale qualitative user studies

Planning stage Execution stage Analysis stage

Scope Identify the research
objective(s), organise
the research team and
identify various
perspectives to be
investigated

Organise response
collection from
research participants,
and compile notes,
raw user data files, and
data from secondary
sources

Aggregate and analyse
multiple data sets from
one or multiple
relevant studies to
generate insights and
visualise

People management Facilitate formation of
core research team and
enablers, guide
research design,
sampling and
participant recruitment
strategy and training of
researchers through
pilot study run

Allocate researchers to
different studies,
enable them with tools
and templates for data
collection, and provide
regular feedback
guidance to ensure
consistency and
quality of collected
data

Collaboratively
identify the analysis
strategy. Distribute
tasks to research
groups and enable
them with various data
cleansing and coding
tools

Process and methods Create a homogenous
protocol for research
inquiry, distribute the
problem scope and
conduct multiple
separate studies if
required

Provide nudges to
participants to enrich
responses by adding
contextual details.
Provide ready access
to the protocol, and
guidance to the
researcher

Identify and suggest
methods to triangulate
insights with other
relevant sources and
studies, both primary
and secondary

Documentation Use different data
collection templates,
record meeting notes,
multimedia data,
artefacts

Enable provisions to
use from multiple
templates and
mediums for
participant consent
and response
collection
Enable backup data
storage to ensure no
loss in participant data
due to device errors

Availability of
different suggestive
formats for reporting
and visualising
insights based on
audience

Aggregation Enable data
organisation, creation
and storage of multiple
studies and media files

Compile field research
notes, raw participant
responses and
secondary research
data files from various
researchers. Enable
transfer and
accessibility of data
from multiple sensors,
recording devices and
computer formats

Compile and share
insights from multiple
researchers and
research groups and
enable different
formats for
visualisation and
reporting
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usage of the right technology at the right time helps to reduce the manual effort and
time. It improves the overall quality of the user research.

The right use of technological tools is crucial in the various phases of user resarch
to plan, reach and effectively capture responses of the diverse target. Followings
are the design directions which emerged through the case studies and literature, for
introducing technology with each stage to enable qualitative user research at scale:

1. Creation, usage and distribution of homogenous research protocol are essential
to perform qualitative research activity at scale. Technological tools could be
useful to guide researchers throughout the protocol creation andpilotingprocess.

2. Tools can aid designers for appropriate sampling and recruitment strategy for
the required research objective.

3. Use of technology for recruitment and training of researchers and interviewers
is critical to maintain appropriate rigour, quality and consistency of methods
used and activities performed throughout the entire user research.

4. During interviews, a researcher is often laden with multiple activities such as
taking verbal or written consent, ensuring proper audio or visual recording,
taking regular notes, capturing observations and verify compliance to the
research protocol. The tool can be introduced to provide real-time nudges and
guidance to the researcher to ease activities.

5. Technological tools are essential to aggregate all the primary research data
and ensure traceability about who did what and when. Further, data cleansing
activity for vast sets of primary data can be aided with technology to reduce
overall human effort and improve the quality of data for analysis.

6. Analysis for large sets of qualitative data is both time and resource-intensive.
Technology can ease navigating the vast data and help focus on specific
information, stakeholder responses or dimensions, and aid the extraction of
insights.

8.5 Conclusion

New-age business, as well as social sector services, are becoming complex while
catering to the diverse user base. These services are becoming borderless and catering
to a large set of users.Designing of such services is fueling the need to scale the overall
service design process, including qualitative user research. This paper establishes the
need and benefits of the large-scale qualitative user research and how it can aid while
designing scaled-up services. The need for technology is emerging through literature
as well as multiple service design projects we executed. This paper further proposes
the technological intervention points in qualitative user research to meet the need of
reaching out to the required diversity. The proposed approach may not be applicable
to all design projects, but to the large-scale design projects catering to large sets of
user base. We believe that this is an initial but significant step in achieving service
design for scale. This can be an open discussion around service design for scale and
how technology can enable to make it happen. Going further, although technology
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to handle large sets of data and draw insights from those is still evolving, we need
to design modern technological interventions and experiment those for large-scale
qualitative research.
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Chapter 9
Design for Small Businesses
in India—Helping the Real
Entrepreneurs

Vipul Vinzuda, Jitendra Singh Rajput, and Amresh Panigrahi

Abstract Sustainable development goals (SDGs) set in 2015 by the United Nations
aims to achieve a better and sustainable future for all, intended to accomplish by
2030. This paper presents the innovative and creative efforts taken up by a multidis-
ciplinary team of designers, researchers, engineers, and architects worked on a pilot
project, which was presented to the Ministry of Micro-Small Medium Enterprises
(MSME), India. The focus of the project was to understand the challenges faced by a
non-organized business or small business trades ranging from tea vendors, vegetable
vendors, etc. How to design interventions can bring an improved ‘value percep-
tion’ in the society while providing ease of work, more earnings, cleanliness, and
overall well-being to these hardworking people in India. Design is considered an
essential strategy for innovation to create differentiation in the market. During this
project, the designing is explored as a catalyst to bring positive social change. The
team studied selected popular trades, which are generally present in every town of
India, by conducting field trips, photography, and observational studies to collect
data. The map of problems versus opportunities was generated. The specific require-
ments derived from this study offered rich insights and established the need for design
interventions at the product-service-system level. Further, a co-design workshop was
conducted with design students focusing on future of vending, improving employ-
ment opportunities in small businesses through mobility. The paper highlights the
design process, creative explorations, and design developments of solutions. This
pilot project provides future directions and lists ample opportunities for designers to
play an active role in bringing social transformation.
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9.1 Introduction

9.1.1 Premise of the Project

Based on the Ministry of Housing and Urban Poverty Alleviation, India, there are
more than 10million street vendors [1] running small businesses on streets by selling
fruits/vegetables, tea-shop, and snacks on the wheels, or sitting/standing/moving
around footpaths/streets. These vendors belong to the vast pool of unorganized enter-
prises. The challenges faced by these enterprises are majorly in the form of financial
crunch, lack of skills, poor/no infrastructure, etc., [2] However, we realize their chal-
lenges to simplify processes, optimizing related products/services, utilizing simple
tools, and excellent branding.

The project aimed to study the underlying design issues related to entrepreneur-
ship, behavior, ergonomics, products, and services. As an initiative of the Ministry
of MSME to design and implement products for better usability and perception, the
project was assigned to the National Institute of Design (NID). NID took up the
research initiative under the leadership of faculty members and delivered the initial
concepts to the ministry for further implementation and feedback. As part of the
extended effort, the faculty members continued the research activity and workshops
to acquire more insights in the small businesses. The paper is the outcome of these
insights generated from the research activity.

The project’s primary goal was to identify design intervention possibilities and
create the shift, sustenance, and growth in earnings of individual small businesses.
Further to provide core and cosmetics improvements, while encouraging more
women participation [3]. Ahmedabad-based Self Employment for Women’s Associ-
ation (SEWA) provides 60,000 street vendors into union. [4] Street vending provides
‘affordable’ and ‘convenient’ array of services to majority of citizens and play an
important role in contributing to nation’s economy [5].

Following clear objectives were defined at the onset of this project:

• To improve the value perception of the trade, individuals associated
• Provide ease of working
• Generate more business and increase earnings
• Bring more happiness in life

9.1.2 Overview of Small Business in India

In times of rapid urbanization, many people migrate from rural parts of the country
to seek better work opportunities, living, and hoping to provide a good future to
their younger generation. Lack of education and a competitive environment makes
earning livelihood and survival in Indian cities difficult, and several other factors add
to the overall challenge of working and living.
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Many street vendors make their living by selling on footpaths. Congested roads
have more probability of attracting a broader customer base at the cost of affecting
traffic flow or smooth pedestrianmovements. Street vendors are generally blamed for
piling up garbage and plastic paper waste thrown on roads. However, National Asso-
ciation of Street Vendors of India (NASVI) plays an instrumental role in advocacy
and ensured provisions for street vending at the stage of city planning by various
state governments [6]. There is no formal social security system meant for these
peoplewho earn their living by suchmeans [7–9]. The practice-based design research
approach was considered while working on this project.

9.2 Methods

The project comprises of two research studies done to contribute by design for small
businesses in India. A practice-based design research approach was selected; the
design process and outcome from an ethnographic research followed by a co-design
workshop are shared in this paper.

9.2.1 Study-1: Ethnography Study on Selected Small
Businesses in Ahmedabad and Gandhinagar, India

It is imperative to understand all the stakeholders’ concerns in this context, especially
the central user. [10, 11] Conducting ethnographic research to study user needs, chal-
lenges, and opportunitieswere considered thefirst step in the right direction. The clear
intent of making contributions to a large number of people in this sector and trans-
form their livelihood and family life positively by design. Field visits and immersion
study experience of select trades were documented through diaries, photographs, and
illustrations. A total of six trades were selected for the research and design studies
in the first phase. As shown in Fig. 9.1, each occupation was classified based on
parameters, which can be crucial for design and business development.

Is category such as service, trading, or product making is the key to a sale? What
kinds of spaces are used to conduct the trade? Do low investment and low skill make
it easy to start earning and toward self-sustenance? What importance duration, time,
and season makes to the success of the shop? These questions were pertinent to
understand and classify the diverse trades into a common lens for study purposes.
Rapid sketching, illustrations to capture nuances of the actual context provided an
apparent reference of scenarios. It gives details on posture, movements, real space,
and setup, interactions, and exchanges, as highlighted in Fig. 9.2.

The research diary notes were later translated into a mind map diagram under-
standing the intangible aspects of user stories. Figure 9.3 shows a typical work
routine of one of the trade— a tea vendor that depicts work routine and motives
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Fig. 9.1 Categorization of trade based on parameters crucial to design

Fig. 9.2 Fieldwork: Immersion study—representation of vegetable vendors in the Indian context

during the day. It is an efficient method to capture important information into a
visual format and provide designers a clear reference picture of the user’s needs for
further development.

Most of them use customized pushcart/cycles as per their trade requirement and
budget. There are practical issues of usability and safety; however, beyond that, the
‘perception’ associated with their profession(s) and hygiene concern is pivotal one
to be addressed soon. With competition from the latest mall, a chain of restaurant
and advancement in infrastructure all around, these set of vendors with lower socio-
economic background and migrant from small town/villages face a lot of challenges
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Fig. 9.3 Typical work routine of a tea vendor: mapping thinking and feeling aspects

and issues which can be resolved with innovative solutions and design thinking. One
of the main research questions was formulated as to howwemight design to enhance
customer perception and service experience from street vendors? The question served
as an anchor point for the research.

Specific challenges were identified for each trades, and major issues associated
with food purchased on consumed from vendors are following:

• Hygienic and price
• Fresh food
• Sanitation and cleanliness
• Value perception

Figure 9.4 represents the potential factors affecting for tea vendors; these are
common problems across the trade, which are associated with value generation.
Many small businesses, street vendors consider owning a shop as their aspirations,
primarily to gain visibility, upgrade and get more organized in running a business.
This provides profitability, an increase in business, and a stable income—the pride
and ownership associated with having their own shop avoid all legal problems and
hassles. However, the key issues in owning a fixed shop are a higher investment,
over-designed, adaptability to change, less modularity, optimized use of space, and
lack of awareness of branding. Presently, there are no standards that are developed
by government/ municipalities to regulate or maintain such fixed shops.



110 V. Vinzuda et al.

Fig. 9.4 Potential negative factors for tea vendors

9.2.2 Study-2: Co-design Workshop on ‘Future of Vending’
During DSD 2019 Conference, NID Gandhinagar

As part of Design for Social Development (DSD), 2019, conference held at the
National Institute of Design, Gandhinagar, India, in February 2019, a workshop on
future of vending was offered to participants. A total of 12 participants signed up
and joined who were design students and educators from India. The critical agenda
of the workshop was to engage participants in design sprint activity in 3-h duration.
Authors shared the findings from study-1, highlighting significant issues, a list of
potentially detrimental factors, challenges faced by small businesses for three kinds
of trades (Fig. 9.5).

The central focus of the discussion for the workshop revolved around tea vendor,
vegetable vendors, and pani-puri stall. How small business opportunities can be
enhanced on a vehicular platform? Participants in a team of two were required to
select one of the trades, select three Sustainable Development Goals (SDGs) [12]
from the given list, and consider core design elements as depicted in Fig. 9.6.

Fig. 9.5 Focus on select trades: Tea vendor, vegetable vendor, pani-puri stall
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Fig. 9.6 Core design elements & a select list of SDGs provided to the participants

9.3 Results

9.3.1 Study-1: Outcome: Design Ideation and Development
for Selected 6-Small Businesses

Design teamcomprisingof designers, researchers, architects, and engineers identified
the core and cosmetic areas for design interventions, as compiled in Table 9.1. Exam-
ining literature findings, specific areas of improvement based on field research, and
current trends. The scope of design became more evident for short-term and long-
term goals. Conceptual ideas explored mainly focused on improving the existing
products and working while creating newer impressions of street vendors.

Creative exploration of visualizing product, system, and service design was
prepared using manual and digital mediums. Tea on the go, a concept as showed

Table 9.1 Design intervention approaches for small businesses

Sr.no CORE COSMETIC

1 Structure and layout:
Cart, shops, shelves, counter, storage
design

Visual communication/branding of small
business

2 Objective-based design:
Design for service, hygiene, product
quality, logistics

Improving product packaging and display

3 Technology adaptation for improving
efficiency

Mobile wallet-based payments and offers

4 Behavioral changes through promotion,
education, training, feedback, appraisals

Following guidelines and display at the
stall
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in Fig. 9.7 highlights the key features of the novel idea of a backpack for tea sellers
increasing reach, business, and serving of hot tea to customers. Improvement of
the perceived value and comfort of a tea seller is kept at the center. Photorealistic
renderings to indicate how an alternate image around each trade can be created. The
proposals created a keen interest within ministry officials and other stakeholders
from MSMEs (Fig. 9.8).

Fig. 9.7 Concept exploration: Tea on the Go

Fig. 9.8 Creative visualization: CAD and photorealistic renderings
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9.3.2 Study-2: Outcome: Connecting SDGs with Selected
3-Trades- Co-Design Workshop on ‘Future of Vending’

Participants created concept sheets for the chosen trades, the ideas generated in
response to Sustainable Development Goals (SDGs) specifically for small businesses
in India. The ideas ranged from a product, communication to service-based innova-
tive solutions. As indicated in Fig. 9.9, the pani-puri stall can emphasizes on hygienic
and cleanliness. Effective communication and the implicit message of following the
sustainable way of operating build image. The use of natural material for pack-
aging, digital payment, and offers to attract customers were explored. Certifications
from government, health, and food authorities renew trust. A convergence of such
ideas to uplift overall service experience and regain trust amongst customers was
a central motive. The results of the workshop helped in articulating challenges and
exploring design opportunities to enhance their performance and perception amongst
customers. The workshop streamlined the issues faced in this unorganized sector
and uncovered priority areas for future developments. Proposed design ideas and
strategies indicated a valid direction toward feasible and low-cost solutions thereby
improving service experience and enhancing earnings.

Fig. 9.9 Concept sheet for pani-puri stall by a team of participants
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9.4 Discussions

The government support and initiatives can be enhanced by offering specific incen-
tives and overall support models for people who earn their livelihood from a small
business with limited or no initial investment.

The basic roadster cycle and pushcart become the main platform to the function
of the business as its advantage of being low cost, storage space, and mobile in
reaching out to more customers. In the present context, while door-to-door delivery
is prevalent and popular with smartphone-based apps, it is essential to focus on the
specific requirements of Indian context as India is a really unique country, vast, and
diverse with its scale and cultural practices, livelihood, and our range of mobility
solutions varies from human-powered carts to latest personal mobility innovation
made by a startup.

The orientation, training support, and periodic up-gradation for every kind of
street vendors are necessary to keep them competitive in changing times and making
them earn more. Complex problems with overlapping needs would require more
holistic and systemic design-driven change, especially while addressing the needs
of socially and economically weaker populations. The core and cosmetic changes
should be implemented in stages with close and active coordination amongst street
vendors, government, and manufacturing sectors. A strategic communication design
approach can build a new perception of society toward these trades.

9.5 Conclusion

The research and workshop activities generated exciting insights in the form of
present-day challenges and opportunities for street-based small businesses. Difficul-
ties encountered by the small entrepreneurs are as per below have been in the areas of
non-standardized products, issues of workstation/workplace, display, arrangement,
transportation, etc. The research activity tried to understand the problems related to
the small businesses. It generated multiple models for product, service, and business
enhancements. The other vital possibilities of research work are based on the broader
systemic domain. The areas where the design would help in creating more long term
and positive impact for small businesses and entrepreneurs.

Future scope of work

(1) Spreading awareness among small businesses for better design and sophistica-
tion possibilities. Small businesses are, most of the time, established out of the
urgent need for earning a livelihood. Therefore, the setup of these businesses is
mostlymakeshift and through available resources. The challenges of efficiency
and productivity are most common in small businesses due to lack of sophisti-
cation and order in the processes and equipment. The design plays a vital role
in creating products and services to enhance the outcome and profitability of
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the business through contextual solutions. There is a need for such design-led
solutions for small businesses, which is missing due to the lack of awareness,
and defined need in the sector. The research has identified it as one of the main
challenges in the way of design intervention in the sector.

(2) Government policies to handhold and facilitate small businesses beyond finan-
cial support. The majority of government initiatives in the small business and
MSME sector has been focused on providing financial assistance to enter-
prises. Beyond financial support, there is also a policy framework required
for supporting the small enterprises to train, educate, and handhold for best
practices. The innovation in products, and services, best hygiene practices,
better packaging, and communications also need to be part of policy initia-
tives. The report suggested the ministry and other stakeholders have reviewed
the inclusion of such initiatives.

(3) Decentralization and democratization of design models for small businesses.
The ease and access of products for fulfilling the needs of small businesses
are must for reviving and establishing them. The products being used for
supporting small businesses like handcarts, tea preparation and distribution
products, vegetable carts and storage systems, etc., should be manufactured
locally, across the country to make them cheaper and accessible. The designs
of these products should bemade available to local manufacturers and the local
authorities/industry department should monitor support for these activities.

(4) Recognizing small businesses and bringing pride in entrepreneurs for suste-
nance and growth. The pride associated with small businesses should be recog-
nized and encouraged at various stages. Small businesses need to be brought at
an aspirational level and young generations should be trained to adapt to small
businesses. The research highlighted the lack of positive recognitionwith small
businesses leads to loss of pride and innovation in the sector.
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Chapter 10
A Tool to Design a User-Centred Town
Plan

Abhishek Singh and Pratul Chandra Kalita

Abstract The race of rapid urbanization has ended up developing numerous smart
cities around the globe. A large amount of funds and resources are exhausted in this
sector but the returns are not satisfactory. The infrastructure development is as per
the vision and brainstorming of the experts and policymakers of the society. But
the same is not accepted by the end user of the recently developed smart cities. So,
it is very important to understand the requirement of the end-user, to make these
projects successful. The conventional methods of data collection for town planning
like questionnaires, personal interviews, group discussions, public hearings, etc. are
having their limitations. The major issue with these data collection tools is that they
all are very time-consuming and effort-intensive. The end users lose their patience
or interest and end up giving biased data which fails the entire purpose of end user
data collection. Hence, in this paper, we have designed a tool to collect user-centred
data from a large number of people, in a short duration of time. We have used card
sorting techniques for making it interesting and easy to understand for the users. The
zoning of the city can be easily done, and the same can be used as a framework for
detailed planning. So, this paper is on designing a user-centred town planning tool.
This tool will ensure that the requirement of majority of the population is taken into
consideration. It can be converted into a mobile app-based tool to have the vote of
the entire population for designing their own town.

10.1 Introduction

The trend of smart cities has fascinated the ambitions of the citizens and governments
around the globe. In spite of the growing interest and developments of smart cities
in the current years, there is no established definition of smart cities. And framing of
strategic plans for development of smart cities is unexplored in multiple facets [1–4].
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Their study [5] has revealed that there is no exclusive definition of smart city; the
trends of all the evolving smart cities are largely local context specific. It may be
completely different in the technology or any other aspect of implementation.

Smart cities signify a framework of urban development with human requirements
and technology as the foundation for the development of urban set-up [6].

In the case study of Songdo in South korea, Masdar city in Abu Dhabi, numerous
ghost towns of China andmany upcoming smart cities, it was observed that they have
adopted state of the art technologies and majority of the parameters of smart cities
identified in the literature implemented with proper planning and policy framework
but still failed to attract occupant as planned. It raises a question whether to consider
such hi-tech project successful, where technology and environmental realms have
attained a level of sanctity but failed to have a human scale.

So, it was important to understand the requirement of the end users to make it a
user-centred town,which ismissed inmost of the cases.Auser-centred townplanning
means to plan a city by keeping the priorities and preferences of the end users as the
main focus in the planning. Their opinion should be given more importance than the
policy makers or the urban planners.

There are multiple methods available for collection of data from the end users
like questionnaire, public hearing, personal interview, group discussions, suggestion
box and discussion forums. These data collection tools have their own drawbacks,
which compromises the significance of the data collected.

10.1.1 The Problem Statement

Generally, the politicians and policy makers focus more on the census data for
proposal of any town. Their main focus is on the strategic or the commercial viability
of the project, and how they can utilize the available fund so as to influence the
maximum population. The policy makers pass down their budget sanctions for
specific target population/segments of the society for which it is to be utilized; it
is passed on to the field experts and urban planners, whereas the urban planners use
the census and GIS data to understand the geographical, metrological, population
density, etc. for checking technical feasibility of the project. Finally, the project is
sketched on the paper after checking the commercial, technical and environmental
feasibility of the project. In the entire process, the opinion of the end users was never
taken into consideration.

It was clear from the literature review of smart cities that the formulation of smart
city policy should be city and people specific. To make a user-centred town plan, it
is important to have a robust data collection tool.

While studying the data collection tools, it was found that questionnaire is themost
popular choice among all researchers for collecting data, since it is well-structured
tool for quantitative analysis. But this method is linkedwithmultiple drawbacks also.
Questionnaire filling is time taking activity, and people lose their interest for multiple
reasons like shortage of time, or have questions beyond their field of interest, or if
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they have difficulty in understanding the questions, if the subject is not comfortable
with the content of the question, and in most of the cases, subjects consider it as a
liability to complete the task as early as possible and may answer in waste without
understanding the intent. The data collected may be skewed.

Similarly, in other data collection tools, like in personal interviews, it is very
time-consuming and not suitable for large sample sizes. In case suggestion boxes
are installed, it is observed that very few people participate actively in it. While
conducting focus group discussion, there are chances that any outspoken speaker
may skew the opinion of the entire group skewing the actual desired data. So, all the
existing tools were having multiple limitations.

Hence, there is no optimum tool for data collection to collect the opinion of mass
population related to town planning. Another issue was that all the people are not an
expert in this field of town planning; hence, they may not be able to actually plan a
city or even give relevant suggestions. Hence, the tool should be designed in such
a way that their requirement can be extracted irrespective of their expertise in town
planning and can be used to frame a zoning of town, which can be used by town
planners to convert into the blue prints of town plan.

10.1.2 Card Sorting

‘Card sorting was originally developed by psychologists as a method to the study
of how people organize and categorize their knowledge. As the name implies,
the method originally consisted of researchers writing labels representing concepts
(either abstract or concrete) on cards, and then asking participants to sort (categorize)
the cards into piles that were similar in some way. After sorting the cards into piles,
the participants were then asked to give the piles a name or phrase that would indicate
what the concepts in a particular pile had in common’.

There are two types of sorting technique, open sort and closed sort. In open sort,
the categories in which the cards are to be sorted are not identified, and the users are
asked to identify the categories and then sort, and in closed sort, the categories are
predefined, and the users are asked to sort the cards in the mentioned categories.

10.2 Methodology

Since the city dwellers or the target populationmay not be an expert in town planning,
but they are expert in their owndaily requirement and day to day activities. The people
are interacting with the city 24 × 7 and 365 days a year, throughout their life. So,
on the basis of their experience, everyone has list of the services and utilities in
their mind which when compiled together form a mind map. The mind map of an
individual with respect to town planning means that people are already living in
the cities and are satisfied with some of the services of the cities, and on the other
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hand, they are struggling to access some of the services. Hence, on the basis of their
experience, they can suggest that which services to be prioritized and where to be
placed in a city. So the image in their minds about the positioning of the services for
an ideal city is their individual mind map. The challenge is to compile all the mind
maps of residents of the city into a single-mind map and then convert it in to blue
prints of town planning.

The sample size of our research was 50. The age variation of the people was
from 18 to 60 years. The demographic of the population was that 15 samples were
students, 20 people were working professional at various levels, and remaining 15
were businessman and from unorganized sectors. The monthly family income of the
participants varied from Rs. 10,000/- per month to Rs. 1.5 Lakhs Per Month. The
samples were present in Guwahati city but are residents of ten different states of
India. Nearly 30% of the population are from north-eastern states, and remaining
samples are from across India.

The study started with listing of all the services of a town. The list was made
while interviewing multiple people from different localities and backgrounds. After
the list was prepared, we need to plot these services in a town.

We used card sorting technique for zoning of the listed services. We have used
hybrid card sorting technique in which we have decided some categories on the
basis of distance. 0–1 km range is considered as comfortable walking distance if the
quality of the route is good. This is the apt distance considered in majority of the
cities by the architect. Majority of cities have their city centre in the radius of 1 km
to ensure comfortable walking (e.g. Zurich, Brisbane, Pittsburgh, Copenhagen, etc.).
This range is considered for utilities and services required on daily basis by majority
of the citizens forwhich no extra transport is required. In larger cities, the comfortable
walking distance is the same but they might have multiple city centres [7]. Second
range was considered for cyclist, rickshaw and E-rickshaws. It was considered on
the basis of comfortable cycle able distance. This range was discussed with all the
participants and considered as 2–5 km in Indian context. ‘This distance is considered
as the average suited to cycling in urban areas’. This range was linked with services
of daily use but need not be close to a residential area. The third range was 6–10 km.
Other than six cities in India, all other cities average radius is below 10 km. The
fourth range was 11–20 km; this area is the outskirt of cities or the neighbourhood
of the cities. The fifth range is the range beyond 20 km from the starting point. The
starting point of every range is not the city centre but the residence of the subject.
Since the subjects may or may not be able to quantify the importance of distance in
perspective of city as a whole but they can easily asses the distance on the basis of
their own daily requirements.

A chart was prepared with clear demarcations of the ranges and was placed in
front of the subject. All the subjects were given cards with names of the services
and utilities of any town. Blank cards were also provided to the subject to add any
additional service of their choice.

The subjects were asked to arrange the cards with services and categories
mentioned on them in the chart with different ranges of distance as per their require-
ment. The data was collected from 42 samples and was analysed. The data collected
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were in-line with one-on-one interview with another group of eight people. The data
was used to establish relations between the services and the distance at which they
were placed.

10.3 Results

A table of preference by the users was calculated from the card sorting data. The
calculation of preference is done by calculating the percentage of the total number
of times the service was sorted in a particular range divided by the total number of
subjects participating in the sorting. The percentage of a particular service across all
ranges was calculated. This gives a clear picture about the preference of the service
in a particular range with exact percentage to identify its significance in the range.

The values with the highest percentage of preference were the most demanded
services in the said ranges of the distance. Each range has their ownpreferred services.
The top preferred services of each range are indicated in their respective charts.

In Fig. 10.1, the percentage of preference of services was plotted in the graph.
This range belongs to the area accessible by walk or activity of frequent nature.
This range has special preference since the user has to decide what are the services
which will hamper the sanctity of any residential area and need to be discarded from
the range. At the same time, they should not be dependent on any transport facility,
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public or private to access this range. The comfortable range of walk is considered
as 1 km radius as found in the literature study. Out of 36 services, users have opted
to keep 15 services strictly out of the range A with common preference.

Remaining 21 were ranked as per their preference in range A. In the chart, most
preferred are starting from left and the level of preference decreases as we move
towards right. The top scorer of the entire experiment was grocery with 100% pref-
erence in range A. It shows that all the subjects want that grocery to be available
within walking distance from their residence.

Similarly, other ranges were also plotted. Range B was focused as the range for
bicycle, rickshaw, autorickshaw or any private vehicle mobility area. The services in
this range are also considered as the frequent use services but which should be kept
at some distance from the residential area. There may be various concerns linked
with this decision. As per the discussion with the subjects, some of them stated that
these services are important but increase in the density of traffic, when kept near
residential area, generates risk of accident and makes the residential area unsafe
place for children and elderly people while they use the road side for leisure. This
also increases the disturbance due to use of horns, traffic noise. It will generate more
dust and pollution in the residential area.

The service considered in this range caters service to large number population.
Hence, these are to bepositioned at somecommonpoints,where people fromdifferent
residential zones can access it easily; at the same time; any residential zones are not
disturbed.

Range Cwas considered by the subjects for services which are not very frequently
used. Still some subjects have kept schools and offices in this range but there
percentage is very low. Highest preferred services in this range were insurance or
investment office, malls followed corporate offices, court, movies, etc. The services
with higher preference in this range broadly are of three types of office which need
to be accessed at fixed intervals of days, leisure and entertainment and long distance
transport network. Two exceptions are there of corporate office and college and
university which may be accessed on daily basis. Majority of subjects participated
had stayed in the college during their exposure to college and may have biased in
this regard. As per the discussion with the subjects, the preferences of mobility in
this range were private vehicle or public transport.

As per the standard size of Indian cities, range D will be in the out skirts of any
city. So the service sorted here-were used after long duration of time. Places like
zoo, museum and picnic spot are the top scorers of the range and are a part of leisure
activity which may be preferred once in a month or year depending on the other
leisure activities available in the city.

Airport is another most preferred service of the range, since its technical require-
ments have kept airport in the out skirts in majority of the city; hence, the subjects
have perceived the same and considered it in the range. In general, airports are used
for long-distance travel, and its access is not frequent; hence, the additional distance
is not a major concern. Similarly, in range E, the services which were opted beyond
the radius of 20 km from the residence of the user were opted. In Indian context,
majority of city limits are within the radius of 20 km from the centre, (If we assume
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that the cities are in a circle or some symmetrical shape). As discussed with the
subjects, these are the services that they want to keep out of the bounds of their city.

The top preferred services of the range are industries, picnic spots, agricultural
lands and court. Industries are kept out of the city bounds to keep the pollution and
heavy vehicle movement away from their residential areas. Whereas picnic spots
are kept in this range so that when they are out for picnic, then they get a peaceful
environment away from the busy life of city. Agricultural land is kept in this range
due it its huge land requirements, and the agricultural set-up does not jell very well
with the city life. Since the crop will be affected by the dust and pollution of the
city and for city dwellers, it will be awkwardly unsafe area with huge lonely lands.
Considering court in this range is because of their perception of staying away from
any disputes and unlawful act. This notion is debatable and seems biased from user
perspective since their reasoning is not in-line with the logical thinking.

10.4 Discussion

Figure 10.2 is a scatter chart of range A, in this top preferred services as per the
collected data are placed. If the service has received highest preference in this range,
then only they are place in the scatter chart. It signifies that these services will be
considered an integral part of this range only. These services will not be considered in
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Fig. 10.3 Range-wise popular demands of users

other zones unlike the range service ranking charts discussed before. Similar plotting
was done for all other ranges.

Figure 10.3 gives the exhaustive list of all the services with their associated ranges
established from the data.Different colour codes are used to differentiate the ranges of
the services. And services belonging to the same range are clubbed together. It gives
a clear bifurcation of ranges; their preferred percentage and the sequence of services
are in decreasing order of rank in the designated range. So, multiple interpretations
can be established from Fig. 10.3.

FromFig. 10.3, the town planner can easily identify the services that are in demand
near the residential areas and the services which are to be kept away from the resi-
dential areas. These services can be plotted in the city as per designated zones. Once
the zones are established, then the transportation system linking different zones can
be easily planned. The same zoning will help in deciding the water supply, electricity
supply, sewerage network and other essential networks.

If the density of services is linked with the population requirement, then efficient
supply and demand cycle can be established. This tool can help in avoiding both the
extremes of town planning like scarcely populated city sprawl and unplanned over
populated town ships. Both the extremes have their own sets of problems, which can
be easily avoided with efficient user-centred town planning.

The data suggests that the users have kept the places linked with heavy traffic
away from their residential area to avoid unwanted noise and pollution.

In Fig. 10.1, we have plotted all the services preferred by the users in range A, i.e.
0–1 km; similarly, all the ranges (A–E) were analysed. Then, we have identified the
most preferred range for each service identified by the user, and the same was plotted
in Fig. 10.3. In Fig. 10.4, we have plotted the data of Fig. 10.3 with respect to the
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Fig. 10.4 Zoning of utilities

user perspective by keeping their residence as point of reference for every service in
the city. Since for an individual, their residence is point of reference from where they
view their city and accesses each and every service of the city. So, it should be the
most logical point to start a town planning, if we want to design a town from users
perspective. Hence, town planners can use this perceived town plan of an individual
to build a more user centric city.

Figure 10.4 is having 5 cores, each core represent a range starting from A to E.
The services of range A are plotted in first core, and that of range B is plotted in
second core and so on.

We have further grouped the services with the help of colour code such as: The
orange colour was for the services related to leisure activities; the red zone is for
services related to commercial activities on regular intervals; the blue colour is for
services which are of prime importance on everyday basis, whereas green colour
services are for need-based important services. These were interpreted on the basis
of interview data gathered from the subject.
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As per the user study, it was found that majority of services falling in range A of
0–1 kmwas of unorganized sector, out of which unorganized retail is major segment.
Religious and health-related activities were also prioritized in range A for easy and
frequent access. Auto and rickshaw stand were also prioritize in range A to have easy
access to other ranges. It was observed that there is a link between the transportation
networks depending on the distance of destination and frequency of visits. Starting
from auto rickshaw stand in rangeA tometros and railway station in rangeB followed
by airport in range D.

10.5 Conclusion

During personal interview, it was found that the priority of distance is often linked
with the frequency of the service requirement by the subjects. The services with
frequent visits are kept closer to home by the subjects.

The zoning established in Fig. 10.4 can be used to establish a basic model of
township with respect to user perspective. This can be a switch from conventional
way of designing any township. This tool is very simple and less time-consuming
and can be used to collect large amount of data from users perspective within a
minute or two. The maximum time taken by the subjects to do the sorting was three
minutes only. The subjects felt very comfortable and enjoyed the activity; it reduces
the chances of biasedness linked with user to complete the task in a hurry without
any consideration.

This tool will be helpful in identifying the end user requirement and preferences
but cannot predict the population size, city size, geographical conditions, etc. The
benefit of this tool is that it can be easily converted into a mobile app, and the entire
city can vote for their preferred town within no time. The most significant part of this
tool is that\ even if the user is not very well verse with the town planning method,
still they can contribute efficiently for suggesting a good framework for town plan.
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Chapter 11
The Cancer Positive Journey: A System
Design Thinking Perspective

Alishka Shah

Abstract Background Breast cancer, one of the most common invasive cancers
for women both in the developed and developing world, poses a threat as a multi-
dimensional malignancy branching out into an array of medical, physical, financial,
social, emotional and sexual turmoil. This paper reports research that has been carried
out in an academic pursuit for answers to queries encapsulating the social percep-
tion, impact and aftermath of breast cancer—affiliated healthcare systems, effective
caregiving, healthy coping and holistic healing mechanisms. Objective The study
aims at presenting the illness and its negative imprints as a cumulative concern,
instead of singularly scrutinizing it through a clinical lens. It urges practitioners
and caregivers to innovate and intervene at three identified and overlapping target
phases of the journey: (i) awareness and diagnosis, (ii) short-term healing and (iii)
long-term recovery.MethodologyWith underlying systemdesign practices, this qual-
itative study was conducted as a part of a visual communication project under the
graphic design department atNational Institute ofDesign,Ahmedabad. The deployed
methodology made use of empathy mapping, opportunity mapping, gigamaping,
interviews and questionnaires as tools to engage the two stakeholder groups, one
including health care providers, patients and their support systems personifying
direct stakeholders of the journey and the second being a group of general partic-
ipants embodying indirect stakeholders. Conclusion This approach devised cancer
positive, a collective and curative movement, which provides a systemic solution to
downsize the trauma of the illness, foster interpersonal relationships and eradicate the
perceived and actual stigma attached to breast cancer. The proffered system provides
strategies for accessible and responsive caregiving, remote monitoring, telemedicine
and behavioural modification by proposing an allocated breast cancer data unit. This
paper primarily elaborates on the design rationale that suggests the imperative need of
an all-inclusive recovery-centric approach instead of amere survival outlook towards
the life-threatening phenomenon.
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11.1 Introduction

Cancer is a fatal disease of the cells. Breast cancer is contracted as a result of an
uncontrolled growth of abnormal cells and genetic mutations that otherwise regulate
the development of healthy cells in the breast. The subsequent tumour when diag-
nosed as malignant is declared cancerous and can be spotted by symptoms such as
lumps in the breast, skin dimpling, nipple pain, discharge and changes in nipple shape
or texture. Incessant urbanization and the escalating adoption of western lifestyles
have been an augmenting factor in breast cancer incidences worldwide [1]. Non-
communicable diseases account for a lion’s share of global deaths in this century
with cancer dominating the list as the greatest barrier to expanding life expectancy
worldwide [2].

11.1.1 Breast Cancer

Breast cancer is the most common and terminal cancer among women, universally,
with an approximate of 2.1 million facing the brunt of this disease every year [3]. As
per the 2018 WHO reports, causing an estimate of 9.6 million casualties globally,
cancer is known to be the second most prevalent cause of death worldwide [4]. In
addition to that breast cancer contributed to approximately 15% of all women deaths
from above-mentioned statistics, summing up to a figure of around 627,000 demises
annually [5]. In India, approximately, 165,000 new breast cancer cases are diagnosed
every year, contributing to a substantial 14%, the greatest of all new cancer cases in
both sexes [5]. Breast cancer has embedded itself as a systemic health issue, woven
into the complex framework of the Indian society, as the most commonplace cancer
among urban Indian females and second most rampant amongst the rural women [6].

Multi-Dimensional Health Concern. Keeping aside the daunting death statistics,
the term ‘cancer’ itself carries a hefty dosage of attached stigma and trauma for
all stakeholders. Although cancer deaths may be preventable with early detection
and adequate treatment, it inflicts a whirlwind of not only medical and physical
but also emotional, financial, social and cultural anguish [7]. Over the years, while
numerous strategies have been implemented by the government towards enhancing
breast cancer awareness, availability of detection units, subsidized treatment and
supportive services [8], an evident gap emerges in the system when we fail to tackle
breast cancer as a multi-faceted global health crisis, addressing each tier of concern.
It is significant to acknowledge that the manifold strains exerted as effects and after-
maths of breast cancer are interlinked, associated, each arousing and overstating the
other [9].

Insufficiency and Imperfection of Statistics and Soft Data.When examined solely
from the perspective of itsmedical profile, these cancer journeys have been reduced to
digits that do injustice to the intricate and nuanced realities outlining the full picture.
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Giorgia Lupi, data humanist and partner at Pentagram, states, ‘Data is always just
a tool that we use to represent reality. They are always used as a placeholder for
something else, but they are never the real thing’. [10]. Numbers are never the point,
more likemeans to an end, incomplete, insufficient and lacking context.The real story
lies in the experience, behaviour, knowledge and humans themselves, and only from
there is it that we can draw our solutions. Hence, this report has been constructed
around breast cancer journeys from the point of view of examining soft data in
the light of the immense potential of qualitative data studies. In an attempt to frail
the diminishing of these journeys into empty graphs and figures, it also advocates
shifting the dialogue, wholly, from ‘survivorship’ to ‘recovery’, promoting the need
for a pleasant quality of life post diagnosis and treatment [11].

Awareness, Perception and Social Stigma. Prior research conducted with the aim
of testing waters with breast cancer awareness revealed the lack of general awareness
about the disease, irrespective of gender or socio-economic status [12]. In compar-
ison with the several studies that were undertaken to document awareness towards
preventive oncology, cancer detection and care, close to negligible evaluate the over-
shadowing belief systems and social stigma that elevate the challenge in an Indian
context [9]. The controversial affected region of the body in tandemwith the sensitive
nature of the disease further build onto the issue, comprising two tabooed subjects—
‘breast’ and ‘cancer’. Perceived or personal stigmatization refers to the negative
connotations associated with having a condition, internalizing the prejudices and
developing a fear of discrimination and social exclusion. With reference to breast
cancer, female patients have faced physical impairment, body image and sexuality
concerns and downtrodden self-esteem [13], whereas male breast cancer patients
encounter stigmatization in terms of suffering from what is typically considered a
‘woman’s disease’ [14]. Actual or social stigmatization, on the other hand, refers to
stereotypes, discrimination and prejudices projected towards thosewhowere socially
declared ill [15]. In all, the cultural myths, stigmas and taboos have a silencing impact
on cancer care continuum, setting back the efforts made towards cancer prevention,
treatment services and perception [16].

Cancer Caregiving and Social Support. Social networks and support systems
occupy a crucial yet highly underrated and underutilized role in the cancer care-
giving journey. Ideal and effective caregiving services place the diagnosed individual
at the centre of an extensive support system instead of exclusively focusing on the
patient-clinic relationship [17]. It is pivotal to investigate the psychosocial implica-
tions of breast cancer on interpersonal relationships as comfort and communication
levels determine the potency of support extended and requested [18]. Informal care-
giving, a strenous activity surrounded by critical decisionmaking, gap of knowledge,
emotional processing, uncertainty of the future and fear of loss, has been reported for
causing an alarming number of anxiety and depression cases amongst those adopting
the role of a caregiver [19, 20].



130 A. Shah

11.2 Materials and Methods

This paper briefly reports on research conducted as collateral to a system design
project undertaken at National Institute of Design, Ahmedabad in an attempt to use
visual communication strategies at a system level to erase adversities and aftermaths
of breast cancer. Systems thinking refers to a philosophy of addressing a complex
problem by synthesising and analysing its context, the structure and order in which it
dwells, acknowledging the plurality of the problem, inquiring into themultiple layers
in its ecosystem, their interactions with one another while identifying relationships,
patterns and emerging opportunities throughout its vast landscape. Design thinking,
the broader umbrella that houses the systems approach, presents an approach that
thrives on alternating between macroscopic and microscopic, even nanoscopic views
of inspecting the issue and reframing and refocusing the lens as requisite. The study
undertaken as a part of this design process employed a combination of tools such
as empathy mapping, participatory design methods and iceberg model for systems
thinking, opportunity mapping, gigamaping, interviews and questionnaires. The two
design groups were discreetly chosen for this exercise based on their contact with
and the nature of their stakeholderships in cancer journeys.

Design Group 1: Direct Stakeholders. The first group involved participants termed
as direct stakeholders of the process, i.e. people that have already been or are actively
involved in a breast cancer journey. Given the sensitivity of the subject, convenience
sampling was used to gather inputs from a mixed bunch (n = 19) of oncologists,
support group staff, breast cancer survivors, patients and supporters playing the roles
of children, spouses and siblings of the patient. For the purpose of qualitativematerial
and authentic contribution, data has been partially collected by visits to one of the
nation’s premier cancer hospitals, and participants anonymity has been maintained
keeping inmind the vulnerability associated with the situation. Duty and role specific
assessment helped in classifying commonalities and patterns, while demarcating
shortfalls and expectations for individual needs and demands. The samples drawn
from the first group were responses from an urban demographic with ages ranging
from 21 to 65. Table 11.1 gives a gist of the individualized questionnaires and surveys
thatwere drawnup toderive intimate reflections of their personal journeys, drawbacks
in the existing cancer care framework, stunted participation in seeking counsel and
potent coping mechanisms.

Design Group 2: Indirect Stakeholders. For the latter half of the experiment, a
breast cancer awareness and scenario workshop was conducted with the second
design group consisting of general participants, urban males and females, young
adults (n = 20), ranging from 20 to 24 years. The general participants selected for
this study introduced volunteers that had not necessarily been in contact with breast
cancer patients or caregivers but were involved to measure the knowledge, percep-
tion and reaction towards the condition. The exercise probed an internal dialogue
about comfort in one’s own skin and breasts as fundamental aspects of femininity.
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Table 11.1 Range of topics covered in the questionnaires drawn up for design group 1

Medical/support staff • How frequently do you get patients diagnosed with breast
cancer? Did you notice any patterns among the
diagnosed—age, background or lifestyle?

• The ideal manner in which one is to disclose the results of the
diagnosis? How do the patients and their supporters react when
you break the news?

• As per your observations and interactions, how did the disease
affect them medically, emotionally and financially?

• What do you recommend as effective and healthy coping
strategies to patients and their supporters? Does complementary
medication serve to be beneficial in the process?

Supporters • Elaborate on your relationship with the diagnosed and your age
at the time

• How was the result of the diagnosis revealed to you?
• How did you react and cope with the diagnosis?
• How did your behaviour around the diagnosed changes, and
what efforts did you make to extend your support?

• Share the emotions you experienced whilst watching a loved
one go through the cancer treatment and journey. How did it
affect your relationship with the diagnosed, during and post
treatment?

• As per your observations, what do you think helped the patient
most during this tough journey?

• Looking back, what is one aspect of cancer treatment and care
that is not addressed enough?

• Any personal regrets where you feel you could have
contributed more effectively as a caregiver but failed to do?

Patients (former and current) • Personal details, medical history and background
• What was your immediate reaction to the diagnosis?
• How did you reveal the same to your family and friends?
• How did the cancer journey take a toll on you—medically,
financially, socially and emotionally?

• How did you cope with this, personally and what engagements
and activities that you indulged in, helped you during this
period?

• In your personal experience, what role did your support system
play during these trying times? How did it affect your
interpersonal relationships, social behaviour, self-perception
and self-esteem?

• How has surviving cancer changed you as a person? Any
reflections that you would like to share or advice that you
would offer to people that get diagnosed with breast cancer and
their supporters?

While the data collection method, revolving around hypothetical situations and visu-
alizing ‘what-if’ scenarios and metaphor-centred drawing exercises, might serve as a
limitation to the study, it suggested recurring key themes, transcended any linguistic
barriers and helped convey complex experiences and emotions [21]. Empathy maps
were adopted to cluster the visualizations and observations, to yield well-rounded
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interpretations, remarks and critiques. In short, the workshop tried to capture reflec-
tions on the shortcomings of caregiving, psychosocial effects of physical deformities
and human tendencies towards acceptance, grief and lack of control in the context
of cancer.

11.3 Results

The patients, survivors and social support systems from design group 1 were at the
minimum graduates holding bachelor degrees while the healthcare providers and
staff were highly trained professionals in their respective fields of practice with a
minimum of 22 years of practice. The participants from the design group 2 were
young adults, actively enrolled into courses, receiving education and experience
in the domain of design. The inputs and expressions from both groups led to the
formulation of the below mentioned inferences.

11.3.1 Breast Cancer Awareness, Social Perception
and Occurrence Patterns

While breast cancer was predominantly perceived as an elderly women disease,
oncologists in this study strongly pointed out a rapid rise in the number of cases
amongst younger women, under the age of 40 with contemporary routines of glut-
tonous food intake, nutritiondeficient diets, physical stagnation and thenormalization
of excessive alcohol consumption serving as common risk factors. One participating
oncologist confirmed the diagnosis of 5–10 new cases per month, with a male to
female ratio of 1:100. Survivors and patients agreed to have perceived cancer as
unconquerable and synonymous with death, prior to treatment and survivorship;
however, their viewpoints and learnings towards cancer changed post a successful
journey. Survivors and supporters attributed their prior lack of awareness, caution
and curiosity to the notion and belief that something as mammoth as cancer would
never affect them.

Responses from the workshop conducted with design group 2 suggested that
their immediate word associations to the term cancer were ‘terminal’, ‘death’,
‘chemotherapy’ and ‘hair loss’. Figure 11.1 displays the participants visual outcomes
for the assigned task of picturing what cancer looks like, exhibiting a prominence
of mesh-like patterns flooding the picture area with intense strokes. Repetition of
bold imagery and abstract expressions as opposed to portrayals of the medical or
tumour-like diagrams indicated that for majority of the partakers, the psychological
and emotional impact linked to cancer outweighs the clinical and scientific perception
of the condition [21].
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Fig. 11.1 Visual perception of the term ‘cancer’ as sketched out by participants of the workshop

11.3.2 Diagnosis, Reflection and Consultancy

While medical professionals agreed upon the fact that it was vital to communicate
the diagnostic results as matter of fact, laying down the specifics of the situation
honestly, they also shared a need to act based on observed reactions. It would be
ideal to have a counsellor when one is breaking the news to the patient and their
caregivers, as stated by one of the oncologists; however, there is a severe dearth of
addressing the emotional baggage of the illness, especially in a developing country
like India. They also stressed on the need to clarify that the ailment is certainly non-
contagious to eliminate any self-guilt and foreboding or stigma within the support
system itself.

The most frequent immediate reaction to the diagnosis, as stated by the patients,
survivors and supporters was a ‘Why me’? or ‘Why them’ response while undergoing
an array of emotions—shock, fear and disbelief. Patients and supporters discussed
the challenges that they dealt withwhen conveying the gravity of the situation to close
family, friends or colleagues. Additional resources and explanatory materials such as
books, brochures, seminars, online articles, recommended by specialists or acquired
from support groups, served as supportive descriptors when having to communicate
the acutemedical condition. However, this method proved to be fallible when applied
to children that were incapable of entirely fathoming the phenomena. The invasive
cancer diagnosis induces an essential discussion as to whether to even share the news
with certain individuals, based on their age, maturity and outlook-linked inhibitions,
familial or financial circumstances and social awkwardness. The non-disclosure,
hesitation and barriers in unrestrained communication, further, lead to the tabooed
tagging of cancer as ‘the c word’ and other such epithets, only accumulating more
mystery, terror and suspicion around the remediable disease.
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11.3.3 Value of Social Support Systems and Personal
Accounts of Supporters

Participants stressed on themerits of an actively involved and informed social support
network when proceeding to clinical stages of surgery, treatments and therapies.
Survivors recalled that the endearment, strength and resilience of supporters prevailed
as a source to replenish positivity, purpose and inspiration and vice versa. Frequent
visits planned group activities and contribution or proxy in menial chores posed as a
constructive distraction in times of distress.Dialogues suggest that remote caregiving,
where the supporters are unable to maintain consistent physical proximity with the
patient, turn to telephonic and digital interactions to keep a check on the status.
Survivors and patients both mentioned attending support group sessions, targeted at
physical and psychological aid, as a boon to the initial process. However, they also
admitted to having struggled and failed to keep up with the schedules due to the
eventual loss of physical ability as a side effect of intense medicine dosage.

The empathymapping exercise revealed supporter’s constant initiatives to indulge
in more qualitative time with the patient and participate in everyday errands with
more enthusiasm, in an attempt to have the patients experience a more ‘fulfilled life’.
While simultaneously, attending to their physical suffering and bed ridden needs
without trying to disrupt any sense of normalcy or express preferential behaviour. A
common resonating theme surfaced as the need to exude an unwavering brave aura,
disguising their personal emotional battles of frequent and familiar encounterswith—
uncertainty, devastation, fear of loss, anxiety, hopelessness, helplessness, agitation,
bitterness, empathy, pain with salvaging spurs of positivity, optimism and numbness
(all recurring terms that were gathered from the research). Supporters reflected that
accompanying the patient to all their medical appointments, actively seeking further
expertise, reading and researching the condition assiduously helped them feel more
‘in control’ of the helpless situation. When prodded with similar scenario-specific
questions, participants from group 2 unanimously admitted to offering the patients
consolation by fortifying the momentariness of the storm, expressing affection and
re-instilling their valiance. However, supporters readily confessed to the hardships of
caregiving, inferred anxiety and depression that followed the dread of losing a loved
one, a sense of helplessness and inadequacy as a caregiver, trying to prepare oneself
for all possible outcomes while masking any form of panic or negativity when in
contact with the patient and simultaneously having to oversee medical and financial
decisions. They expressed the guilt that they experienced while watching the patient
suffer mixed with their inability to be present incessantly and provide sufficient care.
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11.3.4 Self-image and Stigmatization as a Consequence
of Physical Deformities, Fear of Relapse
and Long-Term Recovery

It was affirmed that aggressive treatment regimens overlook the preservation of
quality of life and the palliation of side effects and symptoms, solely targeting
survival of the patient. Chemotherapy drugs have subjected patients to severities
of hair loss, fatigue, nausea, hormone and fertility complications and so on, while
mastectomy surgeries can lead to changes in appearance of the breast, loss of one
or both breasts, reconstructive surgeries and use of external breast prosthesis. The
participants reported physical displacement, discomfort and pain, emotional stress,
embarrassment and wavering self-esteem, apart from a psychological blow to their
self-image and faltering sense of femininity. Survivors stated that dwelling upon the
radical psychophysical modifications in their self-perception and physical appear-
ances resulted in self-imposed isolation and a decline in their sexual relations. The
unwillingness to participate in social activities, however, was derived from a combi-
nation of perceived and actual stigmatization, with shame, sympathy and alienation
directed onto them by society. Doctors determined cancer to be a ‘controllable’ not
a ‘curable’ disease with a lingering likelihood of relapse and hereditary occurrences
that haunt patients post survival. Deep-seated psychological effects of cancer like
wounded self-image issues, strained interpersonal relationships and relapse-related
anxieties could persist lifelong.

11.3.5 Post Cancer Perspectives and Suggested Measures
from Multiple Stakeholders

Oncologists emphasized on encouraging conversation around breast cancer aware-
ness and prevention to normalize the disease and combat internal and social stigmati-
zation. Participants indicated the catalyzing role of a solid support system in holistic
recovery and strongly recommended enrolling into counselling when interpersonal
relations flounder. They also underlined the advantages of complementary medi-
cation techniques and unconventional therapies but not as an alternative to formal
treatment. Participants affirmed that the cancer journey invoked a sense of grati-
tude, enhanced their appreciation towards life, urging them to reconsider their own
capacity, strength and tolerance, push away trivialities and work towards things that
actually matter. It made me a better mother, a better wife, a better daughter and a
better person. Time is short, uncertain and being aware on thatmakes youwant to live
a fuller life. Survivors endorsed sticking to one’s daily routines, keeping oneself busy,
maintaining private journals and interacting with other individuals that share similar
experiences. Supporters advised the need to accept the situation with the power-
lessness it entails, while being transparent, patient and present for the diagnosed
throughout the journey.
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11.4 Discussion

This study examined the present-day landscape of breast cancer in India with respect
to social awareness strategies, effective communication material, accessible coping
mechanisms, caregiving guidance, quality of life post treatment and comprehen-
sive recovery. It is essential to address the cloud of ambiguity and inflicted anxiety
that floats around the conundrum, multiplying myths, misconceptions and following
societal inhibitions towards the disease. In fact, the growing interest in the seman-
tics of medical discourse questions the grave connotations and inadequacy of the
term ‘cancer’ with several researchers, pathologists and cancer institute’s altogether
recommending dropping the title [22]. The study suggests that the language ideolo-
gies and psychosocial constructs manifest an instant correlation of ‘cancer’ to death,
myopic to the inflating chances of survival. This paper aims to derail the ‘cancer curse’
by replacing the daunting terminologies of battling cancer—being awarrior, survivor,
a competent caregiver to being diagnosed cancer positive or being a contributor of
the cancer positive journey. Positive affirmation embedded in disease nomenclature
and corresponding clinical discourse can prove beneficial in the demystification of
the disease, decision-making stages and adoption of coping strategies. The land-
mark ‘Asian Disease’ problem research conducted by A. Tversky and D. Kahneman
not only verified the cognitive biases in the psychology of choices, now tagged as
the ‘Framing Effect’ [23] but also formed the basis of the medical implications
of the same with respect to disease prevention, detection and course of treatment
[24]. There is enough evidence pointing to the potential of medical language to
influence a patient’s response to coping mechanisms and recovery [25]. Reviewing
the currently circulating cancer care communication material, physical and virtual,
supplied bymedical institutions, NGO’s and support groups demonstrated the imper-
ative need for a similar shift from non-emotive medical jargon to humane, reflective
and comprehendible data.

The participants’ feedbacks were assimilated and allocated to identify gaps
that could possibly make use of design intervention by conducting an opportunity
mapping exercise. Macro-level analysis of current facilities with the needs indicated
as a result of the research, unfolded a three-phase target model with the primary
diagnosed targets as awareness, short-term healing and long-term recovery. This
structure was developed to better tackle breast cancer journeys as a multifarious
threat, addressing respective tiers and onslaught via customized tactics. Figure 11.2
serves as visualization to the target model with an additional and consequential
phase of diagnosis. Apart from being resolved as isolated targets, addressing them in
the following combinations could be increasingly profitable. Gender-specific strate-
gies when applied to challenge the two interdependent attributes of awareness and
recovery can proliferate knowledge pertaining to risks and prevention, encourage
dialogue and understanding and suppress stigmatization. This, in turn, regulates the
number of cases, accentuates the probability of early detection and addresses social
concerns of current or former breast cancer patients. Utilizing role-specific strate-
gies, when dealing with phases of diagnosis and short-term healing, encapsulates the
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Fig. 11.2 Three-phase target model (awareness, healing and recovery)

counsel of coping mechanisms for the patient and caregiver during various stages
of treatment, assistance in acceptance of the situation and communication strategies
to maximize awareness and sound decision-making. Likewise, the phases of short-
term healing and long-term recovery, when collectively targeted, facilitate the shift of
overall outlook from survival to recovery rather than stunting efforts post termination
of medical treatments.

The study put forward the requirement of a one-stop role-specific platform with
the ability to record, disseminate, connect and simplify the access of health informa-
tion, medical consultancy, government health plans and subsidies, complementary
therapy, status trackers, cancer related resources, enable reminders and schedules,
request proxy involvement or care services, palliate remote caregiving and connect
support networks, cancer communities and help groups. The ongoing inquiry into
health tech has made provisions for public health record services like Google health
[26], efforts of the national telemedicine task force set-up by the ministry of health
and family welfare enabled commendable telemedicine services like mammography
at SGRH, Delhi, Regional Cancer Center, Trivandrum and Rajiv Gandhi Cancer
Institute and Research Centre, New Delhi [27], caregiving service platforms like
nightingales [28] and so on. Pervasive technology can to a great extent eradicate the
inhibitions that function as barriers to seeking care, ensuring that the information or
assistance demanded is fulfilled, and caregiving ismore empowered, less challenging
and more efficient [29]. However, existing enterprises are largely disjointed, singular
in utility, inaccessible or unheard of. An ideal all-inclusive system would be one that
puts to use unobtrusive digital developments, guarantees medical relevancy, privacy,
hassle-free tracking with coherent data outputs and provide personalized training
and coping strategies, adhering to the dynamic roles and relationships warped into
this collaborative journey of the diagnosed, the practitioner, the caregiver and the
bystander.
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The proposed design system, cancer positive, comprising the data unit harnesses
the benefits of Internet of Things (IoT) technology when introduced into the domain
of health care, to deliver a collective and curative movement which bridges the gap
between the medical, physical and psychological experience using the awareness,
short-term healing and long-term recovery target approach. Integrated IoT tech-
nology and smart devices have been sparking interest with their multidisciplinary
applications, particularly in the field of medicine, paving pathways for automation
of e-health with their ability to administer, process, accumulate real-time patient-
generated health data (PGHD) [30]. With the participation of government bodies,
medical institutions, cancer support groups, the constraints of privacy, security and
reliability can be avoided while leveraging emerging technologies to facilitate seam-
less connectivity and interoperability. The proposed cancer positive data unit forms
the heart of the framework gathering real-time, role-specific and age-specific health-
related responses via the cancer positive application. The assessment, allocation and
interpretation of the real-time database are hence capable of enabling telemedicine,
remotemonitoring and behaviouralmodification tomakemedical consultancy imme-
diate, personalized and accurate. It aims to manifest a close-knit ecosystem of all
stakeholders to foster interpersonal relationships by providing customized guidelines
and recommending personalized strategies to make the overall caregiving experience
more responsive and accessible. The acquired and constantly updated database can be
further studied by researchers and experts to formulate efficient modules for training
professional and informal caregivers. Individuals register to cancer positive with the
name of the diagnosed positive and by stating their contributory role in the journey,
to receive an automated and customized dashboard with all relevant medical records,
schedules, services and facilities. The application is designed to incorporate wellness
and counsellingmodules, task and schedulemanager, emotional tracker, complemen-
tary medication services, request external contributors, track medicinal and dietary
intake, with the reflection of data collected from the integrated smart devices such
that it can be shared and administered by the other contributors of the journey. A
gamified iteration of the system earns you ‘redeemable positives’ on completion of
tasks and probes themembers to indulge in qualitative activities. The earned positives
can be exchanged for mementoes with the cancer positive collective which under-
takes the sale of life-post-treatment products like wigs, breast prosthetics, lingerie,
etc., organizes seminars, exhibitions events and campaigns towards awareness, sensi-
tization and normalization of cancer throughout society. It provides resources and
platforms for community groups, offers external caretaking services and encourages
and connects former patients from all walks of life to embrace, share and exhibit
their journeys.

11.5 Conclusion

At this very moment, more people living with cancer than dying from it [29]. In
conclusion, this paper aims to address the missing links in breast cancer-related
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research, development and design in the light of the plurality of affiliated challenges
and the persons affected. It briefly investigates factors of breast cancer treatment and
care continuum in a contemporary Indian scenario from manifestation of stigma,
faith in medication techniques, patient’s internalization of guilt and other associated
psychological turmoil, roadblocks to acquiring social assistance and external services
and influence of caregiving expectations on interpersonal relationships. The study
proposes a three-phase target model in tandem with smart-integrated system design
solution based on emerging technologies in the domain of health care to bridge
the gaps between medical and psychological, physical and emotional, social and
personal. The limitation of the method lies in the small sample size volunteer views,
while the proffered system is a futuristic solution with financial constraints, data
privacy concerns and banks on government cooperation and endorsement. Urging
future research to take into consideration the all-inclusive role-specific approach
and conduct rigorous user-testing and implementation of progressive solutions and
technologies to make cancer journeys, endurable, recoverable and perhaps, even
unifiable.

Acknowledgements Thanking all the participants for their time, cooperation and valuable sugges-
tions. I would like to express my gratitude to Tanishka Kachru from National Institute of Design
for her mentorship and guidance with the project.

Reference

1. World Health Organization: Cancer: Detection Breast Cancer. International Agency
for Research on Cancer. Available: https://www.who.int/cancer/detection/breastcancer/en/.
Accessed 18 Apr 2020

2. Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R.L., Torre, L.A., Jamal, A.: Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers
in 185 countries. CA: Cancer J. Clinic. 68(6) (2018).

3. World Health Organization: Cancer: Early Diagnosis and Screening. International Agency for
Research on Cancer (2018). Available: https://www.who.int/cancer/prevention/diagnosis-scr
eening/breast-cancer/en/

4. World Health Organization: Health Topics: Cancer (2018). Available: https://www.who.int/hea
lth-topics/cancer#tab=tab_1. Accessed 14 Apr 2020

5. Globocan: Breast Factsheet. International Agency for Research on Cancer (2018). Avail-
able: https://gco.iarc.fr/today/data/factsheets/cancers/20-Breast-fact-sheet.pdf. Accessed 14
Apr 2020

6. Agarwal, G., Ramakant, P.: Breast cancer care in India: The current scenario and the challenges
for the future. Breast Care 3(1), 2008 (2008)

7. Alexander, A., Kaluve, R., Prabhu, J. S., Korlimarla, A., Srinath, B., Manjunath, S., Patil, S.,
Gopinath, K., Sridhar, T.: The impact of breast cancer on the patient and the family in Indian
perspective. Indian J. Palliative Care 25(1) (2019)

8. India Against Cancer: Cancer treatment centers. National Institute of Cancer Prevention and
Research (NICPR). Available: https://cancerindia.org.in/cancer-treatment-centers/. Accessed
19 Apr 2020

9. Gupta, A., Dhillon, P.K., Govil, J., Bumb, D., Dey, S., Krishnan, S.: Multiple stakeholder
perspectives on cancer stigma in North India. Asian Pacific J. Cancer Prevent. 16 (2015)

https://www.who.int/cancer/detection/breastcancer/en/
https://www.who.int/cancer/prevention/diagnosis-screening/breast-cancer/en/
https://www.who.int/health-topics/cancer#tab=tab_1
https://gco.iarc.fr/today/data/factsheets/cancers/20-Breast-fact-sheet.pdf
https://cancerindia.org.in/cancer-treatment-centers/


140 A. Shah

10. Lupi, G.: Data humanism: my manifesto for a new data world. Available: https://giorgialupi.
com/data-humanism-my-manifesto-for-a-new-data-wold

11. Gangane, N., Khairkar, P., Hurtig, A.-K., Sebastián,M.S.: Quality of life determinants in breast
cancer patients in Central Rural India. Asian Pacific J. Cancer Prevent. 18(12) (2017)

12. Gupta, A., Shridhar, K., Dhillon, P.K.: A review of breast cancer awareness among women in
India: cancer literate or awareness deficit? European J. Cancer 51(14) (2015)

13. Wang, Q.-X., Bai, Y., Lu, G.-F., Zhang, C.-Y.: Perceived health-related stigma among patients
with breast cancer. Chin. Nurs. Res. 4 (2017)

14. Midding, E., Halbach, S.M., Kowalski, C.,Würstlein, R.,Weber, R., Ernstmann, N.:Menwith a
“Woman’s Disease”: stigmatization of male breast cancer patients—amixed methods analysis.
Am. J. Men’s Health 12(6) (2018)

15. Corrigan, P.: How stigma interferes with mental health care. Am. Psychol. 59(7) (2004)
16. Daher, M.: Cultural beliefs and values in cancer patients. Ann. Oncol. 23(3) (2012)
17. Weiss, J., Lorenzi, N.: Online communication and support for cancer patients: a relationship-

centric design framework. In: Proceedings from American Medical Informatics Association
Annual Symposium (2005)

18. Skeels,M.,Unruh,K., Powell, C., Pratt,W.: Catalyzing social support for breast cancer patients.
In: Proceedings of the SIGCHI Conference on Human Factors in Computing Systems, Chicago
(2010)

19. Sahadevan, S., Namboodiri, V.: Depression in caregivers of patients with breast cancer: a
cross-sectional study from a cancer research center in South India. Indian J. Psychiatry 61(3)
(2019)

20. Devi, A., Siddik, S., Ariaratnam, S.: Depression and anxiety among family caregivers of cancer
patients in an oncology clinic. Malaysian J. Psychiatry 13(1) (2005)

21. Gameiro, S., Guevara, B., Refaie, E., Payson, A.: DrawingOut—an innovative drawing work-
shop method to support the generation and dissemination of research findings. PLOS ONE
13(9), e0203197, 20 Sept 2018

22. Kolata, G.: Cancer’ or ‘WeirdCells’: which sounds deadlier? TheNewYork Times, vol. Section
D, p. 1, 22 Nov 2011

23. Tversky, A., Kahneman, D.: The framing of decisions and the psychology of choice. Science,
AAAS 211(4481) (1981)

24. Mazzocco, K., Cherubini, P., Rumiato, R.: Effetto framing: implicazioni in ambito medico.
Annali Italiani di Medicina Interna 20(1) (2005)

25. Vranceanu, A.M., Elbon, M., Adams, M., Ring, D.: The emotive impact of medical language.
HAND (N.Y.) J. 7(3) (2012)

26. Google Health. Available: https://health.google
27. Chellaiyan, V.G., Nirupama, A., Taneja, N.: Telemedicine in India: where do we stand? J.

Family Med. Primary Care 8(6) (2019)
28. Nightingales: Services: caregivers. Available: https://www.nightingales.in/services/caregivers.

Accessed 8 May 2020
29. Hayes, G.R., Abowd, G.D., Davis, J.S., Blount, M.L., Ebling, M., Mynatt, E.D.: Opportunities

for pervasive computing in chronic cancer care. In: International Conference on Pervasive
Computing, vol. 5013 (2008)

30. Sunanda, D., Sharma, C.: Survey on smart healthcare: an application of IoT. Int. J. Emerg.
Technol. 8(1) (2017)

https://giorgialupi.com/data-humanism-my-manifesto-for-a-new-data-wold
https://health.google
https://www.nightingales.in/services/caregivers


Chapter 12
A QFD Approach for Selection of Design
for Logistics Strategies

Mahadharsan Ravichandran , K. E. K. Vimal , K. Jayakrishna ,
and Asela K. Kulatunga

Abstract Designing products considering logistic costs and improved customer
service in the field of supply chain management is termed as design for logistics
(DfL). By improving the design of the products for logistics, organizations can reduce
the costs spend on logistic and delivery. Some of the critical factors of adopting
DfL are ease of transport, ease of packaging, ease of loading/unloading, minimize
logistic cost, and so on. To improve the DfL characteristics at the product design
stage, five strategies, namely flat packaging strategy, design for non-circular subparts,
modular design principles, and design for ease of fabrication, have been identified.
Quality function deployment (QFD) approach, a successful method often used for
new product development, was used in the selection of strategies for designing prod-
ucts from a logistics viewpoint. The results of QFD show that flat packaging strategy
and ease of handling are the critical DfL strategies for the improvement of logis-
tics characteristics of the product at the design stage. The methodology has been
tested through a real-case application in a packaged drinking water manufacturing
organization.

12.1 Introduction

Logistics refers to the overall process of managing and controlling the flow of goods,
energy, information, and other resources, e.g., products, services, and people, from
the source to the marketplace [1]. Logistics include transportation, inventory main-
tenance, order processing, purchasing, warehousing, materials handling, packaging,
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customer service standards, and product scheduling, which must be continuously
developed to meet the challenges of the market [2]. The expenses correlated with
the logistics activities are significant. Therefore, integration of logistics in product
design is an important and intricate problem that must be addressed. Design for logis-
tics (DfL) is defined as a series of concepts involving product and design policies
that aid in regulating logistics expenses and increase customer service quality in the
discipline of supply chain management [3]. The charge of creating design modifi-
cations is little in the initial stages of the product development course compared to
constructing changes at last [4]. Therefore, forthcoming manufacturing and logistics
activities have a considerable impact when the product development decisions were
made in the early phases of the product development process [5].

Organizations use quality functiondeployment (QFD) tomakedecisions ondesign
strategies to effectively translate customer requirements to comprehensive manu-
facturing specifications that help to produce the products that full fill the customer
needs [6]. QFD can be a powerful tool because it can reduce time tomarket, improved
quality, and increased customer satisfaction [7]. Therefore, organizations adopt QFD
in the process of product development since there is a constant need to improve time
to market, quality of the manufactured product, and customer satisfaction in the
prevailing competitive environment.

The packaging is themeans of guaranteeing the safe delivery of the products to the
consumer in good condition at the least possible cost [8]. Paine states that packaging
is a synchronized system of preparing goods for transport, distribution, storage,
retailing, and end use [9]. The packaging is considered a fundamental element in
logistics and is regarded as having a significant effect on logistics cost and perfor-
mance [10]. It is observed that the prospects for DfL are remarkable, whereas the
literature on the concept of DfL has been found to be limited. The primary objective
of this case reported in this article deals with providing an alternate design for the
case organization, considering their DfL requirements captured via QFD. Further,
sections of this article include a review of existing literature on DfL, and QFD,
methodology adopted in this study, HoQ development, providing alternate design
based on the key expectations from the case product in the viewpoint of customers
and the delivery team, followed by discussions on the implications and other benefits
of this design changeover using theDfL strategies andQFD to the case organizations.

12.2 Literature Review

12.2.1 Review on Design for Logistics

DfL is a sequence of concepts in the field of supply chain management that focuses
on three key components: economic packaging and transportation, concurrent and
parallel processing, and standardization [10]. Researchers suggest that reducing
manufacturing time and cost are essential for an organization to be competitive. It
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Table 12.1 Review on DfL strategies for product development

DfL strategy Description References

Ease of assembly, services, reuse,
recycling, and other product life cycle

Integrated modular design [12]

The required customer delivery lead
time, with the production capacity
needed to meet the customer orders

A customer order-driven production
planning is applied to determine the WIP
cap, the work-ahead-window of a
CONWIP controlled production and used
to implement a new market-driven
production planning

[13]

Lower the total cost from the supplier
to the customer

A new packaging solution requires
product redesign along with modern
manufacturing and packaging equipment.
Redesign the packaging for an existing
product to minimize space

[14]

can be achieved by standardization, i.e., the use of standard parts and design strategy,
which may also shorten the design portion of the new product development cycle
[11] (Table 12.1).

12.2.2 Review on Quality Function Deployment

QFD provides a means of translating customer requirements into engineering terms
for each stage of product development and production [15]. Quality function deploy-
ment (QFD) is a systematic means of advancement of functions and operations of
company efforts through the utilization of consumer requirements and desires, which
result in the development of product quality parameters compatible with consumer
requirements at the quality assurance of the produced product [16]. It offers a compre-
hensive understanding of categorization and prioritization of product or service
elements, which identified this model as a simple and effective tool, particularly
for executives to focus on attributes of greater importance [17–20].

It is observed that there is a minimal number of studies addressing the concept of
DfL. Hence, this paper attempts to bridge the gap by providing a framework model
for DfL using a case study by adopting QFD.

12.3 Methodology

The methodology adopted in this study is shown in Fig. 12.1. Extensive interviews
and brainstorming sessions were carried out. The development of a new design of
an existing product, for the betterment of the organization, has been set as the goal
for the brainstorming session. Department heads of the organization participated in
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Step 1. Literature review on DfL, QFD, Case product identification; Formulation of 
Logistics & Design expert team. 

Step 2. Identification of logistics requirements for the case product

Step 3.  Identification of logistics design requirements for the case product 

Step 4. Development of House of Quality (HoQ) 

Step 5. Development of new design 

Step 6.  Business impact analysis of the new design and development of  
metrics for DfL

Fig. 12.1 Methodology adopted

the brainstorming session, and their viewpoints presented during the discussion were
taken into account. Various constraints and challenges that will be encountered were
also foreseen. The durability of the newly developed product must not be compro-
mised, and the profit should be increased by the new product, and the degree of
comfort during usage of the redesigned product should be increased, and tested are
some of the notable inputs from the brainstorming session. The design team of the
case organization analyzed their need for design change of the case product. The
study starts with the identification of the design requirements, i.e., what is actu-
ally expected from the product (WHAT?), and how the design requirements can be
achieved by dealing with design parameters (HOW?), followed by the development
of HOQ between WHAT and HOW. This study adopts the action research approach
by working in close liaison with a cross-functional team formed. The members of
the cross-functional team were from all departments of the case organization and
their logistics providers. The critical design requirement and strategies of DfL can
be identified, and the corrective design changes can be made to arrive at the new
design. Thus, the business impact of the newly designed product can be analyzed.
The results achieved by this study can be used as a toolbox for design experts in
designing products for logistics.

12.4 Case Study

12.4.1 Case Organization

The case organization located in the southern part of Tamil Nadu, India, is involved in
the processing of packaged drinkingwaterwith a total capacity of 5000 jars per day. It
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Fig. 12.2 CAD model of the
existing water jar

makes a profit of 20 million USD per year. The case organization holds all necessary
facilities to maintain their quality of water as per Bureau of Indian Standards (BIS)
and Food Safety and Standards Authority of India (FSSAI).

12.4.2 Case Product

12.4.2.1 Requirements of the Case Product for Logistics

The case product considered in this study is the jar used for packaging processed
drinking water. Often the jars are difficult to handle during the transportation and use
phase. Currently, they are producing jars made out of polycarbonate and are planning
to change their design for easy transportation and handling. Figure 12.2 shows the
CAD model of the existing jars.

12.4.2.2 DfL Strategies Identified for the Case Product for Logistics

The DfL strategies identified for the current design of the jar are flat packing, easy,
quick, and safe to handle and deliver, durable, and resistive to any physical damage,
apt size, and fit.

12.4.2.3 Development of House of Quality

In general, QFD analyses the relative importance of the customer requirements and
the organization will act in accordance with the results. In DfL, the prominent use
of applying QFD in design for logistics is to confirm that the changes in design
of the product corresponding to logistical cost and efficiency also meet customer
requirements. This is indeed a crucial factor in DfL, as sheer inclusion of ideas
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Fig. 12.3 House of quality

related to DfL neglecting the fact that the ultimate profit depends on the likings and
comfort of the consumer is substandard as well as unworthy. This QFD will be used
as reference by the design aswell as production teamwhile designing and production.

Figure 12.3 shows theHoQdeveloped based on theDfL strategies identified for the
existing design. The HoQ shows us the design strategies that are relatively important
as compared with DfL strategies identified. The significant DfL strategies that should
be given more focus during the early stages of product design are flat packing and
secure handling as far as design of logistics is considered. It is significant to note that
the importance of a flat packing strategy is much higher. The key results obtained
from HoQ have been used by the case organization in the redesigning their water
jars. An expert panel was formulated, including executives from several departments
of the organization with an experience of above seven years. Brainstorming sessions
were conducted with the logistics provider, the delivery teams, and customers to
enlist their logistics requirements and their respective importance. The importance
weighing was scaled in the range of 1–5 with 5 given the highest significance. The
importance rating scores were obtained from the logistics and design expert team,
and eventually, the relative importance of the DfL strategies was achieved, as shown
in Fig. 12.3. It is found that the relative importance of the strategies such as flat
packing and ease of handling is exceptionally higher than the other strategies [14].
Flat packing strategy makes the shipment of jar easier and allows compact transport
of products within the available area. From the scores, it can be observed that the
customers and the delivery teamwere keenonmodifying the design for easy handling,
to lift, carry, and to transfer without much effort and support.
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12.5 Results and Discussion

From the results of the QfD, the design team of the case organization developed a
new alternate design for the water jars as shown in Fig. 12.4. Three handles were
added to the new design. Two handles on one side and one on the lower bottom of the
opposite side. The provision of handles will enable anyone to lift and carry the jars
at ease. The head of the jar was made flat, with a knob to pour the water, precisely
like a beak of a bird. The flat head helps to transport more units in a single trip by
occupying the space available. The bottom of the jar was designed with bumps to
add rigidity and durability of the jar, and this bumps also helps to lift the jar even
from the lower position.

The new design is easily manufacturable. Though the cost of production has been
lowered only to a smaller extent as compared to the existing model, the logistic
costs have been reduced drastically. In regard with the business impact and the
packing efficiency are greater since the design is made for logistics. The jars, when
transported, can be arranged one above the other and occupies most of the truck
volume available. The number of existing water jars that could fit inside a usual
mini-truck is 20 per trip. The transportation cost from the production plant to the
delivery end is approximately Rs. 100 per trip, which is Rs. 5 per water jar. After the
usage of newly developed water jars, the truck could accommodate 40 of them per
trip, which is Rs. 2.50 per water jar. Again, depending on the number of trips and total
quantity of water jars transported may add up to a huge gain for the organization on
a larger scale. Moreover, reduced production time coupled with faster delivery using
the DfL characteristics decreased the lead time considerably gaining good customer
satisfaction rate and reduced carbon foot print. The jars are majorly handled by
women domestically in India have to depend upon others for lifting and changing
them. But now, they find it extremely easy and comfortable to lift and changeover
the jars. Thus, the reputation of the product manufactured by the company has also
created an impact on its customers.

Figure 12.4 shows the CAD model of the new jar developed based on the key
inferences derived through QFD based on the HoQ.

Fig. 12.4 CAD model of the
new water jar
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12.6 Conclusions

The case organization has determined to manufacture a water jar that should adopt
the concept of design for logistics to increase the profit and efficiency of delivery.
Therefore, this case study is brought to the spotlight for examination. There exists
numerous literature that used QFD to address the redesigning of the product. But
the research which considered logistical aspects is relatively few. Moreover, inclu-
sion of design for logistics concepts in development of the product, coupled with
the help of computer-aided design model and customer requirements is rather undis-
cussed. Therefore, this study primarily focuses on considering customers viewpoint
in developing new product using the application of QFD combined with the concept
of DfL. It is aspired to design a product such that it is inclusive of concepts related
to logistics. Furthermore, this study showed that how QFD would yield the design
concepts that can be developed from the voice of customers themselves. HoQ has
been adopted to the WHATs of the customer, and HOWs of the design parameter
and strategies requirements and the significant design strategies are derived from the
HoQ. Thereby, the design of the existing model was reformed and manufactured and
when commercialized, received positive feedback from its customers and its logistics
providers.

Future directions include conducting a case study of other products from similar
organizationswith the application of design of logistics concepts. Conducting similar
studies will help us to arrive at developing a standard guideline for designing prod-
ucts considering logistics aspects. Further, the study can be extended on using
alternate sustainable materials in the manufacturing of water jars for developing
an eco-friendly product.
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Chapter 13
Design Interventions for Improvement
of Adoption Rate of Micro-irrigation
in Assam

Manoj Kumar Verma and Amarendra Kumar Das

Abstract Agriculture contributes to about 16.5% of India’s Gross Value Added
(GVA) and provides direct and indirect employment opportunities to a large propor-
tion of India population, nearly 70%,whichmore than any other sector in the country.
Increasing demand for food has put stress on the sector to increase its production. This
necessitates increased dependence on irrigation to meet crop water needs. However,
due to decreasing water table, it is imperative to popularize water efficient tech-
nologies for irrigation. Despite progressive schemes of the government, the highly
efficient micro-irrigation system has not been well adopted in Assam. This paper
studies the present system in the state and correlates with the feedback received from
225 beneficiaries to develop a framework for design of an effective system. Design
intervention can play a major role in designing such system.

13.1 Introduction

In India, agriculture contributes 16.5% to the Gross Value Added (GVA) while
providing livelihood to the 70% of the rural households. It is also contributing to
the food security for the increasing population. Proportion of Indian population
depending directly or indirectly on agriculture for employment opportunities is more
than that of any other sector in India [1].

Primarily, the Indian agriculture is rainfed anddepends on themonsoon every year;
however, during the past few years due to insufficient rainfall, irrigation is playing
a major role in the agricultural production. According to the report published by
International Water Management Institute (IWMI) [2], there is a growth forecast of
17% in the potential irrigation water demand. This implies lesser rainfall dependence
and more reliance on irrigation systems.
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Central water commission of India estimates that the annual water availability in
terms of natural runoff in the rivers of India is 1869 Billion Cubic Meter (BCM)
per year; however, due to uneven distribution and physical constraints, only about
1123 BCM/year water is available. Out of this, 690 BCM/year is the surface water,
and 433 BCM/year is the groundwater. In this same report, the CWC reveals that
extractingwater from the groundwater for irrigation purposes is themajor component
of groundwater use in India [3]. As per the Agricultural Statistics of the Ministry
of Agriculture and Farmer’s Welfare, Government of India [4, 5], the use of tube
wells for irrigation is increasing at a sharp rate, and it is putting pressure on the
groundwater table.

In such a scenario, using an irrigation system with higher irrigation efficiency is
the most direct way to address sectoral water shortage [6]. A separate study done
in reference to the smallholders in developing countries [7, 8] reviewed the various
factors influencing the installation of these systems and found that the higher value
crops are more suitable for this type of irrigation system owing to the higher invest-
ment costs. However, to overcome this barrier, the author argues that the government
must come out with a subsidy-based system to bear a part of the installation costs and
to some extent should also provide technical support. Studies carried out by numerous
other authors [9, 10] established that micro-irrigation technologies are the best bet
technology considering the decreasing water resources and limited input costs in the
agriculture sector. Studies highlight that micro-irrigation technologies if used prop-
erly can yield water savings to the tune of 50–80% [6, 10–12]. A recent study [13]
established that unsustainable water use, over drafted aquifers, seasonally dry rivers,
and disappearing freshwater lakes are a worldwide phenomenon. The author [13],
asserts that using latest irrigation technologies like micro-irrigation, saves water as
evidenced from various studies over the years.

The authors of this research paper have presented the findings based upon a study
done in the State of Assam. Economy of Assam is primarily based upon rural sector
as about 70% of its population is directly dependent upon agriculture as the source
of livelihood [14]. As per the latest available economic survey of Assam [14], the
total geographical area of the state is 78.44 lakh ha, out of which the land use pattern
in Assam indicates that the gross cropped areas are 40.82 lakh ha. The net sown area
comes out to 28.19 lakh ha in 2014–15. There is vast scope of irrigation in temporal
and spatial considerations. From October to March, i.e., the period of post-monsoon
to pre-monsoon, there is lack of irrigation water in the State of Assam [15]. To
meet the irrigation demand, farmers using conventional irrigation methods of flow
and furrow irrigation, waste around 50–60% of water, and this in turn wastes energy.
Micro-irrigation on the other handminimizes this loss and increases the productivity,
thereby improves overall economy of farmers even though the initial investment is
higher.

During the preliminary phase of this research, discussions were held with officials
of the department of agriculture, research stations, and staff who are working in the
field; it was gathered that farmers were less inclined to adopt this technology due to
higher cost of investments and lack of awareness. Though the Government of India
has launched many schemes for adoption of micro-irrigation systems by the farmers,
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since 2006, including latest initiatives like Pradhan Mantri Krishi Sinchayee Yojana
(PMKSY) and micro-irrigation fund to increase the adoption of micro-irrigation in
the country, the adoption rate in Assam is very less [11, 16]. Despite government
giving subsidies, there are not many takers of this efficient technology of irrigation.
As such the groundwater level in Assam is taking additional load apart from the
surface water sources owing to the smaller reach of existing irrigation facilities and
lack of coordination among the various departments.

Most of the earlier studies done in the field of micro-irrigation take up the subject
of crop productivity and yield in context to other parts of the country, i.e, excluding
Assam. Considering this backdrop, this work which is part of Doctoral research is
being carried out in the State of Assam for understanding the irrigation requirements
of farmers and analyzes the various factors involved which influence the selection
of type of irrigation and study the constraints associated with their adoption.

13.2 Aim and Objective

The research aims to understand whether design interventions can help in facilitating
adoption of micro-irrigation among farmers of the State of Assam. The objective of
this study is to develop a representative model of variables affecting the adoption of
micro-irrigation system in the State which would help the designers in developing
effective design intervention strategies. Design is ubiquitous in application and is
capable of understanding challenges while devising strategic and holistic systems.

13.3 Methodology

13.3.1 Data Collection

The research study is done in the State of Assam covering seven districts, viz.
Dhemaji, Dibrugarh, Golaghat, Jorhat, Nagaon, Sivasagar, and Sonitpur. A total of
225nos. of farmerswhohave received subsidyor are enrolled for getting subsidy from
the state government for implementing micro-irrigation in their farm were contacted
and interviewed using a structured questionnaire. The questionnaire was framed after
discussions with various experts on the subject and government department officials.
The questionnaire included the following details from beneficiaries:

i. Age.
ii. Educational status (Illiterate, pre-primary, primary, secondary, highersec-

ondary, graduate, graduate and above).
iii. Farming experience (in years).
iv. Landholding size (in hectare).
v. Non-farm income no. of crops.
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vi. Area under micro-irrigation (MI) (in hectare).
vii. No. of years of adoption.
viii. Type of MI adopted (drip/sprinkler/micro-sprinkler/others).
ix. Continual of adoption (yes/no).
x. Fertigation along with MI (yes/no).
xi. Availing government subsidy (yes/no).
xii. Source of water (own/hired).
xiii. Type of source (pump/lake/river/canal).
xiv. Water issues (iron impurities/clear).
xv. Technical support (own/hired/expert from supplier/government).

Apart from this, it was revealed during preliminary discussions that the following
factors pose hindrance to the government efforts to increase adoption of micro-
irrigation system:

i. Abundance of Rainfall in the region.
ii. High cost of investment.
iii. Inadequate subsidy from government.
iv. Difficulties in getting subsidy from government.
v. Lack of awareness about micro-irrigation.
vi. Non-availability of water source/pump.
vii. Maintenance issues after/before installation (e.g., clogging of drippers).

Accordingly, while collecting responses, the farmers were also asked to rank these
constraints in their order of preference (from 1 to 7).

13.3.2 Data Analysis

All the data received from225nos. of farmerswere analyzed using statistical software
tools like Jamovi [17], MS-Excel for their frequency distribution and variation of
responses. The ranks given by farmerswere analyzed usingGarrett rankingmethod
[18, 19]. The Garrett score conversion formula is

Percent position = 100
(
Ri j − 0.5

)

Ni j

where
Rij—Rank given for the ith variable by the jth respondents.
Nij—Number of variables ranked by jth respondents.
With the help of Garrett’s table, the estimated percent position is converted into

scores, and then, for each factor, the scores of every respondent are added. Then, we
compute the total value of scores and calculate the mean score. The factors having
highest mean value is the most important factor [18]. The main advantage of using
Garrett’s method is that one can arrange the constraints in the order of their severity
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from the viewpoint of respondents. For any constraint, it can be ranked as no. 1 by
one respondent, while another respondent may rank it as no. 2 or no. 3 as per their
choice of preference. Therefore, when we are to rank many constraints together at
time for many respondents, the Garrett formula converts them into percent position.
So, we would have mean score for all constraints which can be accordingly studied.

13.3.3 Design Intervention

One of the objectives of this research is to understand how design intervention can be
used to significantly help the farmers in adopting this technology of micro-irrigation.
A detailed strategic analysis shall help to develop an alternative design of system
which will help in increasing the adoption rate of micro-irrigation among farmers of
Assam. Through this end, theModular SystemDesign for Sustainability (MSDS) has
been used in this research. The MSDS method aims to understand the entire system
and support the process of system innovation development. It is equally suitable for
public institutions and Non-government organizations (NGOs) and hence can help
design a system which is sustainable in nature. The method is organized in four main
stages, viz. strategic analysis; exploring opportunities; designing system concepts;
designing system [20]. Since the method employs a modular structure, it can also be
adapted for different context and applications for developing alternative solutions.

13.4 Results and Discussion

The statistical analysis of basic data collected during the study reveals the following
pattern:

(a) The study was done for a sample size of 225 farmers/beneficiaries who have
received subsidy from the government or are in the process of getting such
subsidy for installation of micro-irrigation system in their plot of land. This is
facilitated under the PMKSY—per drop more crop scheme of Government of
India.

(b) About 56% of the respondents do multiple cropping in a year (i.e., 3 crops in a
year) followed by 37%of beneficiaries doing 2 crops a year (Table 13.1). It may

Table 13.1 Nos. of crops
cultivated in a year

Levels Counts % of total Cumulative %

1 crop 4 1.8 1.8

2 crops 84 37.3 39.1

3 crops 127 56.4 95.6

4 crops 10 4.4 100.0
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Table 13.2 Type of
micro-irrigation system
installed

Levels Counts % of total Cumulative %

Sprinkler 197 87.6 87.6

Drip 17 7.6 95.1

Micro-sprinkler 6 2.7 97.8

Rain gun 5 2.2 100.0

Table 13.3 Responses of
beneficiaries for continuity of
micro-irrigation

Levels Counts % of total Cumulative %

Yes 180 80.0 80.0

No 45 20.0 100.0

be noted that as per government records, the state is dependent on irrigation
for cropping during post-monsoon period (i.e., October to March) [15].

(c) About 87% of the respondents have opted for sprinkler irrigation, 7.6% for drip
irrigation, and the balance have installed micro-sprinklers, etc., (Table 13.2). It
may be noted that this is due to the lower cost of installation in case of sprinkler
irrigation for a similar size of plot. Since this entire exercise is subsidy driven,
the farmers have chosen the least costing option.

(d) 80% of beneficiaries positively responded for continuing with installation of
micro-irrigation system as it was convenient (Table 13.3).

(e) 87%of beneficiaries have availed government subsidy for installation ofmicro-
irrigation system, while the balance was yet to receive the subsidy and carry
out installation in their farm (Table 13.4).

(f) Nearly, 63% of respondents have their own source of water for using themicro-
irrigation system while 37% of respondents use water source from somebody
else, on payment of fee (Table 13.5).

(g) Iron and other impurities are present in the water source for nearly 63%
of respondents, and they have to do active filtration for separation of these
impurities (Table 13.6). This is an additional cost incurred by them.

Table 13.4 Respondents
availing government subsidy

Levels Counts % of total Cumulative %

Yes 196 87.1 87.1

No 29 12.9 100.0

Table 13.5 Water source
ownership

Levels Counts % of total Cumulative %

Owned 141 62.7 62.7

Hired 84 37.3 100.0
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Table 13.6 Presence of
impurities and iron in water
source

Levels Counts % of total Cumulative %

Iron and impurities 141 62.7 62.7

No or less impurities 84 37.3 100.0

Garrett analysis: The respondents were also asked to rank in order of preference,
the various constraints which prevent them from taking up micro-irrigation. The
responseswere analyzed usingGarrett technique, and it reveals the following pattern:

(a) High cost of investment was ranked as no. 1 deterrent in adoption of micro-
irrigation.

(b) Maintenance issues were ranked as no. 7 deterrent in adoption of micro-
irrigation.

The results of Garrett analysis are presented as in Tables 13.7, 13.8, 13.9, 13.10,
and 13.11.

FromGarrett analysis, it can be inferred that apart from higher cost of investments,
difficulties in getting government subsidy is the second most ranked deterrent. This
can be attributed to government systems and procedures. Lack of awareness about
the benefits of this system of irrigation, how to use it and maintain in long run is the
third ranked constraint among beneficiaries. Since the area receives good amount of
rainfall in general, people are not much inclined to take up this method of irrigation.

Table 13.7 Garrett ranking variables identified for this research

Sl. no. Variables for ranking

1 Abundance of rainfall (C1)

2 High cost of investment (C2)

3 Inadequate subsidy from government (C3)

4 Difficulties in getting subsidy from government (C4)

5 Lack of awareness about micro-irrigation (C5)

6 Non-availability of water source/pump (C6)

7 Maintenance issues after/before installation (e.g., clogging of drippers) (C7)

Table 13.8 Percent position
calculated as per Garrett
technique

Sl. no. 100 (Rij −0.5)/Nij Garrett value

1 7.14 78

2 21.43 66

3 35.71 58

4 50.00 50

5 64.29 43

6 78.57 35

7 92.86 21
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Table 13.9 Rank given by respondents to the variables

Sl.
no.

Description Rank given by respondents

1st 2nd 3rd 4th 5th 6th 7th

1 Abundance of rainfall 90 45 42 38 10 0 0

2 High cost of investment 206 19 0 0 0 0 0

3 Inadequate subsidy from government 61 68 84 13 0 0 0

4 Difficulties in getting subsidy from
government

145 74 6 0 0 0 0

5 Lack of awareness about MI 109 84 32 0 0 0 0

6 Non-availability of water source/pump 29 35 74 77 10 0 0

7 Maintenance issues after/before
installation (e.g., clogging of drippers)

10 3 80 41 46 16 29

However, as attributed above in this paper, the groundwater level is very much
stressed, and it is imperative upon the beneficiaries to take up such highly efficient
irrigation system. Among other ranked constraints, we have inadequate subsidy from
the government, non-availability of own pumping system and maintenance issues of
drippers and sprinklers. Based upon the field study and analysis, it is imperative to
make design interventions in areas of system and procedures to develop a system
which is sustainable and has components of knowledge and finance inbuilt in it, so
that it can attract farmers.

13.4.1 Understanding the Present System

A system map (Fig. 13.1) was prepared to link all the actors involved in the process
of installing a micro-irrigation system using government subsidy. It was decided to
study this system only, as at present most of the installation has been subsidy and
policy driven. There are four major actors in this system. First is the farmer, who
applies for getting the subsidy. Second, Government of India who allocates financial
resources to each state and has developed the scheme of PMKSY—Per Drop More
Crop. The entire system follows the norms and guidelines set forth in this scheme
document [21]. The state government (receiver of funds) which has designated a
department (usually department of agriculture) to disburse the funds and oversee
the project implementation is the third actor. Entire monitoring and evaluation are
being facilitated by the state implementing agency. The suppliers of micro-irrigation
system are the fourth and last actor in this system, who get themselves registered for
supplying and installing micro-irrigation systems at the farmer’s site.

For availing the subsidy, a user (farmer/beneficiary) must fill up an application
(offline/onlinemode) and submit it to the concerned authorities of state implementing
agency. The department of agriculture has field officers, staff in all the districts of
the state, and they receive these applications from the farmers. A portal has also
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Table 13.11 Final ranking of
constraints after Garrett
analysis

Constraint code Garrett score Rank

C2 76.97 1

C4 73.49 2

C5 70.69 3

C1 65.58 4

C3 65.37 5

C6 58.44 6

C7 48.05 7

Fig. 13.1 System map showing the interaction between farmers, government, and suppliers

been developed by the state government [15] to receive online applications and
disseminate information about the scheme. The application is necessarily linkedwith
Aadhar (as in case of all Government Direct Benefit Transfer schemes) so that once
the approval and installation is done, the subsidy amount can be remitted directly to
his/her account.

The user has option to choose among a list of suppliers, as the government guide-
lines has mandated a fixed cost of items which can be given to the beneficiaries.
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Each supplier can however add-on additional benefits to the scheme for a premium
which is to be borne by the farmers. The state implementing agency forwards these
applications to the selected supplier, and an agreement is signed between the user,
supplier, and state government before the installation is carried out [21].

13.4.2 Understanding the Present Implementation Strategy

Asper the present system, the government has taken an approach to promote the use of
micro-irrigation systemamong farmers of the state through thePradhanMantriKrishi
Sinchayee Yojana (PMKSY) scheme. However, there are gaps in the implementation
strategy adopted by the state implementing agency which is reflected in the ranking
obtained in Table 13.11. Higher cost of investment is the top ranked constraint which
hinders the planning and approachof the government in promotionofmicro-irrigation
system. Due to higher cost of investment, people are attracted toward government
subsidies, but this has its own drawbacks, and owing to a complex system interaction,
people face difficulties. Another issue is that because of lack of knowledge about
installation ofmicro-irrigation system, farmers are notmuch inclined to use it.Micro-
irrigation is supposed to bemore effectivewhen usedwith fertigation, i.e., application
of fertilizers through the irrigation water, and this has been established in research
studies [6, 9, 10].

Therefore, one of the proposed strategies by government under the scheme of
PMKSY is to make effective use of fertigation through micro-irrigation. States being
the implementing agency are supposed to encourage the use of liquid fertilizer and
make necessary awareness among farmers on the benefits of fertigation. However,
no such information or feedback was given by the beneficiaries. As per the PMKSY
guidelines, focus and priority are to be given to the water scarce, water stressed,
and critical groundwater blocks/districts to conserve water. But there seems to be
unavailability of such data as per the feedback of respondents.

13.5 Inference

The various constraints identified as per Garrett analysis were mapped with the
present strategy and system of implementation to explore opportunities and design
system concepts. It is reflected in Table 13.12. As per the adopted MSDS approach
[20] for systemdesign, the background informationwas analyzed, and itwas gathered
that various factors like knowledge, system, and finance, pose hindrance toward
adoption of micro-irrigation among farmers of Assam. It is important to understand
these factors so that a revamped system can be designed.

At this stage of research, it is noticeably clear that if the cost of installation is less
and there are attractive financing options other than government subsidy, farmers
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Table 13.12 Inference system design parameters

Constraint Rank Comments on present system Factor

High cost of investment 1 As per the study, farmers are not
much inclined to take up this system
without government. subsidy. It can
be also due to lack of knowledge and
awareness about micro-irrigation
system

• Finance
• Knowledge

Difficulties in getting subsidy
from government

2 This can be attributed to nos. of
issues in the complex system map
and procedures involved in getting
subsidy. The respondent must go
through number of channels as
presented in the system map

• Finance
• System

Lack of awareness about
micro-irrigation

3 As evidenced from many studies
referred in this paper, the
micro-irrigation systems have many
advantages over the conventional
system of irrigation; efficiency of
system is one such parameter.
Fertigation (application of liquid
fertilizers through the system) is an
especially important feature, and the
respondents were unaware of this
possibility. The farmers are unaware
of this mostly in the present system

• Knowledge
• System

Abundance of Rainfall 4 As established from several studies,
abundance of rainfall cannot be taken
for granted for a geographical region,
owing to many natural changes

• System

Inadequate subsidy from
government

5 The scheme necessitates subsidized
grant of finance for only 5 ha of land
for a period of 7 years and the same
beneficiary cannot avail it again.
Here, again, there is a gap of
alternative financial support

• System
• Finance

Non-availability of water
source/pump

6 Since micro-irrigation system is a
pressurized irrigation system, the
presence of a pump of appropriate
capacity is of utmost importance.
Purchasing a set of pumps for the
system may put additional financial
burden on the farmer, and there must
be a system to support this element

• Finance
• System

(continued)
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Table 13.12 (continued)

Constraint Rank Comments on present system Factor

Maintenance issues after/before
installation (e.g., clogging of
drippers)

7 The after sales service provided by
suppliers must be upgraded or a
different system must be there to take
up the usual maintenance issues.
Awareness about micro-irrigation
can save the day for any beneficiary

• Knowledge
• System

may be interested. But this statement needs validation which will be part of next
course of action in this research.

13.6 Future Course of Action

The present work is a part of Doctoral research and future course of action includes
development of representative model of variables affecting the adoption of micro-
irrigation system in the region. This will also include working on a design of system
which is sustainable in nature and tailor made to suit the geographic area. The design
of system will have to invariably include all the parameters identified in this study
to make it an attractive option for the farmers to adopt.
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Chapter 14
Inclusive Design in Higher Educational
Institutes for People with Disability

Priyanka Yadav, D. Udaya Kumar, and Sougata Karmakar

Abstract Concepts of universal design are gradually making its roads in the design
and development of public spaces (airports, shopping malls, metro-railway stations,
etc.) and public utilitarian facilities (ATM, ticket vending machines, telephone
booths, etc.). Although the educational institutions are an essential category of the
public space, it is still deprived of harnessing the benefits of universal design in the
majority of the countries. When infrastructures are created for educational institu-
tions’ buildings, due considerations are given for architectural space layout, strength
and stability of the architectural structure, aesthetics and functional aspects, sustain-
ability parameters, etc. Barrier-free environments are created mainly for wheel-
chair users to make the institutional space inclusive to accommodate physically
challenged/specially-abled stakeholders (students, teachers, supportive staffs, and
visitors). Still, the requirements of different types of specially-abled people are not
aptly addressed to make the built-space inclusive. Here, it is worth mentioning that
the difficulties due to their various limitations among specially-abled people are
diverse. Thus, all these necessities are to be addressed collectively in the infrastruc-
ture of an educational institute. Besides infrastructures, various assistive aids are
crucial to facilitate quality education among specially-abled stakeholders. Through
a systematic review, the current research aimed at determining the extent to which
the issues/problems of the specially-abled stakeholders have been addressed in the
design and development of infrastructures and assistive aids in educational institutes.

14.1 Introduction

More than one billion of world populations have some form of disability, estimated
to be 15% of the whole population [1]. According to the Census of India 2011,
the population of India was 1.2 billion, of which 26 million people are disabled/
specially-abled, which makes up to 2.21% of the Indian population. Many families
are reluctant to share data about their specially-abled family members; this results in
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lesser reported data than originally existing [2]. This data does not include children,
pregnant women, people with strollers, and the elderly who are also required to be
included to make a building inclusive [3].

UnitedNationsConvention on theRights of PersonwithDisability (CRPD) article
1 states that “disability results from the interaction between personswith impairments
and attitudinal and environmental barriers that hinders their full and effective partic-
ipation in society on an equal basis with others”. Lin et al. [4] acknowledged that
equal accessibility for persons with disabilities has become an important area that has
led to increased awareness globally. This awareness gave way to the need to improve
current knowledge on the interaction of disability and built environment [5].

Evcil [6] concluded that moving through a city safely and independently is every
citizen’s right, so is accessing built environment. If the built environment is not
inclusive, opportunities for social integration are lost. However, accessibility is an
issue that is not going to vanish, but the conditions can be improved by evolving
designers’ awareness about it [6]. Heylighen et al. [7] explained that universal design,
inclusive design, and design for all are design approaches that aspire to include a
range of users. In this article, inclusive design will be used as an umbrella term,
as it reflects collective design approaches directly. By keeping diverse abilities into
account, the built environment can be made to provide opportunities and spatial
qualities to people through inclusive design [7].

Facilities are created mainly for wheel-chair users to make the institutional
space inclusive to accommodate physically challenged/ specially-abled stakeholders
(students, teachers, supportive staffs, and visitors). Still, the requirements of different
types of specially-abled people are not aptly addressed to make the built-space really
inclusive. Through a systematic review, it is aimed at current research to determine
the extent to which the issues/problems of the specially-abled stakeholders have
been addressed in the design and development of infrastructures and assistive aids
in educational institutes all over the globe.

14.2 Methodology

A detailed literature search was conducted using the online Scopus and Web of
Science database to shortlist papers using suitable keywords and their combinations.
These keywordswere associatedwith different aspects of universal design, physically
challenged/specially-abled and, infrastructures for educational institutes. Apart from
research papers, various Govt. reports and guidelines/ standards related to universal
design have also been explored. Available information was segregated and presented
under different headings and sub-headings to show the state-of-the-art review.
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14.3 Various Challenges Faced by People with Disability

Besides residential spaces, there are types of public buildings that are accessed by
different types of disabled population. Considering the built environment, population
with disabilities can be categorized as wheelchair-bound, sensory disabled, ambulant
and temporarily disabled [3]. The description of the categories is provided in Table
14.1.

14.3.1 Public Buildings and Environments

Kadir and Jamaludin [3] highlighted that standards and codes are majorly used for
measurement of a building’s accessibility for wheelchair-bound users. The other
types of disabled users are hardly considered for defining space allocations in a
building. It is suggested that a study from a diverse user’s point of view will be
beneficial for refining the existing standards. The following procedure was carried
out:

Eachparticipantwas chosen fromeach category like sensory disabled,wheelchair-
bound, ambulant and temporarily disabled who were from related institutions of
disabilities. Five public buildings that get high footfall from diverse users were
marked for study. They were asked to assess 15 facilities which were (“1. PWD
Parking Space, 2. Pedestrian Pathways, 3. Guiding Blocks, 4. Ramp, 5. Main
Entrance, 6. Door and Doorways, 7. Interior Pathways, 8. Information Counter, 9.
Stairways, 10. Elevators, 11. Escalators, 12. Signage, 13. Praying Room and Ablu-
tion Area, 14. Public Restroom, 15. PWD Restroom”) and emergency escape of the
building. Then they were asked to give their feedback on building’s comprehensive
accessibility.

The result of the audit was that the level of ease of accessibility varied based on
the type of disability of the participant. Visually impaired users gave the least rating
for satisfaction; the result shows that the design considerations were concentrated
on the needs of wheelchair-bound users, while users with sensory disabilities were
neglected. In conclusion, Kadir and Jamaludin [3] insisted on the need to make

Table 14.1 Categories of
disabled people [3]

Categories Description

Sensory disabled Person with partial or total hearing or
sight impairment

Wheelchair-bound Person dependent on mobility assistive
devices for movement

Ambulant Person able to walk but requires
handrails for support

Temporary disabled Person who is pregnant/sick/recovering
from an accident
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inclusive buildings so that people with varied disabilities can be catered to. It also
suggests to warrant an inclusive environment in built spaces. A thorough study in the
application of inclusive design in architecture is required, as it will also be able to
include users with unseen abilities such as children, pregnant mothers, people with
strollers, library staff carrying a stack of books, and the elderly [3].

Commercial buildings. Accessibility study of shopping complexes in Malaysia
done by Hashim et al. [8] indicated that the accessibility in buildings is required to be
improved to provide a better quality of life for the disabled population [8]. Bromley
et al. [9] assessed commercial complexes inMalaysia involving people with different
disabilities. It gave satisfactory result from the perspective of accessibility. However
to improve the quality of life of disabled people, improvements were recommended.
In a review done by Calder et al. [10] to assess public indoor fitness centres on
universal accessibility parameters, in which 10 out of 14 studies were from USA. It
was identified that accessibility of fitness center was poor for people with disabilities
[10].

Service sector. In many countries, large restaurants have to be abided by the laws to
have accessibility but small andmedium restaurants are not required by law to provide
accessible environment. This ends up creating a service gap between possible person
with disability customers and small and medium restaurants [4]. Wazzan [11] did a
study to evaluate, establish and document disabled friendliness of accessible hotel
rooms, surveyed the complaints regarding accessible hotel rooms. They concluded
that the accommodations needed to suit different types of disabilities but because of
lack of consideration in standards made it hard to achieve. These issues arise because
of neglecting principles of human factors accommodations [11].

A study by Tutuncu [12] brought it to notice that hotel satisfaction of person with
physical disabilities is connected to forms of assistive devices, disability types and
accessibility factor. Different physical disabilities cause different range of issues,
characterization and identification of all possible impediments to accessibility is
challenging. Hotel satisfaction is suggested to be predictable by accessibility of
rooms, bath in rooms, public areas, recreation areas, areas of food and beverages.
As every physical disabled person experiences disability differently, it can affect
their hotel satisfaction as well. Researchers concluded that people with acquired
disabilities, wheelchair-bound users and powerchair users are themost disadvantaged
in terms of accessibility and it may become the reason of poor hotel satisfaction [12].

Travel and transportation. Community integration can be achieved through good
accessible design practices that are safe, accessible and efficient and that caters to the
need for visually impaired, hearing impaired and people with reduced mobility [13,
14]. A study done on a bus andmetro barrier-free system, highlighted the importance
of maintaining the barrier-free facilities and administering them so that these can be
fully utilized by the disabled and elderly population [15]. Besides the maintenance
of resources, the Aarhaug and Elvebakk [16] had the opinion that the accessibility
should be available “from door-to-door, not only from bus stop to bus stop” [16].
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Darcy [17] explains that for wheelchair-bound travellers, their impaired body and
their management for it; assistive aid they use; an accessible built space and acces-
sible customer service attitudes, these four components make up their embodiment
for themselves. While air travel, if any of these components are disrupted because of
air travel chain’s inaccessible services, travelers find themselves as “(DIS)embodied
‘nature of being’”, where their citizenship is removed by damaging their inde-
pendence and dignity [17]. These studies represent the ignorance that person with
disability endure because of inaccessible built environments and facilities.

Recreation. Darcy and Dickson [18] presented the case of accessible tourism by
examining the concept of whole-of-life approach. They analyzed the relationship
between tourism, access, aging, and disability. Followed by reviewing accessible
tourism and places from the perspective of universal design and explored the legis-
lations that shape the future of accessible tourism in Australia [18]. Mullick [19]
discussed the accessibility in National Park and points out the aesthetic, economic,
and ecological implications of providing greater access in natural environments,
concluding that there is a need to define policies to preventmisuse of natural resources
[19].

According so the survey by Lovelock [20], which was done on 400 tourists and
residents with mobility disabilities and able bodied. It was carried out to study the
desire for accessingwild spaces. The survey concluded that the people with disability
showed similar enthusiasm for tourism in wild spaces, but the inaccessibility keeps
such spaces out of their reach [20].

14.3.2 Institutional Buildings and Environments

Anauditwas done byOsman et al. [21] at theUniversity ofMalaya,KualaLumpur, by
surveying the campus for facilities provided for people with disabilities. It aimed to
check the campus area based on standards and opinions of people with disabilities on
the facilities provided in the campus area and provide recommendations to improve
the accessibility of the campus using the users’ perceptions. It was found that the
campus was not able to follow the inclusive design in some areas as pathways were
inaccessible, and since most of the respondents were visually impaired, they were
found having issues with the signage system because it was making wayfinding hard
for them [21].

Stetieh [22] in a similar study, done at the University of Jordan, used interviews
with students, staff members, and other stakeholders. The analysis unveiled that
users faced problems in class and campus. Peer and lecturer related issues, e.g.,
hearing-impaired student was not able to concentrate as they were bothered by the
background noises andwere unable to follow the lecture if the lecturer was not facing
them andwas not able to use the induction loop out of fear of standing out from peers.
Some issues were based on unfavorable weather conditions such as water clogging;
it caused problem for cane using blind students and ramps became slippery because
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of snowfall. Other issues were emergency alarms not being favourable for hearing
impaired, as a faculty suggested incorporating lights in emergency alarms [22].

Ambati and Ambati [23] found inaccessible built spaces as a hindrance in educa-
tional experiences of students with disabilities, though the focus was on the change
that is required in policies to improve management of colleges. They suggest that
by providing supporting disability coordinator who can assist and help students with
disability in getting assistive devices or interpreters campus can become accom-
modating for students with disability. They also recommended that there should be
funding provided for technical training of staff to help in getting academic success
[23].

Taking a new approach by interviewing 119 faculty members who follow inclu-
sive pedagogy, from 10 Spanish universities, Morina and Orozco [24] based their
qualitative study on barriers and aids in learning and participation. Bureaucracy and
social stigma were emphasized as hindrances in accessibility while it was suggested
that the rigidity of the curriculum should be relaxed to make education inclusive.
This approach might help in supporting the students with different abilities because
they have a different pace from abled-bodied students [24].

Lopez-Gavira et al. [25] in a four-year-long multidisciplinary study included
experts fromdifferent fields (educational sciences, economics, health sciences, exper-
imental sciences and humanities). The study was done on 44 students with disability,
for the purpose of knowing the perspective of university students toward the required
improvements in classrooms. The key requirements for improvements were acces-
sible spaces, change in teaching methods to make them more accessible, and the
necessity of trained teachers, so that they are able to provide help to students with
different needs [25].

A quality of life assessment was done on a sample size of 203 handicapped
students, integrated into higher educational institutions. Through the survey, it was
revealed that with the physical barriers, students were also facing issues in context of
course and the delivery of it. These issues made the students to report their quality of
lives to be dissatisfactory. Nandjui et al. [26] suggest that the change can be brought
by providing financial measures to these students and by improving the legislations
in their favor [26].

14.3.3 Institutional Architectural Spaces and Stakeholders

Study by Raheja and Suryawanshi [27] done at Jawaharlal Nehru University in India,
focusing on the informal spaces, concluded that these spaces play a major role in
creating a cohesive social structure for students [27].

Raheja and Suryawanshi [27] defined educational campuses as a complex, city-
like structure composed of people from varied cultures, genders, castes, sizes, and
abilities. User mapping was used before the assessment to define stakeholders from
the perspective of accessibility in an educational campus setting (Fig. 14.1) [28].



14 Inclusive Design in Higher Educational Institutes … 171

User mapping 

Students         Faculty         Staff         Children         Elderly        Guests/Visitors 

Fig. 14.1 User mapping framework for the educational campus. Source Inclusive strategies for
universal access in an educational campus environment

Ceresnova [29] suggests that introducing inclusive design in the course of students
can sensitize them for people with varying needs; it could improve the future of
inclusive design as students are the main stakeholders of the future [29].

14.3.4 Existing Design Guidelines for Architectural Spaces
and Buildings for Specially-abled People

European Committee for Standardisation compiled a report for analysing accessi-
bility in the built environment. Klenovec and Isabela [30] inspected the feasibility of
existing European and international standards, building codes, technical regulations,
and guidance documents for inclusive buildings. The study highlighted that there
are little data and guidance available for the issues faced by people with sensory
disabilities and learning difficulties than what is available for people with motor
disabilities.

It pulls the attention to the shortfalls of efficient and adequate conformity assess-
ment and enforcement processes currently in force. These shortfalls make intro-
ducing new and existing regulations, guidance documents, mandates, and directive
redundant and as a result the situation of accessibility in-built environment stays
stagnant.

Klenovec and Isabela [30] call for change in the education system by introducing
courses on Universal Design or Accessibility to sensitize the stakeholders in building
industry, i.e., construction engineers and architects. It was concluded on the basis of
a survey done on 336 European universities that offer architectural courses in which
only 5% were providing obligatory lectures on Universal Design or Design for All
[30].
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14.3.5 Existing Facilities and Assistive Devices which could
be Used to Facilitate Specially-abled Stakeholders
in the Institutional Scenario

To complete course requirements through improving their abilities, people with
disabilities need to use assistive technologies in the educational campus [23]. Assis-
tive technologies for accessibility and learning used by people with different abilities
are discussed below:

Partially sighted or visually impaired: Visually impaired people need the following
aides for learning such as magnifying lenses, large print, Braille books, Braille
embossers, audio recorder, information in electronic format, Information and
Communication Technology (ICT), Optical Character Recognition software, elec-
tronic readers, Video magnifiers and magnification software, speech output systems
(Job Access With Speech (JAWS)) and electronic Braille devices [31]. Assistive
devices required for accessibility in the built-environment are white cane, elevators
with tactile buttons, and emergency alarm with sound notifier [22, 32].

Hard of hearing or hearing impaired: Devices required for learning for hearing
impaired people are hearing-aids and induction loop. Emergency alarm with visual
indicators is required for an inclusive built environment [22].

Speech Impaired: Assistive device required while learning is augmentative or
alternative communication devices [33].

Physically impaired: Assistive devices for accessibility are crutches or four-point
cane, walkers, manual and powered wheel-chairs. For upper extremity reacher and
grabber, mechanized page-turners for reading and add-on enlarged handles for
writing [34] are available.

14.4 Research Gap and Way Forward

The paper is an attempt to investigate the existing relevant studies on the condition of
accessibility in higher educational institutes. It is an effort to provide exclusive data
on disability issues in institutes on the level of policies for disabled stakeholders,
social inclusivity, and guidelines for the inclusive built environment.

The existing studies fail to discuss the requirements of assistive technology for
people with different disabilities. They also lag to identify exclusive requirements
of people with visual, hearing, speech, and physical impairments for learning and
accessibility in educational institutes.

Further research in the area of inclusiveness of architectural space and assistive
facilities for people with disability in higher educational institutions can examine
following research questions:

1. What are the issues that a person with disability faces in their everyday life?
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Fig. 14.2 User mapping framework for the educational campus. Source Inclusive strategies for
universal access in an educational campus environment

2. What are the issues that are specific to built environment?
3. What are the existing guidelines that are followed to make a built environment

accessible?
4. What are the assistive devices that are being used in the context of higher

education by people with disabilities?

Identification of the challenges faced by personwith disability in higher education
institutes and a systematic research on assistive facilities and guidelines that are
available in other domains can be the aim of further study. The aim could be achieved
through following objectives (Fig. 14.2).

1. To identify the research gap and frame appropriate research questions to
understand people with disability.

2. To identify the challenges faced by people with disability in higher educational
institutes.

3. To study exiting design interventions and assistive facilities available.
4. To propose and develop design interventions with favourable guidelines.
5. To validate the effectiveness of developed design interventions and appropri-

ateness of guidelines for providing assistive facilities.

Scott et al. [35] suggested that while systematic research on universal design in
higher education institutes is encouraged, it is also recommended to collaborate and
utilize the experience of professionals across boundaries.

It will be beneficial in the Indian scenario to emulate the strategies of including
professionals from different fields (i.e., architects, engineers, designers, and building
managers, etc.) with disability advocates and users from institutes while the design
is in primary stages. These collaborations and discussions will direct the discussions
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on inclusive design further and untangle the issues underneath that are acting as a
hindrance to the development of inclusive environments.

14.5 Discussion

The study draws attention to different aspects that are important to attain inclusivity
in higher educational institutes.While the studies used similar qualitative methods to
collect primary data, such as questionnaire, the results were dependent on the domain
of study such as analysis of built space, universal learning, pedagogy and analysis
of factors causing inaccessibility in a campus. The general issues mentioned are as
follows:

1. Issues in signage.
2. Inaccessible parts of campus.
3. Inaccessible pathways.
4. Peer and faculty behaviour and support.
5. Role of disability coordinator and management of the institution.
6. The renovations being done failed to facilitate PWD adequately.
7. Students feeling disabled in absence of required facilities.
8. Building guidelines being focused on wheelchair-bound, ignoring sensory

disabilities.
9. Social stigma and anxiety of being seen as taking advantage of the system

through their disability.
10. Students reported to have low quality of life, and there was no significant

difference if students with physical or sensory disabilities.

These studies helped in defining the issues that stakeholders with disability face,
but they are focused on one institute and its built environment. One study exam-
ines ten public colleges, but it is focused on pedagogy and faculties’ view on the
condition of disabled students [24]. The literature is missing regarding the combined
perspective of different stakeholders that play a major role in designing, managing
and maintaining the institute, i.e., architects, policymakers, disability coordinators,
and faculties, as they all play a major part in making an institute inclusive.

14.6 Conclusion

There are different factors affecting inclusivity in higher educational institutions.
These factors depend upon policies at the level of campus management, stakeholders
in campus (i.e., disability coordinators, faculty, support staff, students), availability
of assistive devices (hearing aids, cane) or technology (digital study material, Infor-
mation Communication Technology), built structure (i.e., elevators, ramps, stairs,
classrooms) and built environment (i.e., signage, wayfinding, ease of accessibility),
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the social environment around the person with disabilities, financial factors and
universal design in learning. From the perspective of a designer and architect, it
limits the focus on built structure, built environment, and assistive technology.

In the context of Indian educational institutes, there is a need to build guidelines
for bringing inclusivity in the built environment, as the current guidelines are defined
focusing on the requirements of people with physical disability while the needs of
people with other disabilities are ignored.

Designers, engineers, and architects should focus their research to address
this relatively ignored domain of making the public space like academic insti-
tutions universal in nature to overcome the limitations of specially-abled toward
enabling them as an equal independent part of the society without the feeling of
separation/segregation.

By providing inclusive design in a built environment, the barriers between
disability and education can be broken. This will clear the path for an inclusive
and diverse society and workforce.
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Chapter 15
Modular Communication as a Structure
for Sustainability Within Social
Enterprises

Mehak Gupta

Abstract How can communication designers think systemically, within the context
of modular communications, to design for social enterprises aiming to create socio-
environmental impact? This research explores modular communications as a struc-
ture to empower sustainability within social enterprises and to create social impact
through messaging. It contextualizes the working of more with less over less with
more. By using a multiple case study approach (five social enterprises mainly from
India, South Africa, and Kenya), the findings of which communication strategies
work (education, participatory action, positive messaging, action-oriented engage-
ment) andwhich do not (negativemessaging, blind reliance on socialmedia, no social
proof), become core themes. Interviews with the enterprises’ key leaders address the
intention and outcome of their messaging. Thematic analysis was used as a system-
atic yet flexible approach to achieve the core themes. The study also led to the
creation of a diagram to visually analyze the communication touchpoints of the
enterprises, in modules. The core themes (as foundation) and modular communica-
tion (as structure) together suggest the achievement of sustainability within social
enterprises and on-going effectiveness of their communication systems. This paper
can act as a guide for designers passionate about creating impactful communication.
It sprouts conversations about processes that are required in order to achieve the
desired end-product.

15.1 Introduction

Ground-level work that deals with real-world problems is predominantly associated
as a volunteering activity or a selfless deed. The resources for such work are majorly
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acquired in the form of charity or in-kind. Donating clothes to the poor or being
conscious about switching off the lights before leaving a room has often been termed
as selfless or good behavior [1]. “The norm of giving implies that one should want
to give, not because of any anticipated returns but for its own value” [1]. The social,
environmental, or even cultural centricwork is considered to promise no conventional
incentivizing return on investment (be it time, energy, or resources) [2]. It is because
of this reason that socialwork ismainly considered an act of selflessness. Even though
altruistic work is needed for effective survival of our society, our global problems
need consistent focus and a sustaining approach for resilient change [3–5]. Social
enterprises bring with them a sustainable approach to tackle real-world problems [5].

Young designers today are sensitive to the changes in society. Political unrest,
climate change, disease and pandemics, world peace, etc. are some phenomena they
critically think about [6–8]. Global super-systems are layered with complex sub-
systems, and hence to move one node, one must shift several others [9]. Designers
need to unfocus [10], that is take a step back from directly coming to the design
solution and spend more time in the questioning and iteration phase to focus on the
processes that come before [11].

The objective of this paper is to conduct case studies of five social enterprises
working for socio-environmental impact. The study aims to illustrate the commu-
nication strategies (core themes) that worked and did not work to fulfill their social
and business motives. The research has resulted in the creation of a communication
analysis diagram (CAD), designed by the author as a novel approach to visualize
communication touchpoints of existing enterprises, in modules. It facilitates this
analysis by allowing the user to see one module in context of the whole system.
The user can then point out the constraints in the communication system up to the
minutest node.1

This paper suggests that modular communication can serve as an effective tool for
sustainabilitywithin social enterprises. Through the course of this research, an under-
standing of the terms modular communication and systems thinking has evolved.
These become key tools for sustainability within a social enterprise.

Modular communication is an incipient term. Communication that uses modules
to flexibly communicate information ismodular communication.Modules are almost
like building blocks. Coupling the definitions of “modular” and “communication,”
“modular communication” can be defined as: “exchange of information constructed
with standardized units for variety in use, ex: modular furniture” [12, 13].

Sustainability is defined as “being amethod of using a resource so that the resource
is not depleted” [14]. Within a social enterprise, these resources are tangible and
intangible (i.e., time and energy).

This research aims to aid a link betweenmodular communication (as a structure of
communication systems) [15] and the core themes (as the foundation) that together
lead to the sustenance of resources within the social enterprise. The findings and
discussions can act as a guide for passionate designers wanting to create social
impact through their work.

1 See Fig. 15.2, nodes represent details about each communication channel.
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“Design can and must become a way in which young people can participate in
changing society”—Victor Papanek [16].

15.2 Methodology

15.2.1 Multiple Case Study Approach

The five social enterprises chosen are based in different geographical locations,
mainly India, Kenya, and South Africa. Each of them is at varying stages of growth.
The research methods include:

1. Observing the enterprises’ visuals/messaging digitally.
2. Conducting interviews with the key leaders of the enterprise.
3. Studying secondary resources to understand existing workable and unworkable

communication strategies for social change.

15.2.2 Conducting Research

ResearchStatement.Modular communication as a structure for sustainabilitywithin
social enterprises.

Primary Research.

Interviews. Purpose: understanding business strategies and the enterprises’ inten-
tions, successes, andmeasurement ofmessaging. An interviewwith one keymember,
founder, or communication strategist, aided in bringing the creator’s perspective to
all the communication, which otherwise would only be seen from the receiver’s end.
Table 15.1 shows the two types of interviews conducted: (1) semi-structured and (2)
structured. To maintain anonymity, the interviewees are coded as I-1, I-2, I-3, I-4
and I-5.

Secondary Research.

Observation. Purpose: identifying visual touchpoints to analyze the link between the
designer’s intention and the actual output. This was done by observing all social
media platforms, assessing the website and testimonials, media mentions, and the
communication material provided by the interviewees (if any).

The key study areas were type of business, brief of the work they do, brand core,
strategy management, target audiences/stakeholders, visual communication chan-
nels, most innovative thing, and business analysis. Figure 15.1 shows the brand core
of each social enterprise.

Studying secondary resources to understand existing workable and unworkable
communication strategies for social change. Purpose: identifying and correlating
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Fig. 15.1 Brand core of the five social enterprises. The content is adapted from the interviews
and/or the brand websites [18–22], as per year 2020

existing frameworks. All the social enterprises are picked because they have inno-
vative business models making socio-environmental impact. This secondary study
provided key insights directly applicable toward communication design outcomes.

15.2.3 Data Analysis

Thematic analysis, as a six-phased method documented by Braun and Clarke, is
used flexibly [23, 24]. The process has been more iterative and reflective, rather than
linear [25] due to the nature of the study. The qualitative data includes observations
of branding elements and communication channels, along with five interviews. The
data was in the form of texts, documents, multimedia, public domain sources, and
photographs [26] (Table 15.2).

Along with the findings of the thematic analysis, an outcome of this study was a
communication analysis diagram as a structure for modular communication.
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Table 15.2 The six-phase method adapted from Braun and Clarke [24]

Phase
1

Familiarization Transcripts were created for the audio-recorded interviews with details
of the interviewee’s pauses and changes in tonality of voice. Reflexive
notes were collated about the observations and stored on an excel
sheet alongside the raw data

Phase
2

Coding The interviews are the “creators” point of view for every enterprise.
The observations are the “observers” point of view, i.e., received
information. Data sets from both perspectives were triangulated with
the raw data itself. The sorting and organizing of these data sets was
done manually. Coding was done in as many themes as seen fit

Phase
3

“Searching”
for themes

A deductive, latent, and interpretative approach was applied [23]. A
creative way (maps) was used as a data analysis tool [25], to
understand the relationships of the diverse themes generated

Phase
4

Reviewing
themes

Five themes are generated. Each one has been referenced to see that it
is grounded in the raw data. A scope for every theme has been created;
what it entails and why

Phase
5

Defining and
naming themes

Each of the five themes defined is a workable or unworkable
communication strategy derived from the data analysis. All are named
using some keywords stated by the interviewees

Phase
6

Writing the
report

Short and long quotes are used as part of the writing alongside
interpretations, in Sect. 15.3. No member checking was conducted with
the interviewees. The diffusion of innovation theory created by Everett
M. Rogers, 1962, as cited by Maloney [27] was used to examine the
practical application of the themes, in Sect. 15.4.2

15.2.4 Limitations

1. The interviews with key leaders demonstrate their sole opinion and reasoning
which can differ from the other designers within.

2. The social enterprises studied are on a growth curve and are being recognized in
the markets for their work; their communication strategies will keep evolving.

3. This study is conducted with the lens of communication design and does not
directly take into account exclusive product or service outreach.

4. The communication analysis diagram (CAD) is suggestive and facilitates the
visual analysis of communication channels, asmodules. It is created after several
rounds of feedback from design experts guiding this study. It is not however
evaluated by communication designers. Its function beyond this research paper
has future scope of study.

15.3 Results

Communication Strategies as Core Themes. This paper suggests that modular
communication is a structure for efficient communication systems. However, the use
of such a structure was not a significant in the case studies. What emerged from the
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qualitative data analysis were workable and unworkable communication strategies.
The most prevalent ones are derived as the core themes. However, these themes are
comprehensive only to the extent of their function within the studied enterprises and
their current communication systems.

Core Themes.

Education as a participatory action tool is empowering. Social enterprises that
educated their target audience and stakeholders as part of their communication saw
the possibility of lasting impact. For thirdworld countries like SouthAfrica and India:
“environmental impact is not very high on the majority’s agenda. If people have to
hustle and work very hard in order to feed their family, protecting the environment
from plastic waste isn’t something on their list of priorities.” (I-1) “The crowd here
isn’t very rich. The main goal of people here is to make money. They don’t know the
havoc that plastic has created everywhere. They have nothing to do with nature.” (I-
2). Initially, Ecobrick Exchange propagated incentives for the making of ecobricks2

within communities. Slowly, they changed their approach: “if we can teach people
to have unique skills, but also to use those skills to start their own micro businesses,
then we can see that we will have more sustaining environmental impact.” (I-1).

Kabaadey.com’s founder demonstrates the struggles of not having an audience
who gets his work. For students after him, he wants to bring an “entrepreneurship
curriculum” that will foster an environment of growth. (I-2).

The FlipFlopi educates its audience about a global problem with a local solution.
This contextualizes a sense of citizenship and serves as a message for the rest of the
world, to ask questions about.

Understanding cognitive skills inspires action. To create messaging for global prob-
lems, three studied enterprises explicitly stated that positive messaging ensures
sustaining impact. “Fear is generally an ineffective tool for motivating consistent
engagement” [28].

The FlipFlopi is a hugely positive, visual and mediagenic project - the concept of a boat
sailing around the world is a communications and a campaign tool in itself: because she is in
motion and multi-colored, she attracts the eye of the media as well as brings people together
when she arrives at community destinations. (I-5)

Their message “celebrates the amazing work being done by FlipFlopi recyclers,
sailors, dhow-builders as well as all the other artists, women, community members,
activists—who are the real unsung heroes of the plastic revolution.” (I-5).

Ecobrick Exchange was also named around messages of hope and not despair.
“We wanted to celebrate people taking practical steps to protecting the environment”
(I-1).

Actions beyond awareness give results. The enterprises saw that their work and
messaging needed to inspire action. Social change occurs when shifts in human
thinking and behavior are translated into action. “We deliberately design ourselves

2 “Ecobricks are thermally insulating bricks that are made by simple compressing unrecyclable
plastic into 2L bottles [18].”
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out of being an addictive system, focusing on developing the agency and skills of
others to go and make change in the world.” (I-4) “We want people to start habits
that are good for the environment and we want them to have reasons to continue
those habits so that if we are no longer around to support or remind them, they will
be motivated to continue those habits.” (I-1).

Kabaadey.com and UnSchool involve their end users as part of their iterative
processes. “Plastic is harmful: if I explain it like that, nobody is going to understand.”
But if “an object is created out of recycled plastic; a child will understand because he
is seeing and using it.” (I-2) “Check out participatory action research ideas… include
the population you are designing for in the conversation - you are not designing FOR
them; you are designing WITH them so as to not impose your ideas about what is
best.” (I-4).

Blind reliance on social media (SM) can have social, economic and environmental
drawbacks. Not every time are seemingly “popular” communication channels the
best suited for an enterprise’s purposes. Sometimes, the beneficiaries of social enter-
prises do not have access to SM. Ecobrick Exchange experiences that SM’s efficiency
lasts only till “updating” the public and not as a measurement for change. SM plat-
forms also go wrong to update any “failures or removal of campaigns,” limiting the
audience’s real-time knowledge.

In 2020,UnSchool is “dramatically reducing” their extensive SMactivity based on
an in-house report they did on the “social and environmental impact of the internet”
(I-4). Their “rate of success” is “best measured in the testimonials and amazing
projects their alumni go on to complete, and the… successes of the organizations
they design interventions and workshops for” (I-4), not social media metrics.

No social proof of an enterprise’s innovations can lead to fallouts. If communication
design is not planned as part of a business system, it could lead to enterprise fallouts.
Example—when Sampurn(e)arth was founded, it gainedmedia appeal and was listed
as one among the top businesses. However, failing to display crediblemediamentions
on communication channels, lost them their visibility. This emphasizes the need for
social proof to keep the enterprise known in the population. This proof can takemany
forms, media mentions, testimonials, word of mouth, etc.

15.4 Discussion

15.4.1 Communication Analysis Diagram (CAD)
as an Outcome

The core themes create the foundation for the enterprises’ communication. However,
these core themes are one of two key elements of the whole communication process,
for which the second element is the structure, i.e., modular communication.
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Fig. 15.2 Communication analysis diagram created as an outcome of this research process—aimed
to facilitate visual analysis of the communication touchpoints within every social enterprise

The observation and analysis of the communication touchpoints led to the creation
of the CAD (Fig. 15.2), which presents digital, print, and media platforms. CAD
presents these touchpoints as modules. It becomes clear to see one module in context
of the whole system and easily identify constraints right up to the minutest detail.
Each module has a distinct intent and can be improved without affecting the whole—
lacunas in one will not affect performances of the others [15]. CAD gives a visual
structure to facilitate an analysis, as otherwise, it could get overwhelming. It is
intended for use by communication designers and other key leaders within an enter-
prise to distinguish how the system can be restructured tomake it modular. A periodic
review of the diagram will make these systems all the more efficient in making the
desired impact.

The several modules of the CAD include—brand core, stakeholders, branding
elements, #number represents communication channels: ex. #2 is website and #6 is
a training manual. The nodes attached to these channels enable detailing. “a, b, c…”
represent supplement communication material to every channel. The vertical axis
(top and bottom) divides the for-profit and non-profit work into modules.

Modular communication is a structure ensuring theworking ofmorewith less over
less with more [15]. Messages can be organized and disseminated to the intended
target audiences through each module. This will ensure lesser wastage of tangible
and intangible resources. Additionally, consistent review of these systemswill ensure
that the communication is making the intended socio-environmental impact.

One of the main reasons for the fallout of social enterprises is when the business
models are not sustainable [29], i.e., the profit-making motives and the non-profit
motives are not parallel (one takes precedence over the other). The CAD helps put
a structure for every communication module which is important for both of these
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ends. Though the CAD can be an effective structure, there has been no quantitative
measure for evaluating its impact. That is the future scope of this study.

15.4.2 Diffusion of Innovations Theory (DOI)

The DOI theory has been used to explain which part of their journey the social
enterprises are currently at (Fig. 15.3). This has been useful to examine the current
workingof communication strategies,within theworld population. It also emphasizes
whether early use of modular communication will help reach desired goals faster as
compared to those enterprises using them at a later stage. The social enterprises
are considered to have “innovative business models to generate profits while also
creating significant social impact” [5]. The theory states that the world population
is divided in five parts [30]. The first 16% are quickest in adopting new innovations,
as they are introduced [27]. The chasm is a break after that—which is the hardest
for any innovation to cross over as the 84% population after that depends on “social
proof” to buy a new idea [27].

Fig. 15.3 Analyzing the population outreach of the social enterprises using the DOI theory adapted
from Everett M. Rogers by Maloney et al. [27]
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15.5 Conclusion

The research analyzes case studies that are rooted in socio-environmental impact. It
presents strategies (core themes) as findings from the thematic analysis for effective
communication. These strategies will help reach people for whom it is otherwise
difficult to realize the value of the work being done. When designing for social
causes, measurement of impact will convey if communication is facilitating change.
The DOI theory is one way of measuring impact.

The core themes act as foundation to the communication systems. Modular
communication is the structure. One way to visually analyze the communication
systems of social enterprises is the CAD. The analysis will present how the system
can then be restructured to be made modular. Modularity can be achieved by any
enterprise designing its communication in flexible standardized units.

Sustainability is the mindful use of tangible and intangible resources. Every part
of the system must be modular enough so as to enable such sustainability. From
“modular brochures” (I-3) and “modular presentations” (I-1) to an overall system
thinking approach, all of these ultimately lead to systemic change. Systems thinking
is “seeing the whole beyond the parts,” and “on the other hand, it means seeing the
parts in the context of the whole” [31]. Systems thinking enables the design and
implementation of social impact projects from a holistic perspective.

Leaving the audience with a “sense of agency” (I-4) and giving them “reasons to
continue” (I-1) without the physical presence of the social enterprise ensures self-
sustenance—which in the longer run allows for scaling sustainably. Communication
design can facilitate such autonomy with action-oriented modular messaging.
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Chapter 16
Introduction to Self-help Books/Texts
for Design Students

Shefali Yadav

Abstract Time spent at college is a happy experience and a fond memory for most
of the students but for some, it has many rough patches. Everyone’s situation is
unique, but there are a few problems that almost all college students deal with
at least once during the time they spend in college. 72% of students in India are
unaware of how to deal with stress and its ill-effects as studied by Dr. S.G. George.
A study by NIMHANS has also found that 11% of college students have attempted
suicide because of stress. The purpose of this study is to analyze the kind of stress
design students go through and how taking help from a self-help books/texts can
guide students to deal with the feelings, thoughts or behavior that come with stress
and anxiety and can act as bibliotherapy for them. Self-help books take insights
from psychological science and draw in particular on the newly developing “positive
psychology”. There is evidence that bibliotherapy is effective in the treatment of
psychological disorders. To know how self-help books can help the design students,
eight in-depth interviews with the current and former design students were taken
who have experienced the stress and triumphed over that with the help of self-help
books. A survey amongst the students was conducted to know about the stress they
go through and how they deal with it, what they most need at that moment and their
awareness about self-help books.

16.1 Introduction

College is a time of significant transition. Many students stay away from home for
the very first time and have less access to support from family and friends. Though
they have more freedom at that time, some students go through stress because of
pressure of assignments, increase in competition, new environment, homesickness,
language issues, sometimes even lack of support from family because of choosing
field which family does not prefers, etc.

S. Yadav (B)
PLC State University of Performing and Visual Arts, Rohtak, Haryana, India
e-mail: shefali2y@gmail.com

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2021
A. Chakrabarti et al. (eds.), Design for Tomorrow–Volume 2, Smart Innovation, Systems
and Technologies 222, https://doi.org/10.1007/978-981-16-0119-4_16

191

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-0119-4_16&domain=pdf
mailto:shefali2y@gmail.com
https://doi.org/10.1007/978-981-16-0119-4_16


192 S. Yadav

Center for the Study of Developing Societies conducted a survey in which about
4 in 10 students in India have experienced bouts of depression in the last few years.
Prime Minister Narendra Modi also addressed the issue of mental health among
students and urged for “expression of depression instead of its suppression” in his
radio address. As per Lancet 2012 report, India has world’s highest suicide rates
for youth aged 15–29. It also illustrated the need for urgent interventions for this
demographic. About 4 in 10 students in India have experienced bouts of depression
in the last few years as per a survey done by the Center for the Study of Developing
Societies [9].

Students cannot always share these problems with their parents because in some
cases, they stay in different city, their tricky age or even sometimes they have fought
with their parents to join creative courses like design. They cannot share with their
school friends as they are also going through same kind of feelings or are enjoying
one of the most memorable time of their life. Mentors are available in some colleges
but they come on particular days and some students feel uncomfortable sharing their
personal stuff with unknown person at that age.

At that time, students can be introduced to self-help books which can guide them
and be of great help to them and can act as bibliotherapy. In bibliotherapy, literature
is used in any form that can help in finding a way through psychological, emotional
and social problems.

16.2 Literature Review

16.2.1 Stress in Students

Due to complicated emotional eco-systems, young adults are easily afflicted by
emotional, behavioral, learning or mental disorders which also include anxiety,
depression, bi-polar disorder, disruptive behavior disorders, intellectual disability
and ADHD. Mental concerns, racial, sexual or religious discrimination, emotional
issues, body shaming, low self-esteem or insecurities, family or financial problems
and even hormonal issues can also occur due to environmental challenges. Mental
concerns often manifest themselves as lack of motivation, poor academic perfor-
mance, social interaction issues and sometimes even self-harm. They also have to
contend with the beast of stigma attached to mental issues. Students, parents and
teachers—all 3 play an active part in ensuring mental well-being. In India, parents
often go into denial mode when it comes to their child’s mental health, stating, “My
child has no such problems!” [2].

Counselors revealed that youth finds it difficult to cope with failure in careers and
in that case neither families nor the institutions offer adequate support. India endures
an 87% shortage of mental-health professionals due to which it is difficult to find
professional help. India does not spend enough onmental health. India spends 0.06%
of its health budget on mental health only currently. According to 2011WHO report,
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many developed nations spend above 4% of their budgets on mental-health research,
infrastructure, frameworks and talent pool. India, faces an 87% shortage of mental-
health professionals. There are 3800 psychiatrists, 898 clinical psychologists, 850
psychiatric social workers and 1500 psychiatric nurses nationwide, according to a
reply by the Ministry of Health and Family Welfare in the Lok Sabha in December
2015.According to data fromWHO, therewere three psychiatrists permillion people,
95% fewer than the Commonwealth norm of 5.6 psychiatrists per 100,000 people.
India is short of around 66,200 psychiatrists [10].

16.2.2 Introduction to Self-help Books

Dictionary description of self-help is “the acts of helping or bettering oneself without
the aid of others”. The books with which way one copes with his/her personal or
emotional issues without professional help are self-help books [1]. Self-help books
are utilized as a cost-effectiveway of reducing psychological or emotional difficulties
[13].

Categories of Self-Help Books. The common themes of self-help books are self-
discovery, finding inner strength and living happier and fulfilling life [12]. Main
themes of books are growth, relationships, coping and identity. The commonmessage
shared by all the self-help books is that you can improve yourself [1].

Nature of Writing. Majority of authors want to keep the writing style accessible.
Readers are able to recognize that addressing readers explicitly using personal
pronouns is a linguistic feature of self-improvement books. Keeping the chapters
shorter and concisemessages keeps the readers engaged. It is unnecessary for authors
to explain an idea extensively. One of the ways to be concise is to organize the
message like a series of bullet-points. Readers do not read the full book instead they
read chapters as per their needs [8].

16.2.3 Effectiveness of Self-help Books

When examined effects of self-help for unipolar depression and anxiety with 272
participants by comparing the difference in effectiveness between treatments like
bibliotherapy, individual therapy, group therapy or waiting list control group it was
found that “Bibliotherapy is an effective treatmentmodality, which is no less effective
than individual or group therapy” [3].

Advantages of self-help books are they are helpful for those who are literature-
oriented, they may expedite treatment gains when used in conjunction with therapy,
they are cost effective, they may serve as a—if not the only—viable alternative to
those who are resistant to, or are restricted from, traditional mental-health treatments
[5].
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Considering self-help books optimistic approach, they propose “at least some
answers” to readers’ issues or problems [6]. Bibliotherapy for clinically significant
emotional disorders is more effective than waiting list or no treatment conditions.
No difference was found between bibliotherapy and psychiatric treatment of rela-
tively short duration [4]. Self-help books can be effective if the books are chosen
by professionals. She pointed out that self-help book lifts the spirit, engenders and
supports hope and keeps people striving toward their goals. It helps them to fend off
feeling of hopelessness, helplessness, despair and depression [1].

When one just reads 20 pages of self-help in the morning, he or she can see the
difference around them. They start interpreting themselves more positively. It does
not improve one’s life but enhances it. A daily diet of inspiring words spurs you
to explore what one is capable of, and what are his/her limitations so that they can
be smashed. While they may not necessarily tie into one’s career, they address the
part that yearns to feel vibrantly alive and fulfilled in every moment. When there is
awareness of the thinking behind actions, one can erase negative thought tapes and
replace them with words of love, possibility, power and magic [7].

Four pragmatic factors that explain the success of the self-help books are: Cost.
As price of them is low compared to a consultation with a psychologist. Accessibility.
They are easily available and can be read over a lunch or a sleepless night. Privacy.
Written solution for problems offers the opportunity to work on problems without
“going public” or having to speak to a doctor or psychologist. Excitement. Self-help
books quite often become best sellers and buying and reading such a book gives one
the opportunity to become part of an in-group [11].

16.3 Methodology

16.3.1 Qualitative Research

Qualitative method employed in the research is In-depth Interview. With eight
current and former design students, who have felt stressed at some point during their
college life. Five of them have taken help of self-help books at that time and three
have taken major decisions because of the stress. Age group of the interviewees was
from 18 to 30. Snowball sampling was done for conducting interviews as stress is a
sensitive subject to talk about and not everyone is comfortable to talk about it.

The interviews were semi-structured and was between 30 and 40 min long. The
interviews were conducted on phone and through video calls because of Covid-19
pandemic. The entire interview period took about onemonth (April 2020–May 2020)
and the interviewswere spreadmore or less evenly across that period. Questionswere
added to the list throughout the interview period as per the issues raised from text
analysis.
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16.3.2 Quantitative Research

Quantitative methods employed in the research are: Survey. The questionnaire
had ten general questions designed to capture the reasons behind student’s non-
willingness to attend college, availability of psychologist and their interest in reading.
Thequestionnaire hadmultiple choice questions, predefined answers offering respon-
dents the possibility to choose among several options and for somequestions, optional
spacewas provided to elaborate on the answer. Sampling.First-year students of Bach-
elor of Designing course of NIFT, Delhi, and PLCSUPVA, Rohtak, were selected
for the research. Total number of students are 240; with simple random sampling,
keeping confidence level 95% and confidence interval 5, sample size of 148 students
was taken. Simple random sampling is done for the conduction of survey.

16.4 Findings

16.4.1 Interviews

Reasons of stress. All eight design students interviewed have felt stressed at some
point in their college life. Jigyasa (former design student) has experienced stress
because of low attendance. She missed her classes of module-based subject as she
suffered from typhoid. There was no problem of re-semester but still due to already
existing anxiety issues, she used to cry a lot. One day, she broke down in front of
her best friend and said that “I cannot pay attention to any other subject and I am
feeling uncomfortable all the time.” (telephonic interview, May 01, 2020).

Shiv (design student) stated, “Except my mother no one was supportive with me
doing designing course. My uncle once taunted that I’ll never be able to earn as
much I am spending and after that I used to be constantly worried about my future.
I even started doubting myself and stopped going to classes”. (telephonic interview,
April 28, 2020).

One out of eight interviewees, Bhawna (former design student) is still uncomfort-
able sharing the reason of stress. She just said that it was the darkest phase of her
life (telephonic interview, May 4, 2020).

Ishita (design student) said, “I used to feel left out and inferior and to ignore that
I started eating lot of fast food and gained weight. After discussing with my parents,
I have taken a therapy for 8 to 9 sessions that cost around 1500 to 2000 per session.
Though my parents are always supportive but I always feel guilty that already the
course is so expensive and my parents have to spend more because of me”. (video
interview, May 15, 2020).

Amit (design student) also use to feel left out due to which he got homesick and
because of it, he left the course mid-semester (video interview, May 15, 2020).

Deepshika (design student) has anxiety issues because she could not complete
her assignments at home as she has to help with house chores and she is not allowed
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to stay in hostel. She mentioned “My paternal family has even started forcing me to
get married as soon as I turned 18 and this idea haunts me.” (telephonic interview,
May 19, 2020).

Reachingout tofirst self-helpbook. The bookswere either gifted to the interviewees
by someone or recommended by a friend and in case of the students who were reader
before found them while browsing the book store.

Jigyasa (former design student) mentioned that she was going through difficult
time in college and while during a book store visit, she bought her first book because
of its catchy name and it was also one of the bestsellers and first row of the self-help
section was filled with it (telephonic interview, May 01, 2020).

Similarly, Pratibha (former design student) stated, “I bought my first book while
browsing a book store but it never helped me.” (telephonic interview, May 17, 2020).

Shiv (design student), said, “after seeing me struggling through stress my friend
recommended me a book ‘The Power of Now’ but because my college was very far
from the book store and I never liked online shopping that’s why my friend gifted me
my first self-help book.” (telephonic interview, April 28, 2020).

Aakriti (design student) mentioned “I have always struggled with asking for help,
no matter how difficult things get. As I loved reading books since school, I always knew
about self-help books but stayed away from those because my brain subconsciously
thought that reading one is admitting that I need help and it will imply that I am
broken.” (telephonic interview, May 30, 2020).

Others received their first book as a gift from family and close friends who saw
them in stress and tried to help them.

Impact of content of self-help book. All the interviewees mentioned that content
is the main factor to make them able to complete it. When asked about what they
like most in book Aakriti said, “I really like the content of books like ‘Good Vibes,
Good Life’. The best part is it’s practical and it doesn’t tell you to think positive and
ends like other self-help books but it teaches you about self-love, humility, failure,
meditation, empowering thoughts and living a greater life which I find the best in
it.” (telephonic interview, May 30, 2020).

Pratibha (former design student) commented, “I don’t like content of all the self-
help books because of repetitive messages that the books give and I sometimes find
authors contradicting themselves. I loved the way some books like ‘Calm’ are written.
They are also perfect for just picking up and having a flick through whenever I need
it. After reading the book ‘Calm’, I found that I am more oriented towards different
design stream and that’s why after foundation year I opted and changed it as well
so for me it’s life changing.” (telephonic interview, May 17, 2020).

Bhawna (former design student) stated that she has never completed a single self-
help book till date because she feels sleepy or wants to do something else just after
reading few lines (telephonic interview, May 4, 2020).

Jigyasa (former design student) mentioned that she found books which are in
storytelling format or the books which give you tasks are the best as they never bore
you (telephonic interview, May 01, 2020).
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Change or improvement in behavior after reading. Jigyasa (former design
student) said “we are unaware of where to start or which path is the right one for our
individual journeys. For me, that book has steered me into the clear and onto a path of
hard work, success, and growth”. After that book, she has read so many books of this
genre and she is proud of herself and says that she owes it a lot to the authors of those
books and their incredible insight and opinion of direction (telephonic interview,
May 01, 2020).

Shiv (design student) that book, “The Power of Now” taught him to live in present
as it runs on the concept thatwe live only in the “Now” and it takes time to understand,
intellectually andwemay seem tounderstandbut to put it in practice is very important.
He says, “It taught me how to deal with painful emotions, how to awaken from the
preconditioned self, what I used to think I am but in reality, they were lot of ideas
and beliefs coming from friends, parents, etc. I recommend this particular book to
all the people as it offers helping hand to everyone weather, they are going through
stress or not. The book frees you from that old self and helps to live in the now.”
(telephonic interview, April 28, 2020).

Pratibha (former design student) stated reading the book after some days, “I used
to forget about the learnings but now I try to remember them and apply them in
the situation I am in. I have found peace and safe haven in many of these amaz-
ingly written pages because of which I have become more optimistic.” (telephonic
interview, May 17, 2020).

Aakriti (design student) said, she does not gets completely healed after reading
books but it is always a new start (telephonic interview, May 30, 2020).

Summary. The main issues of stress in students are homesickness, low attendance,
feeling left out and unsupportive family. The reaction to the stress was different from
student to student like; started eating more, left the course, crying a lot, taking a
therapy, etc. The first self- help books they read were either gifted to them or they
found them in book store and bought because of catchy, finding it as bestseller name
and in that case, it could or could not help. An uneasy feeling of asking for help if
they choose self-help book is also there. Content is the most important part of the
book; it should be practical and students like it to be in a story telling, giving tasks
format to make it more interesting and help them in discovering themselves. Though
it is difficult to get completely healed but some have taken it as a start, some have
found peace and now see their life path better than before.

16.4.2 Findings from Survey

Table 16.1 depicts age, gender, student’s current stay and their willingness to attend
college. The chart (Table 16.2) was answered by only those who have “no” or “some-
times” in previous question. Above chart shows that 38% respondents miss their
families. 34% feel lack of companionship. No respondent has been bullied.
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Table 16.1 Age, gender,
currently staying and
willingness to attend college

Age

16–20
21–25

67%
33%

Gender

Female
Male
Other
Prefer not to answer

67%
28%
00%
05%

Respondents currently staying

At home
Hostel
As paying guest
Local guardian’s place

15%
53%
22%
10%

Willingness to attend college

Like attending college
Do not like attending college
Sometimes like attending college

56%
24%
20%

Table 16.2 Reason for not attending college
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Table 16.3 Respondents on being teased

The findings from chart (Table 16.3) indicates 35% of respondents have been
made fun of because of their personal choices, 30% have faced body shaming, 25%
have been teased due to language problem, 20% for academic performance and 20%
have never been teased or made fun of. One of the female respondents chose other
option and wrote that her friends ask her in a fun way, “Why are you so flat?”.

Chart (Table 16.4) shows what respondents do when they face above-mentioned
issues. 30% of them skip college, 28% talk to friends, 12% to family, rest of them
either eat or sleep, panic, follow a hobby. Charts (Tables 16.5, 16.6 and 16.7) depict
psychologists visit in college, studentswho like to read books and students knowledge
about self-help books.
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Table 16.4 Reaction of respondents

Table 16.5 Psychologist visit in college

56%
44%

Yes

No

Table 16.6 Like to read books

48%

21%

31%
Yes

No

Some mes
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Table 16.7 Knowledge about self-help book

68%

32% Yes

No

16.5 Conclusion

After primary and secondary data analysis, it can be concluded that formany students,
it gets hard to adapt in new environment due to which they feel stressed and have
anxiety issues. Self-help books can be used as a way to help them come out of it.
Students are in their critical age and with the help of self-help books, they can avoid
the fear of evaluation, judgment and consequent embarrassment. It need not to be
in form of complete books and can also be in form of short stories or of two–three
pages especially for the students who have less attention span because of young
age or cognitive impairment. Self-help books are also useful as they offer a non-
threatening forum. In addition, less commitment is required compared to traditional
psychotherapy as it is certainly much easier to make a commitment to read a book
than to enter therapy. The validity of the results obtained is dependent on the cognitive
abilities of the individual and this may vary.

The selection of the books is critical thing as students can misdiagnose their own
problems. It should be done with the guidance of professionals as they know the
best and can select the books which could be useful for the students and can teach
them how to deal their feelings. Students will also understand that these kind of
experiences and feelings are not unique so that they will be motivated to come out
of them.
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Chapter 17
Mapping the Research Thread of PhDs
in Design: A PhD Citation Analysis
of the Portuguese Doctorates

Nina Costa, Rui Costa, Afonso Borges, Vasco Branco, Raul Cunca,
António Modesto, and Ana Catarina Silva

Abstract The present study undertaken within the DesignOBS project is based on
172 PhD theses in Design submitted to the Portuguese National Design Schools
between 2005 and 2019. It focuses in particular on the extraction and analysis of
522 PhD citations appended to design doctoral work. The analysis is used to observe
school impact, explore theweight of previous design focused and non-design doctoral
work to develop PhD research in design in the country. The results reveal few connec-
tions between doctorates and few overlaps in-between as well as outside design
schools; thus, indicating poor continuity and reproducibility of domestic doctoral
work, little tradition of PhD citation, and an important weight of non-design schools.
A network-based visualization of the connections between PhDs in design within
PhD thesis, by use of a citation analysis method, enabled to draw reflections on the
status of domestic doctoral research in Portugal and provides an empirical approach
to explore the reproducibility of this type of research which may be used in other
countries.
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17.1 Introduction

Research at universities, regardless of the area of knowledge, is intimately linked to
the existence of post-graduate programs [1]. These programs need to be anchored
upon a strategic line of thought that provide defined objectives for research and
development [2]. Moreover, a discipline is about theories and methods that accu-
mulate through academic research and reflection [3]. Thus, it should establish its
grounds in robust and systematic research efforts that expand its knowledge base.
In the particular case of design research, this maturation process has evolved quite
haphazardly [4]. Characterized as “internally scattered and confused”, the nature
and culture of design research is yet an open and evolving debate [4, 5]. Despite the
diverse challenges of working within an integrative and inherently multidisciplinary
discipline, finding a common corpus of knowledge is important [6, 7]. In the partic-
ular case of academic design research, written theses are the most commonly known
ways of capturing the whole research process of the study in a single, endurable
and searchable medium [8]. Referencing in doctoral—or any—work is central to
the growing literature of design research as it helps to support arguments, access
common evidence, build the field, and improve the intellectual and practical quality
of the discipline [9].

Design education and research is one of the key objects of observation of the
“DesignOBS: Towards a design observatory in Portugal” project [11]. It aims to
collect, map, and interpret data about the Portuguese Design Ecosystem that may
support the creation strategies and policies for its promotion and evolution [10,
11]. Previous studies in DesignOBS looked at the design doctorates undertaken
in Portugal and identified a problem regarding their communicability, hampering
the quick access to the content, and connections through the most common search
cues, i.e., title, keywords, and abstracts [12]. Although useful to provide a first scan
of doctoral work in the country, the analysis did not enable the establishment of
connections between doctorates in a coherent and meaningful way.

Based on Durling’s [8] argument and the recent criticisms of Margolin and Dorst,
this study evolves the previous analysis by exploring the research thread of the
PhDs undertaken in Portugal via citation analysis [13]. We focused in particular
on exploring only the citations of PhD work (design and non-design focused). The
in-degree and modularity scores—typical statistical methods used within network
analysis, calculated within Gephi [14]—were included for the creation of the citation
network to explore the weight of PhD work across design schools, and identify the
connections amongst different communities. By using this method, we were able to
gain important insight on some foundational aspects of doctoral research in design,
namely its reproducibility and usefulness within academia. Based on these insights,
we propose additional guidelines for future design research.
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17.2 Background

17.2.1 PhDs in Design: The Portuguese Case

Portugal has six national schools that provide doctorate-level degree in design
namely, Aveiro University, Faculty of Fine Arts of Porto and Lisbon Universities,
Faculty of Architecture of Lisbon, European University, and Beira Interior Univer-
sity. The first thesis in design produced in the country was in 2001 [12]; since early
2010, the number of PhDs has been growing steadily, with new PhD programs being
developed (e.g., FashionDesign inUniversity ofBeira Interior). Previouswork devel-
oped within DesignOBS [10–12] focused on making a numerical analysis of design
doctorates undertaken in Portugal based on title, key words, and abstracts to under-
stand the scope of design research in the country [12]. The same study concluded,
however, that some of the body of knowledge categorized in this area is not always
design-focused, but rather more aligned with fine arts, architecture, or sociology.
Moreover, some of these doctorates do not mention design in either title, key words,
or abstracts [12].

This first effort aimed to depict the PhD design research landscape in the country
whichwas useful to partially corroborate Dorst [4] view of design research via empir-
ical data. However, additional research is needed to trace, visualize, and interpret PhD
research in design via empirical data. To address this challenge, this paper combines
network analysis with bibliometric studies.

17.2.2 Networks and Citation Analysis

A network can be defined as a system of interrelated nodes and edges. In the context
of bibliometrics, nodes can be constituted by journals, authors, or other, while edges
are the relationship between the nodes. There are mainly two types of relationship:
author co-citation, thatmay reveal the intellectual structure of a field, or collaboration
network (or co-authorship) that show the social network of a research field [15].
Networks can be used to identify the intellectual structure of a discipline; the most
influential authors, articles or other objects/subjects; explore the influence of specific
journals, the core canons within a discipline, consensus and disparities; the flow and
knowledge transfer between researchers and institutions and progression of thoughts
[16, 17]. The exploration of the properties of a network can be used to extract insights
based on empirical data, and drive decision making.

Citation analysis is a specific method within bibliometric studies that can be used
to create networks amongst researchers that cite the same article, book, or other docu-
ment/objects. Each citation originates an edge/line between the source (e.g., author
of the PhDwork) and the “target” (e.g., authors/co-authors of the items in the bibliog-
raphy of the PhD); thus, establishing a connection between nodes/objects/subjects.
The links created in co-authorship and co-citation networks are different because
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of the nature of the network. Whereas the first is characterized as an undirected
network because the relationship of co-authors is mutual (they have all participated
in the creation of a specific object); the latter is characterized as a directed network
since author A can cite another author B, but author B may not cite author A back.
In both networks, the link established between nodes is as strong as the number of
times an author cites/co-authors a work with another author. In directed networks,
the in-degree (number of incoming links) increases whenever an author is cited by
numerous other authors.

Studies in multiple disciplines have used academic journals to create citation
networks of specific subjects or knowledge areas (e.g., marketing studies, [16]; soci-
ology studies, [18]; Technology and other, Lewis [17]). In the design area, these
methods are also starting to emerge with datasets based on journals (e.g., [15]).
Although the number of academic journals in design research has expanded consid-
erably in the last decades [19, 3], citation analysis made through those means can be
partial because the existing indexed design journals in the Thomson Reuters Science
Citation Index, Thomson Reuters Social Science Citation Index or in Scopus is yet
limited [19].

This study aims to map PhD research in design adopting a PhD citation analysis
approach. It uses Portuguese PhD research as a case of observation to explore the
impact and reproducibility of PhD research in design.

17.3 Methodology

To map the trace and visualize the PhD research in design in Portugal, the PhD cita-
tions network was extracted in doctoral work undertaken in Portugal. The collection
and selection of PhDs were based on a previous study developed by Costa et al. [12,
20] which already identify the design schools that provide the degree in the country,
namely Aveiro university (UA), Faculty of Fine Arts of Porto University (FBAUP),
Faculty of Fine Arts of Lisbon University (FBAUL); Faculty of Architecture of
Lisbon (FAUL), Faculty of Architecture of Lisbon Technical University (UTL),
European University (UEU), Creative University (IADE), and—more recently—
Beira Interior University (UBI). The authors undertook a preliminary scan of the
content of the doctorates collected, distinguishing between those that were more
aligned with sociology, arts, history or others, from design. The present analysis
takes into account the method used in Costa et al. [12] and considers design-focused
PhDs as source material. PhDs which were more aligned with arts or other were
not included as source material (see [12] for more details). National databases were
consulted to check if any other PhDs were undertaken until the end of the PhD.

A total of 172 PhDs were included in the sample, going from 2005 to late 2019.
Some doctorates were completed between 2001 and 2005 but were not considered
in this study as they were classified as non-design focused by Costa et al. (2020a).
Figures 17.1 and 17.2 provide the overall characterization of the source. Several
schools have changed or been combined into others, i.e., UTL became FAUL in 2012;
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Fig. 17.1 Characterization of the sample per year and school (172 PhDsource)

Fig. 17.2 Percentage of PhDsource per school

IADE and UEU were also combined. Our analysis, thus, identifies these schools
as one (FAUL/UTL; UEU/IADE). In addition to the database provided by Costa
et al. [20], the analysis was complemented with the latest information updates in
the national governmental database RENATES until December 2019. The school,
author, year of completion, and supervisor of the source (which we will name further
on as “PhDsource”) were extracted to characterize the sample.

Two of the schools (UBI and IADE/UEU) were combined in the “other” cate-
gory since they represent a small portion of the overall source (~2%). Most of the
PhDsource is from FAUL/UTL (44%). The year 2019 also mainly presents input
from this school. University repositories were consulted to check if any other design
thesis was completed until the end of the year, but no other documents were found.

17.3.1 PhD Citation Extraction and Analysis

The author, year, country/school of the PhDs cited in the bibliography of the source
dataset were extracted.

(1) To explore the weight/influence of Portuguese doctorates, we distinguish the
cited PhDs in two categories: “undertaken in Portugal” or “undertaken abroad”.
Portuguese authors which undertook their PhDs abroad were categorized as
“undertaken abroad”;

(2) To understand the influence of Portuguese schoolswithin the doctoral system—
and thus, the roots/ground of the domestic design PhD research—we also
extracted the name of all the Portuguese schools from which the PhDs cited
were undertaken (design school or other);
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(3) A citation network analysis was conducted to examine the distribution of
domestic PhDs focusing in particular in in-degree scores (number of times
a PhD by other PhDs). In network analysis, the nodes and links are important
to map and explore the connections. In our case, these connections consti-
tute the overall domain of intellectual PhD references that domestic doctorate
authors express. After the curation of nodes and edges, the visualization of
the network was undertaken via Gephi: an open source software for graph and
network analysis [14]. By using this method, we are able to gain some insight
on some foundational aspects of doctoral research in design in Portugal and its
reproducibility in the country.

17.4 Results

We counted 522 PhD citations appended in 172 doctoral theses in design submitted
to the Portuguese National Design Schools which provide the degree (i.e., Aveiro
University, Faculty of Fine Arts of Porto and Lisbon Universities, Faculty of Archi-
tecture of Lisbon, European University and Beira Interior University) between the
period of 2005–2019. As seen in Fig. 17.3, the distribution of citations is proportional
to the number of PhD theses considered as the source (PhDsource), with the excep-
tion of FAUL/UTL which presents a slightly inferior number of citations (−10%) in
comparison to the number of PhDsource.

Fig. 17.3 Percentage of PhD citations versus percentage of PhDsource per design school
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Fig. 17.4 Cited PhDs undertaken abroad and cited PhDs undertaken in Portugal

A total of 350 PhDs (or single authors) constitutes the universe of the doctorates
cited, from which about half is undertaken in Portugal (~52%). The next coun-
tries with a higher citation index are the United Kingdom and Brazil (18%), the
USA (17%) and the Netherlands (10%). Spain, Sweden, and Germany constitute
20% of the cited PhDs followed by Italy (4%). Other 13 countries are mentioned
in the cited PhDs (Fig. 17.4). European countries constitute approximately 27% of
the PhDs cited (besides Portugal). Design theses constitute at least 28% of all the
citations and the remaining PhDs undertaken in Portugal are mostly related to archi-
tecture (12%), history (7%), communication and information technologies (5%), arts
(5%), and education (4%). Other PhDs are focused on subjects such as marketing,
economics, ergonomics, tourism, psychology, engineering production, letters, and
urban planning (Fig. 17.4).

Results show that 32% (117) of the PhDsource do not cite any doctoral thesis
in the bibliography; a quarter of the sample cites one to two PhDs; 19% cites 2–4
doctorates, 13% mention 5–6; and 11% cites 7 or more doctorates (Fig. 17.5). Only
one thesis cites 23 PhD documents.

When looking at the distribution of PhDs cited “undertaken in Portugal”, an
important percentage of the results points at multiple universities and polytechnic
institutes mostly concentrated in the city of Lisbon (“other PT”). UL (Lisbon Univer-
sity), UTL (Technical University of Lisbon), and UNL (New University of Lisbon)
are also represented in “others (PT)” since the PhDs were not undertaken in the Fine
Arts nor the Faculty of Architecture (FBAUL and FAUL/UTL). Most of “other PT”
doctorates are from Lisbon University. Minho University and Coimbra University

Fig. 17.5 PhDs cited in bibliography
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Fig. 17.6 School of origin of cited PhDs undertaken in Portugal (n182)

Table 17.1 PhD citations per school of PT schools including self-citations (total citations = 278)

Mentions> UA (%) FAUL/UTL (%) FBAUL (%) FBAUP (%) OtherPTschool (%)

UA 34 13 19 4 30

FAUL/UTL 8 40 15 3 33

FBAUL 17 10 57 0 17

FBAUP 24 9 11 30 26

Table 17.2 PhD citations per school of PT schools excluding self-citations (total citations = 171)

Mentions> UA (%) FAUL/UTL (%) FBAUL (%) FBAUP (%) OtherPTschool (%)

UA 0 19 29 6 45

FAUL/UTL 14 0 25 6 55

FBAUL 38 23 0 0 38

FBAUP 34 13 16 0 37

do also have an important weight (6 and 3%). The remaining schools (score: ~1%)
are mentioned in one thesis (Fig. 17.6).

We analyzed the percentage of corresponding design-focused PhD cited “under-
taken in Portugal” by schools to understand their global impact in doctoral
domestic research. Table 17.1 shows domestic citation per school (source) of PT
schools (including self-citations). Table 17.2 shows domestic citation excluding self-
citations. UEU/IADE is not represented in these tables since the PhDsource do not
cite PhDs undertaken in Portugal. UBI was also not represented since only one PhD
in design was identified, and thus it is not representative.

The analysis shows that on average and considering only domestic research, the
design schools mostly cite themselves, especially FAUL/UTL and FBAUL which
account for more than 40% of self-citations. When looking at the same patterns,
excluding self-citations (Table 17.2), the doctoral research impact changes abruptly
indicating that most cited doctoral work is made in other non-design universities.
FBAUL and UBI are an exception. FBAUL in particular shows a stronger connection
to both UA and other non-design schools. When looking at citations of doctorates
undertaken abroad, the main influencing references are European for all the schools
(Table 17.3), especially the United Kingdom (Table 17.4).
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Table 17.3 PhD citations per school of foreign schools/continent (total citations = 204)

Mentions> North America (%) South America (%) Europe (%) Asia (%) Australia (%)

UA 24 5 71 0 0

FAUL/UTL 15 20 45 0 20

FBAUL 18 9 73 0 0

FBAUP 4 7 78 4 7

17.4.1 Network of the PhD Research in Design in Portugal

Themap in Fig. 17.7 shows the connections established via cited PhDs in the bibliog-
raphy of PhDsource. The nodes represent both cited authors as well as PhDsources.
Directed links are drawn when an author/source mentions another PhD thesis. The
size of the node is related to their in-degree value, that is, the number of incoming
links or number of citations in PhDsource. The bigger nodes have received at least
two citations from different sources in the dataset; thus, indicating some degree of
semantic connection [15]. Figures 17.7a, b are colored according to the school in
which the doctorate was undertaken. The layouts were created with Force Atlas.

The analysis shows that an important part of the PhDsource and PhD citations
are isolated as most of citations are only mentioned once, in one thesis (Fig. 17.7b,
one node, one/two links). Thus, few overlaps between the sources can be established
via PhD citation. When analyzing the overlaps per design school, we conclude that
the results are similar. There are only a few cases of cross-pollinating PhD works
that connect the PhDsource (overlaps in-degree≥2, Fig. 17.7b). Table 17.5 indicates
that the only school with some degree of cross-citations is FAUL/UTL. The case of
FBAUL is also curious: despite the results presented in Table 17.1 (self-citation ~
55%), the overlaps of the PhD citations are only a few (~2% in Table 17.5).

Second, there are numerous small clusters of one node pointing to other nodes.
This indicates that a source mentions other PhDs (one or more) but is not continued
nor connected to other doctorates via PhD-based bibliography. Since this is a directed
network (authors mention other authors, but may not be mentioned back), this data
shows thatmany research topics are not continued, evolved, nor connected to existing
PhD research. When applying the in-degree filter of “more than 1 link” (mentioned
in/mentioning more than one other node), only 56 nodes of the entire universe of
PhDs (~11%) remain and 15 links remain visible (~4%). In Fig. 17.7b, we can
visually identify the cross-pollinating nodes. From this network, most of the authors
are still connected with a lot of isolated nodes with few links. The nodes with higher
in-degree are mainly from the two national design schools. The rest of the map is
abundant with “other PT” schools.
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Fig. 17.7 a PhD cited in PhDsource (color according to school), b PhD cited in PhD source with
degree ≥2 (with at least two links)

Table 17.5 PhD citations overlaps per school

School # PhDsource # nodes # edges/links Overlaps (in-degree ≥2)

FAUL/UTL 76 257 246 25 (33%)

UA 37 95 84 7 (5%)

FBAUP 32 94 84 9 (4%)

FBAUL 23 49 43 5 (2%)

17.5 Conclusions and Future Research

This study aims to trace, visualize, and interpret PhD research in design adopting
a PhD citation analysis of domestic academic research. It applies a network-based
approach in an empirical case to explore the common core connections between
PhDs in design. From this process and delimitation of our case, we observe several
aspects, namely:

(1) PhD theses constitute a very small portion of the bibliographic work, with
approximately 2%of representation in the entire dataset. PhDs in design consti-
tute, more specifically, about half of this percentage of the source dataset. So
far, we found no studies to compare this PhD percentage with other countries
or other disciplines that could help us assess if it is common case. PhDs in
design being such a small part of the bibliography of PhD research in design
is also quite indicative that this type of output may not be relevant in academic
design research—which is quite contradictory.



214 N. Costa et al.

(2) The connections are not evident through the PhD citations since very few
PhDs cross-pollinate the doctoral research landscape. There are few overlaps
observed between PhDs of the same research institute as well as between
different national research institutes. This may indicate that doctoral research
is still undertaken in an isolated way, despite having more researchers in this
area.

(3) An important part of the cited PhDs are non-design focused, with citations scat-
tered in diverse fields of knowledge and schools. This may be due to the recent
development of PhDs in design in the country (approximately two decades)
which need more time to consolidate, or because of the inherently multidis-
ciplinary and integrative nature of design and its increasing infusion in other
areas. On the other hand, the vast number of single links and connections can
also demonstrate the lack of coherence or narrowly drawn research questions
in PhDs.

(4) Finally, a third of the PhDs analyzed do not make any reference to previous
PhDs (national or foreign). This observation is critical and raises important
questions regarding the usefulness of PhD work—even within academia. Are
there truly no connections which may be established with previous PhD work?
Which type(s) of output(s)/production(s) are mostly used to support the devel-
opment of a PhD in design? Moreover, given that Portugal has two decades of
PhD research in the area—should aspiring design PhD students have access
to a more structured research training? Do current research methods used and
imported from other disciplines produce interesting and useful results for those
who practice and investigate Design? Existing studies point at different direc-
tions when it comes to undertaking academic research at the PhD level (e.g.,
[21–25]). The questions raised, however, fall out of the scope of this research
and require further inquiry. We encourage to further explore this issue in other
countries, for comparison purposes.

This study has also some limitations which indicate directions for future research:
First, (1) the paper only takes into account the PhD citations of PhD theses undertaken
in Portugal. A more holistic view of the domestic doctorate system should account
for all the research production cited by Portuguese authors to further understand the
existing domestic PhD research system in design, including books, chapters, confer-
ence proceedings, or other. Second, (2) a more in-depth analysis of the cited research
production of foreign doctorates could be useful to trace the core/origins and funda-
mental ideas of domestic doctoral research. Third, (3) although this is not the aim of
this paper, the analysis of the collaboration networks is a core part of the ecosystem.
Connecting the dots via doctorate citations—both inter and transnationally—could
provide an overall map of the research collaborations between Portugal and the rest
of the world; thus, providing a more robust and comprehensive view of the status
quo of PhD design research in the country.

Doctoral research in Portugal is still evolving. This study, undertaken within
DesignOBS project, contributes to advanced design research by presenting an appli-
cation of a network-based observation approach to map the doctorate landscape,
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based on empirical data, and draw some reflections regarding the status quo of
domestic PhDs in design. At the international level, it provides important insights
and raises questions regarding the traceability and usefulness of doctoral workwithin
academia.

Acknowledgments This article is a result of the project Design Obs. Para um Observatório de
Design emPortugal:Modelos, Instrumentos, Representação e Estratégias, (Towards a designObser-
vatory in Portugal: models, instruments representation and strategies) supported by LisbonRegional
Operational Programme (LISBOA 2020) and the Competitiveness and Internationalisation Oper-
ational Programme (POCI-01-0145-FEDER-032445), under the PORTUGAL 2020 Partnership
Agreement, through the European Regional Development Fund (ERDF) and FCT – Fundação para
a Ciência e a Tecnologia (Foundation for Science and Technology).

References

1. Durling, D., Friedman, K.: Foundation for the future of doctoral education in design. La Clusaz
(8–12 July), France (2000)

2. Branco, V., Branco, J., Aguiar, C., & Providência, F.: Universities and design research. In
Durling, D., Friedman, K. (eds.) La Clusaz—Foundations for the future of doctoral design
education, pp. 345–351. France (2000)

3. Gemser, G., de Bont, C.: Design-related and design-focused research: a study of publication
patterns in design journals. She Ji 2(1), 46–58 (2016). https://doi.org/10.1016/j.sheji.2016.
05.002

4. Dorst, K.: Design practice and design research: finally together? In: DRS2016: Future-Focused
Thinking, vol. 7, pp. 1–10 (2016). https://doi.org/10.21606/drs.2016.212

5. Margolin, V. (2000). Building a design research community. In: Pizzocaro, S., Arruda, A., De
Moraes, D. (eds.) Design Plus Research: Proceedings of the Politecnico di Milano Conference,
pp. 1–7. Retrieved from https://design.osu.edu/carlson/id785/designcommunity.pdf

6. Buchanan, R.: Design research and the new learning. Design Issues 17(4), 3–23 (2001)
7. Margolin, V.: Design research: what is it? What is it for? In: DRS2016: Future-Focused

Thinking, vol. 1, pp. 1–11. https://doi.org/10.21606/drs.2016.9(2016)
8. Durling, D.: Discourses on research and the PhD in design. Qual. Assur. Educ. 10(2), 79–85

(2002). https://doi.org/10.1108/09684880210423564
9. Friedman, K.: Reference, argument, and evidence. how good referencing and citation serve

design research and professional design practice. Centre for Design Innovation, Swinburne
University of Technology, Melbourne (Revised Reprint) (2015).

10. Borges, A., Silva, A.C.,Modesto, A., Cunca, R., Costa, R.C., &Branco, V.: REDE#01: Reunião
de Escolas de Design (2017). Retrieved from https://hdl.handle.net/10773/24199

11. Branco, V., Costa, R., Borges, A., Silva, A.C., Modesto, A., Cunca, R., & Costa, N. (2019).
Towards a Portuguese design observatory: models, instruments, representation and strategies.
Retrieved 7 Nov 2019, from https://designobs.pt/

12. Costa, N., Branco, V., Costa, R., Borges, A., Modesto, A., Silva, C., Cunca, R.: Towards a
design observatory: the case of scholarly design research in Portugal. In: Proceedings of the
Design Society: DESIGN Conference, vol. 1, pp. 827–836 (2020) https://doi.org/https://doi.
org/10.1017/dsd.2020.327

13. Van Dalen, H.P., Henkens, K.: What makes a scientific article influential? The case of
demographers. Scientometrics 50(3), 455–482 (2001). https://doi.org/10.1023/A:101051083
1718

https://doi.org/10.1016/j.sheji.2016.05.002
https://doi.org/10.21606/drs.2016.212
https://design.osu.edu/carlson/id785/designcommunity.pdf
https://doi.org/10.21606/drs.2016.9(2016
https://doi.org/10.1108/09684880210423564
https://hdl.handle.net/10773/24199
https://designobs.pt/
https://doi.org/10.1017/dsd.2020.327
https://doi.org/10.1023/A:1010510831718


216 N. Costa et al.

14. Bastian, M., Heymann, S., Jacomy, M.: Gephi: An open source software for exploring and
manipulating networks. In: BT—International AAAI Conference on Weblogs and Social.
International AAAI Conference on Weblogs and Social Media, pp. 361–362 (2009)

15. Perna, S.: Design ResearchScape. a visual exploration of design research publications. Design
J. 20, S952–S963 (2017). https://doi.org/10.1080/14606925.2017.1353040

16. Baumgartner, H., Pieters, R.: The influence of marketing journals: a citation analysis of the
discipline and its sub-areas. Discussion Paper, Dec 2014 (2000)

17. Lewis, J.: How transdisciplinary is design? An analysis using citation networks. Design Issues
36(1), 30–44 (2020). https://doi.org/10.1162/desi_a_00573

18. Zafrunnisha, N.: Citations in the sociology doctoral dissertations: a quantitative analysis. Int.
J. Inf. Disseminat. Technol. 2(3), 212–218 (2012)

19. Gemser, G., De Bont, C., Hekkert, P., Friedman, K.: Quality perceptions of design journals:
The design scholars’ perspective. Des. Stud. 33(1), 4–23 (2012). https://doi.org/10.1016/j.des
tud.2011.09.001

20. Costa, N., Branco, V., Costa, R., Borges, A., Cunca, R., Modesto, A., Silva, A.C.: Design
doctorates undertaken in Portugal (database) (2020). https://doi.org/10.5281/zenodo.3701614.

21. Hilton, K.: The future of doctorates in design. In: DS 43: Proceedings of E and PDE 2007,
the 9th International Conference on Engineering and Product Design Education, (September),
pp. 197–202 (2007)

22. Melles, G.: Global perspectives on structured research training in doctorates of design–what
do we value? Des. Stud. 30(3), 255–271 (2009)

23. Melles, G.,Wölfel, C.: Postgraduate design education inGermany:motivations, understandings
and experiences of graduates and enrolled students in master’s and doctoral programmes.
Design J. 17(1), 115–135 (2014). https://doi.org/10.2752/175630614X13787503070079

24. Vaughan, L., Morrison, A.: Unpacking models, approaches and materialisations of the design
PhD. Stud. Mater. Think. 11 (2014)

25. Vaughan, L., Morrison, A.: Form, fit and flair: considering the design doctorate. In: Complexity
and diversity on the design PhD (May), pp. 14–17 (2013)

26. Curado, R.: Centro Português de Design vai ser extinto. 1–6. Retrieved from https://www.dn.
pt/artes/interior/centro-portugues-de-design-vai-ser-extinto-3248523.html (2013)

27. Margolin, V.: Doctoral education in design: problems and prospects. Design Issues 26(3),
70–78 (2010). https://doi.org/10.1162/DESI_a_00031

https://doi.org/10.1080/14606925.2017.1353040
https://doi.org/10.1162/desi_a_00573
https://doi.org/10.1016/j.destud.2011.09.001
https://doi.org/10.5281/zenodo.3701614
https://doi.org/10.2752/175630614X13787503070079
https://www.dn.pt/artes/interior/centro-portugues-de-design-vai-ser-extinto-3248523.html
https://doi.org/10.1162/DESI_a_00031


Chapter 18
Pedagogic Influences of Art and Design
Schools on Architecture Education
in India

Harshitha G. Raju

Abstract This study investigates the pedagogic relevance of art and design schools
that have hadmajor influences on schools of architecture in India. The data presented
is a culmination of literature review of published articles and papers and analysis
of curriculum. The curriculum of top ten architecture schools as ranked by NIRF in
2020 are considered here as representative of what is largely being taught in schools
of India. The conclusion of the study establishes the prevalent influences of pedagogy
of art and design schools, subjects that have gained importance and vice versa, and
their relevance to the future.

18.1 Introduction

Arts, crafts, and design have been allied fields to architecture. The ideologies and
thoughts in each of these have surpassed boundaries through varied forms of expres-
sion creatingparadigmshiftswithin everymovement and era. Thepedagogicmethods
followed in art and design schools have been formative grounds of creativity and
inspiration in architecture domain. Rather, innovations and techniques borrowed
from mathematics, science, and social studies have found place in curriculums of
architecture schools. This paper investigates the pedagogic influences of different
‘schools of thoughts’ both local and overseas, on formal architecture education in
India. The aim of the study is to provide a comprehensive literature on possible link-
ages of ‘design subjects’ taught in architecture schools with other established insti-
tutions of arts and design. The objectives are (1) to identify and elaborate pedagogic
content followed in different art and design schools, and (2) establish their relation
with curriculum and design methodology followed in renowned schools of archi-
tecture in India. The methodology of data collection is based on secondary sources
such as published articles in renowned journals, websites, research papers, confer-
ence proceedings, and books. The analysis is by correlating the different ‘models of
art and design education’ with that of pedagogic methods followed in architecture
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schools that were established in early and mid-twentieth century. The study does not
include content stipulated by council or governing body and details of credit system.

18.2 Art and Design Schools

The art and design schools listed here are based on its acquaintance with architecture
schools in the methods and subjects followed in schools in present day. The descrip-
tion of ‘schools of thought’ with an understanding of course of their establishment in
Indian context helps in understanding the correlations and influences on pedagogy.

18.2.1 South Kensington System

The art and design education in South Asia was established in the latter half of
nineteenth century—i.e., in Madras-1850, in Calcutta-1854, in Bombay-1857, in
Lahore-1875, and in Jaipur-1884 [7]. In Bombay, Sir Jamshetjee Jeejeebhoy who
was a Parsi-Indian merchant with interest in arts and crafts, opened Sir J. J. School
of Art. His initial idea to set up School of Art came after he attended the Great
Exhibition held at London, in 1851 [13]. As said by Mitter [20], he envisioned an
institution ‘for the improvement of arts and manufacturers of the middle and lower
classes.’ In addition, India being one of the colonies of British during that time with
their appreciation toward Indian art-wares saw education as one of the several means
to reinforce and endure their interests [1]. Both these aspects, preserving India’s crafts
and to meet the growing needs of manufactured goods of British market, resulted in
formalizing ‘South Kensington system’ as a method of education [13]. The method
supported an industrially based system for teaching ‘drawing’ that worked as a tool
to imbibe social discipline [Ibid].

In the following years within the arts department, the Sir JJ School of Archi-
tecture, started in 1917, marked the beginning of formal architectural education in
India [20]. When the course of architecture took off, the principal objective was
essentially to equip students with technical knowledge and basic drafting skills, such
that students later in their career would render skilled assistance to foreign or native
employers [28]. Architect John Begg, consultant to government of Bombay who
started classes, trained pupils a technical draftsmanship course focusing on drafting
and reading drawings. It can be noted that the technicality required for architecture
course has relevance with Cole’s South Kensington system that reinforced correct
observation, accurate expression, and monochrome drawings. The drawings created
were mechanical in nature, tedious, and involved reproduction of drawings such as
machines, screws, and other details [15].
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18.2.2 Ecole Beaux Arts

While the pedagogy at JJ School of Architecture saw several faces of development
and underwent revival with time and people who administered it, Westerners mostly
influenced the curriculum. Among them, the first appointed Professor and the Head
of the Department was Robert W. Cable who was trained at Ecole Beaux Arts.

Historically, Ecole des BeauxArts was started in 1819 during the period of French
revolution, and it had courses on painting, sculpture, music along with architecture.
The architecture course taught there was integrated with other artistic fields, rather
than to construction and engineering [8]. As mentioned by Cunningham [4], the
pedagogies developed in several arts, architecture, and design schools in present day
have taken cues in relation to structure, contents, and methods from the Ecole des
Beaux Arts. To elaborate, the characteristic methods of teaching at Ecole were:

• To consider drawing and painting as skills required for representing and defending
one’s projects.

• Cartesian pedagogical programwhich stressed understanding of buildings as solid
objects that could be analyzed graphically as plan, section, and elevation (Hewitt,
1985)

• Systematic resolution of design problems with sketch designs called as esquisse
[4] with time and importance givenmostly inmaking plans followedwith sections
and elevations.

• Ateliers (design studios) that trained pupils for designs, with character and theory
developed for the century ahead future generations.

• Visit to significant buildings guided by tutors to observe; followed by exercises
where one would criticize and suggest corrections.

• In addition, inspection of building construction under the guidance of practicing
architect for a year to obtain the degree.

While, not all these were implemented at JJ School of Architecture, the dean was
able to shift the course importance to drawing, composition, history [29] ornamen-
tation, practicality, and architectural detailing [Ibid] from the previously mundane
Kensington system. The subjects thought during the first years included materials,
geometry, applied mechanics, construction, specifications, surveying, and leveling
[25]. History included introduction to Greek architecture, and there were courses on
town planning and zoning and brief understanding of professional practice [28].

18.2.3 Santiniketan

The British in India established and governed the art schools in an Imperial manner
and thereby imposed Western techniques producing ‘copyists’ and ruining the local
talent and creativity [26]. On the contrary, Santiniketan was started in 1901, by the
Nobel laureate Rabindranath Tagore as an experimental university for arts, painting,
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music, crafts, and design [Ibid]. The pedagogy at the arts department was unique
and rooted in Indian rural socio-cultural aspects. The studios were conducted in
open air, emphasizing one to live in harmony with nature. As envisioned by the
poet, ‘life and learning were to be pursued through a direct engagement with mental
and mundane realities’ that required empathetic recognition toward others [24]. The
study of ‘rhythms of everyday life, traditions, and natural phenomena’ took form as
art of various expressions [26].

The program made students not only aware and conscious of local surroundings
but also globally sensitive, as it was open for cultures of West and East. The other
programs involved ‘community activities’ such as architectural projects that acted
as contribution to development of public spaces like Kalo Bari [5]. The curriculum
was also designed to incorporate events and festivals like Vrikshopan (tree planting
festival) which made them collaborate and participate with the community [Ibid].
The pedagogical methods of Santiniketan devoid of influences of industrialization
and mass production, with importance given to crafts and reverence to learnings
from rural culture, and incorporating Gandhiji’s ‘learning by doing’ as a principle of
education have been incorporated in curriculums of several architecture and design
schools such as CEPT, NID, and SPA.

18.2.4 Bauhaus

In 1919, Bauhaus school was created by uniting ‘Fine art’ and ‘Art and Crafts’
school [10] and lead by Walter Gropius with a vision of ‘the fundamental unity
underlying all branches of design’ [9]. Minahan [19] claims that Bauhaus school
was influenced by not alone the English arts and crafts movement, but also Dutch
De Stijl group, Architect Le Corbusier, Dada movement of Switzerland, Russian
revolution of 1917 along with World War-I and Industrial revolution. During Post-
World War-I, while industrialization and mass production were seen as methods of
future development, Bauhaus adhered to ‘arts and crafts’ as language of design and in
its pedagogy of teaching architecture design [4]. It was the first to create a curriculum
for formal design education [Ibid] and the reason behind developing ‘modern design’
[27] present today.

As described byCunningham [4], the pedagogy at Bauhaus included creative intu-
itive process that involved integration of both ‘thinking and handling,’ i.e., ‘mental
and practical’ understanding of materials for design explorations. The materials
explored included textile-looms, clay-ceramic, metal, stone, glass, pigments, and
the likewise for which experts ‘masters’ from the field would also conduct work-
shops to students. Among the masters who taught at Bauhaus, Albers lectured on
‘optical illusion and its relation to form andmaterial appearance,’ Kleewas interested
in ‘ways of Nature study,’ Kandinsky explored on ‘colors and fundamental elements
of form,’ Maholy-Nagy shared on ‘modern typography,’ and ‘furniture design’ was
dealt by Breuer [Ibid].



18 Pedagogic Influences of Art and Design Schools … 221

The school advocated ‘functionality’ as a principle of design, where the role of
design was to ‘temper and direct,’ which worked as ‘antidote to over-mechanization’
as stated by Gropius and thereby addressed the shortcomings of industrial world
[11]. It was the first school to incorporate classes on mass housing, city planning,
district planning, and environmental relationships with a ‘rational’ understanding as
opposed to Beaux Arts classical formulation [4]. Whereas, Beaux Arts’ ‘Decorative
Composition Study’ that valued intuition was adapted in architectural education
[Ibid]. Standardization was an important aspect designed at Bauhaus to suit the
industry requirements and measures were taken to improvise production and sales
of products designed [23].

The school functioned in three different cities—Weimer, Dessau, and Berlin for
a brief period of 14 years, but due to lack of internal legitimacy in the organizational
structure of Bauhaus [19] and the growing powers of Nazi regime, it lead to the
closure of school in 1933.

18.2.5 Hochschule für Gestaltung, Ulm

InGermany, about eight years afterWorldwar-II, in 1953Hochschule fürGestaltung,
Ulm was founded to commemorate the Scholl siblings who were executed for their
resistancemovement againstNazi party [23]. The schoolwas founded by Inge Scholl,
with Max Bill as the first dean who had his education from Bauhaus.

The school had specialized departments of industrial design, visual commu-
nication, film-making, and industrialized building which students choose after
finishing one year of foundation program [23]. The school grew progressively as
it was concerned with the curriculum and revised it annually where tutors, student
representatives, and technicians were involved in the discussions [12]. Thereby,
design methodology was dealt in-depth to incorporate scientific and technological
knowledge and identify strong grounding for design as a core domain [2].

The philosophy of the school was different from Bauhaus as it did not strive
to integrate ‘art and technology’ but rather drew a line between art and Industrial
production and establish design as an independent field [2]. The notion was that
industrial productionwas not to be seen as a subsidiary resultant of art or other cultural
influences [Ibid]. Rather, with the functioning over years, the school emphasized the
importance of function and market needs and ignored aesthetics [23].

In addition, this thought led to revision of curriculum, what came to be called
as Ulm model in which theory based on scientific innovations and practical training
from industry was provided to pupils. As described by Leopold [16], the pedagogic
development phases at HfG Ulm happened in three phases, firstly foundation based
onBauhaus course, secondly emphasizing scientific understanding of design process,
and lastly incorporating social sciences in design practice.

The foundation course under this model included understanding of scientific theo-
ries such as perception, gestalt theory, topology and basic geometry [16], and explo-
rations of materials such as plaster, plastic, wood, metal [14]. As mentioned by
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Leopold [16], the experiments in teaching were such open ended that ‘they shifted
between precise and imprecise, order and chaos, rule and random that such rules help
even today in parametric and digital designs.’ Ulm school was advanced to study
forecast of design field to identify the importance of communication and informa-
tion technology in a post-industrial era. Hence, their contribution in explorations of
digital design that involved conceptualizing and coding as design process is relevant
to this day [11].

18.3 Pedagogy Followed in Architecture Schools in India

The pedagogy followed in several architecture schools in India has a direct or indirect
bearing from different art and design schools as discussed in the paper. Even though,
it is challenging to find an exact trajectory of how the existing curriculums have
rooted in them, by the facts of timeline and the people associated with architecture
schools, it is evident that the subjects and design processes experimented are associ-
ated with either of the above schools. The curriculums of top ten architecture schools
as identified by NIRF rankings 2020 are studied here; among which brief curriculum
details of two renowned institutes, i.e., School of Planning and Architecture (SPA)
and Center for Environmental Planning and Technology (CEPT) are stated here.

1. The curriculum followed at School of Planning and Architecture at New Delhi
in 1959 and later revised in 1967 of each academic year is as follows [18]:

• First year foundation studios involve design problems of two-dimensional
nature.

• Second year has rural planning that involves design of simple structures for
village scenarios by conducting site visits and by understanding materials
and methods of construction.

• Third year addresses issues of urban environment and designing public
buildings.

• Fourth year focuses on complexproblems such as urbanhousing,multistoried
buildings, and the design of industrial buildings.

• The final year, one works on redevelopment of large-scale urban areas
involving complex sociological, economic, and technical considerations
and last semester meant for thesis submission; that reflects ones complete
understanding of academic career.

2. The curriculumat School ofArchitecture SA,CEPT [2012] published as booklet
explains the pedagogy prepared during the years 1976, 1988, and 2001 and
describes goals, objectives, methodology, and credit distribution system. Few
of the goals mentioned are as follows [3]:

• To develop an individual rooted in his/ her context of society and place in
India, capable of the disciplines and skills through which to interpret them
into a qualitative physical environment,
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• Sensitivity to environmental surroundings to create balance between
manmade and natural systems,

• Appropriate choice of material and techniques with appropriate use of
resources, and

• To continue with Indian traditions yet suitably make modern day transfor-
mations.

The course at CEPT includes mainstream subjects such as basic drawing, design,
history, structures, environmental science, skills and tools, and humanities. Subjects
of drawing, painting, sculpturemaking, photography, ceramics, poetry, drama, appre-
ciation of dance, literature, and others are incorporated under arts and crafts/design
as workshops, electives or as exchange programs. The related study program (RSP)
in the fifth semester involves visit to rural areas where students and professors docu-
ment, measure draw a village staying on-site for weeks together. Internship is during
the sixth semester, and in ninth semester, students individually propose their studio
program, followed by thesis in the tenth semester [6].

18.4 Analysis

Architecture is called as ‘mother of all arts,’ but in terms of pedagogy, ‘all other
arts have been guiding force for architecture.’ To elucidate this claim, (Table 18.1)
provides a list of characteristics of each art school described in this paper that assist
in identifying design methods and ideologies used in Architecture schools.

The discipline and accurateness, bare pencil drawings and orthographic projec-
tions that were imbibed in Cole’s South Kensington system are practiced to this date
in subjects of basic design, architectural graphics, and measure drawing subjects.
The emphasis on sketching as a tool of thinking as in Ecole Beaux Arts is an evident
method of design process even for several famous architects. As amethod of teaching
in Ecole, where the importance was given to plans than compared to elevations and
sections is a practice in schools even today, wherein few professors have a keen
eye toward a linear process and focus mostly over plans than compared to whole.
Santiniketan as a colloquial art school that provided the unique ideology of finding
inspiration in the rural atmosphere has been an important tool of gaining ‘sense
of place’ and understanding ‘Indianess’ through subjects such as ‘related study
programs’ now adapted in several architecture schools. Bauhaus as an education
model of ‘modern movement’ has implicitly got engrained in teaching of architec-
tural design through its contemporary notion of ascertaining intuition and explo-
ration of materials in building industry. In addition, as mentioned by Ranjan [21],
the influence of HfG Ulm can be observed in ‘basic design assignments and other
early projects that was adopted to meet local needs and challenges.’ Quijano who has
workedwithHfG archive has remarked that ‘UlmSchool ofDesignmade an essential
contribution to the consolidation of a methodology which has had a lasting effect on
design education worldwide’ [22]. Lastly, Ulm and its explorations of incorporating
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Table 18.1 Characteristics of art schools adapted in architecture pedagogy

South Kensington • Correct observation
• Accurate expression
• Monochrome drawings
• Tedious reproduction

Ecole des Beau Arts • Drawing and painting skills
• Cartesian pedagogical program
• Sketch designs—Esquisse
• Ateliers (design studios)
• Guidance under practicing architect for a year

Santiniketan • Indian rural socio-cultural aspects
• Community activities devoid of influences of industrialization
• Importance to crafts
• Gandhiji’s ‘learning by doing’

Bauhaus • Arts and crafts
• Creative intuitive process
• Thinking and handling, material exploration
• Nature study
• Fundamental elements of form
• Classes on mass housing, city planning
• Environmental relationships

HfG Ulm • Scientific and technological knowledge
• Basic geometry, gestalt theory
• Importance of function and market needs
• Practical training from industry
• Social sciences in design practice
• Material exploration
• Coding and digital design

mathematics, science, and humanities have beenmeans of analyzing qualitatively and
thereby keeping human and ecology as the center of ‘need of design’ in architecture.

Table 18.2 helps in understanding the origin of a certain ‘subject’ and further its
adaptation in other art schools that have further developed in similar lines. From this,
one realizes that South Kensington system has a minimal role in terms of number
of subjects in architecture curriculum, compared to Bauhaus and Ulm that have
been key influencers. Yet, few significant ideologies and thought processes such
as conducting design studios and professional training are contributions of Ecole
des Beau Arts. Likewise, in establishing the importance of local study and cultural
awareness, Santiniketan takes a vital position.

In Table 18.3, the top ten architecture schools against subjects taught in all the
five years that possibly have roots from arts school are listed. The analysis explains
‘most commonly’ adapted subjects and vice versa. From, this one deciphers that
subjects such as Basis for design from Bauhaus, housing and community from
Santiniketan, design studio and professional training from Ecole Beau Arts are
widely accepted in all the architecture schools, whereas ornamentation and transfor-
mation of Ecole is least taught. Subjects such as digital fabrication, programming,
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Table 18.2 Relationship chart of art and design schools with subjects of architecture

and computing fromHfGUlm, have not yet found their place in most of the architec-
ture schools. While related study program credited to Santiniketan, is familiar in 9
out of 10 schools which incorporates student visits to rural areas for documentation
and community activities.

18.5 Conclusion

The pedagogy at architecture schools has not taken a phenomenal leap in content
and methods but has been minor deviations and experimentations within the scope
of ‘tried and tested’ age-old techniques. As asserted by Mehta, J [17] ‘most schools
have not come to grips with the pedagogical structure that arrived here from theWest
at the advent of the modern college level and education has more or less remained.’
Desai [6] is of the opinion that ‘curriculum model is almost the same all over the
countrywithminor differences and the course has been of five years durationwith the
office or practical training shifted one semester here or there.’ Thus, the influences
on architecture curriculum previously when there was minimal distinction between
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Table 18.3 Top ten architecture schools as according to NIRF ranking 2020 (not in ranking order),
and subjects from arts schools that are incorporated in the curriculum
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courses of art, design, and architecture are evidently still persistent in the present
context, even now while architecture is distinguished and has a defined niche. In the
future, to identify what lies in India as a means of inspiration in whole, of people
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and geography, of politics and culture, of real and mundane, than just aesthetic or an
appeal of perfection, than just scientific or technology to please the West, is where
architecture pedagogy needs to carve its path.
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Chapter 19
Product Design with Form, Strength,
and Function for Undergraduate Product
Design Students—A Case Study

Saurabh Kumar Mukherjee

Abstract At the undergraduate level, many students studying product design often
focus on the visual and tactile aspects of the design process. Those students inclined
toward a wider perspective with respect to a desire to also focus on the functional,
and strength aspects of products, may need a framework to understand how a design
moves from an idea to a product. This study, through the example of designing a
bicycle (for road use), provides a study on how undergraduate students could be
engaged to better understand certain elements in the design of a tangible product. (1)
Form, function and strength are key elements of any design which needs to be linked
with the user. (2) Trade-offs of various types are needed at every stage of a design
process. (3) The tools (including computing software) used are easily available to
students at no charge. Product needs to be safe, efficient, attractive, and comfortable.
Its complexity, in terms of mechanics and mathematics, is provided at levels where a
‘high-school student’ who has studied mathematics and physics with some training
inmechanics and kinematics can understand; while also allowing application of other
aspects of knowledge learnt by them, such as ‘color theory’. This, and other studies
of similar nature, focused on the incorporation of ‘applied sciences’ more intimately
with product design courses, at undergraduate levels, might help graduating students
to be better prepared to serve in industry.

19.1 Introduction

The curricula in many undergraduate programs in product design focus on the
aesthetics of the product without, perhaps, devoting enough attention into the func-
tioning and usage of the end product. However, there is evidence that incorporation of
this aspect enhances product design. For example, Bates et al. [1] have documented
their experience at the ‘Internal Design Program’ of San Jose State University that
served as a model which provided better outcomes. Moreover, Self et al. [2] have
demonstrated that while students taught by a single instructor weremore appreciative
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about the quality of instruction, a team-teaching approach was perceived to provide
greater opportunities to understand the relevance of different disciplines to the course
subject. Despite these documented advances in teaching methodology, only a third
(or less) of the courses in India emphasize the functional and strength aspects of
product design. See ‘Heading 4’.

The ‘Vitruvian Trinity’1 has been used by Kepler [3] to explain relevance of
strength, function, and form in designing products. All tangible products are invari-
ably made of some material, have certain geometry, and have colors. This results
in a form conveying a particular visual aesthetic. Any material of certain geometry
(form) inherently has certain strength, and geometry drives the stiffness.Wenham [4]
has described how the dimensions and geometry of the structure and the method of
force application, impact the magnitude of the force required to bend it. Incidentally,
a product needs to perform a function. These characteristics have a significant impact
on the approach to designing products.

Today, leveraging accessible technology might permit a student, without formal
and broad studies in applied sciences (like completing an engineering course), to
effectively consider these aspects when proposing a design. Linear finite element
(FE)2 modeling and solving have become more user-friendly and accessible for
design focused practitioners vis-à-vis engineering focused ones.

Studies have already been done in verifying strength and stiffness of a design
once an architype proposal for a design exists, or an iteration prepared [5]. Kim et al.
[6] have presented a course which covers the discussed aspects, in an undergraduate
course context, starting from sketches and right until testing. Optimization studies
related to lateral handling, for specific parameters, have been reported by Moore
et al. [7]. In this study, the example of designing a bicycle to illustrate steps a student
could incorporate into the design workflow to factor in functionality while designing
is shared. However, while the bicycle is used as a ‘muse,’ the steps in the process
described may be adapted to other design projects.

19.1.1 Context—A Bicycle

Three unique elements in a bicycle are: ‘it’s a single-track vehicle’, ‘it’s non-polluting
in use’ and for its basic version ‘it’s not a complicated machine with aggregates like
suspension, gearbox, and clutch which are needed in other vehicles’.

In a bicycle, the frame is one aggregate which decides the overall look of the
product significantly and connects most other aggregates together. The ubiquitous

1Named after Markus Vitruvius Polliio, author of a treatise of Architecture. See: https://en.wikipe
dia.org/wiki/Vitruvius.
2As explained by Prof. Bathe[17]: “This method is used for linear analysis of solids and structures
that starts with idealization of the system, discretization of the system into a set of springs which
follows the Hooke’s law, formulation of the equilibrium equation and then finding the solution to
the equation.” From ‘Lecture-1’ of an online course available under the Creative Commons License
BY-BC-SA. Link: https://youtu.be/oNqSzzycRhw.

https://en.wikipedia.org/wiki/Vitruvius
https://youtu.be/oNqSzzycRhw
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Fig. 19.1 Layout of a bicycle

design of a bicycle (based on a design from the 1880s3) has chain-driven traction on
the rear-wheel-sprocket, and both wheels are of a similar rolling radius.

The layout of the bicycle (see Fig. 19.1) involves: starting with a particular size of
wheels; relative positioning of the saddle, the pedal and handlebar; that are dependent
on anthropometrics as well as desired handling characteristics. Patterson et al. [8]
have reported that trail and the ‘moment of inertia’ are important factors to determine
the handling qualities of a bicycle, when designed.

Within the presented framework, the focus is to develop a design proposal for
the frame; as other aggregates such the sprockets, pedals, and pedal cranks can be
selected off-the-shelf.

As ‘material (and its processing)’ and ‘geometry’ have a significant impact on
the strength and stiffness of an object, this study focuses on these two aspects. The
software—i.e., tools—chosen for this project, available at no cost, includes:

‘FreeCAD 0.18’ [9]; ‘Z88 Arion V2’ [10]; ‘Netgen—as embedded within
FreeCAD’ [11]; ‘CalculiX—as embedded within FreeCAD’ [12].

19.2 The Process—for the Framework

The process described is relevant to any physical product that is subject to application
of forces, though all steps are not necessarily needed to propose a design.

The process starts with ‘estimation of loads and constraints,’ followed by ‘creating
a packaging space,’ and ‘running an optimization to evolve a topology.’ It is then

3As described in the page regarding ‘John Kemp Starley’ at Wikipedia. See: https://en.wikipedia.
org/wiki/John_Kemp_Starley.

https://en.wikipedia.org/wiki/John_Kemp_Starley
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Fig. 19.2 Estimation of loads

followed by ‘interpretation of the topology into a manufacturable part’ and ends with
‘specifying the proposed design in the form of a drawing and specification sheet.’
The final purpose of a ‘product design’ is practical usage. Manufacturing a product
requires sharing a drawing that the manufacturer’s team can use. For this study to
be effectively used, it is assumed that a student has an understanding of introductory
courses in ‘Applied Mechanics’ and ‘Strength of Materials.’

19.2.1 Estimation of Loads and Constraints

From a ‘system level’ standpoint, tractive effort is an important parameter needed for
designing any vehicle (see Fig. 19.2). This effort is an input to estimate the pedaling
force (see Fig. 19.3). As the handlebar controls the steering and supports the inertia
of the rider, estimating the load on the handlebar is important (see Fig. 19.4). The
saddle supports some rider inertia (see Fig. 19.5).

To simplify the study, loads along the lateral direction of the bicycle are not
included in this case study. For finding the tractive effort, a process explained by
Krishnakumar4 has been adapted.

Using mechanics, one can estimate the forces required on the pedal, once a value
for the tractive effort on the rear wheel is known. The force on the chain is more than
the tractive effort on the rear wheel since the ‘rear wheel sprocket’ is of a smaller

4See Lecture-02, by Krishnakumar [18] titled: “Mod-01 Le-02 Longitudinal Dynamics”, which
is part of a course provided courtesy IIT Madras through NPTEL. Link: https://youtu.be/T7el7X
L1aK8.

https://youtu.be/T7el7XL1aK8
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Fig. 19.3 Forces on the ‘bottom bracket’

Fig. 19.4 Load on frame due to handlebar forces (ignoring lateral)

radius vis-à-vis the rear wheel rolling radius. Based on the pedal (force required) and
the ‘resistive force on the chain,’ forces on the bottom bracket of the frame can be
estimated.

Resolving forces applied on the handlebar allows estimating forces on the top of
the frame (the steering stem top).
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Fig. 19.5 Space for packaging, loads and supports

Forces due to braking, an important factor for assessment of the frame longitudi-
nally, are discussed under the next heading.

19.2.2 Packaging Space, Loads and Supports

Packaging space is available space for an aggregate, which if occupied, would not
hinder the function, positioning and control of other aggregates or the user(s). The
packaging space for the frame is developed (in FreeCAD) based on the layout (see
Fig. 19.5). The lateral dimension of the packaging space is 20 mm (assumed), a
reasonable aspect ratio to represent the frame. A frame should not be too wide
between the legs while pedaling. For the speeds a bicycle is ridden at, the ‘area
moment of inertia’ required to stiffen the frame enough for lateral loading, for most
riders, should be considered. These factors are considered for reasonableness.

To estimate the braking load (front), a certain inertia (which includes rider mass)
is assumed. Deceleration is calculated as a ‘g’ value and converted to a force. It is
applied at the bottom part of the steering stem, in a rearward direction.

Reaction forces always develop at a support. Support at points ‘where the rear
axle fits’ and where the ‘frame is held on the fork’ are assumed as rigid points.
While at the rear end of the frame (near the stays) the true geometry of a frame splits
to provide for space to accommodate the ‘rear wheel assembly’ and the chain, this
slotting is ignored at this stage (as the impact on longitudinal studies such as this
would be minimal).
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Fig. 19.6 Topology optimization

19.2.3 Topology Optimization

Topology optimization enables the development of the most efficient path (topology)
for loads to transfer from the ‘location of application’ to the ‘location of supports’
provided in a structure. The efficiency in this context is the ‘minimum volume’ of the
material. The specified objective may be to ‘maximize the strength’ or ‘maximize
the stiffness’ and/or other custom requirements.

Bendsøe et al. [13] while proposing a ‘homogenization method,’ highlight the
difficulty encountered to change the structural topology during the design process.
Specifically, structurally significant members often drive the correct position, func-
tion, and specification of other aggregates in a product. Any late changes impact
these other elements (dependencies) increasing the complexity of execution.

The ‘Z88Arion’ tool is used for optimization of the design concept (see Fig. 19.6).
The packaging space is pre-processed (meshing, boundary conditions, materials,
loads, and selection of non-design spaces), solved and post-processed (showing the
results in a way that is easier to interpret). Material selection (metals in this context)
is a trade-off between price, properties of the material (such as: density, Young’s
modulus, modulus of rigidity, Poisson’s ration, yield strength) and processing
complexity. For this study, a type of steel is selected.

There are several solver options within this tool. ‘TOSS’ is the solver option used
as its optimal here for its breadth.5 The results are reasonable.

5See ‘Page 14′ of the ‘Theory User Manual’ of the software. Kindly translate online since this
manual is written in German. See: https://download.z88.de/z88arion/V2/benutzerhandbuch.pdf.

https://download.z88.de/z88arion/V2/benutzerhandbuch.pdf
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Fig. 19.7 Interpretation of the topology result

19.2.4 Interpretation of Results—Creating a Design Proposal

A topology optimization result provides the guidance for developing a frame. A
frame representing ‘material, geometry, and manufacturing’ feasibility needs to be
created (see Fig. 19.7). The material, for example, is a standard material normally
used on bicycles (‘IS 3074:2005’6). Certain additional members are added to connect
members laterally. These are positioned in a manner that they do not interfere with
other aggregates in the product.

19.2.5 Verification of the Design Proposal

For virtual verification, see Figs. 19.8, 19.9, and 19.10.
The FE workbench within ‘FreeCAD’ is used. For meshing ‘Netgen’ and for

solving ‘CalculiX’ are used (embedded inside the workbench). Two aspects Viz.
‘stiffness’ and ‘propensity to yield’ are assessed. The results are reasonable for the
given conditions.

The ‘VonMises’ stresses provide a ‘better correlation with experimental behavior
than ‘Tresca’ yield criterion’7 and has been used to assess the developed stresses.

6Bureau of Indian Standards. See: https://bis.gov.in.
7Teaching and learning packages of the ‘University of Cambridge’. See: https://www.doitpoms.ac.
uk/tlplib/metal-forming-1/yield_criteria.php.

https://bis.gov.in
https://www.doitpoms.ac.uk/tlplib/metal-forming-1/yield_criteria.php
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Fig. 19.8 Verification of interpreted design

Fig. 19.9 Stiffness behavior

19.2.6 Specification of the Design for Manufacturing

Amanufacturing team needs a drawing and specifications communicating the design
(to the extent it impacts—functional performance) (see Figs. 19.11 and 19.12).

The framework described above leverages technology to drive efficient design.



238 S. K. Mukherjee

Fig. 19.10 Stresses due to loading

Fig. 19.11 Frame drawing
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Fig. 19.12 Details in drawing

It provides an example of proposing concepts that are a suitable option from
strength and stiffness standpoint, while meeting form and functional requirements.

19.3 Potential of This Framework for Students

Students love to design products which consider human factors and are pleasant
to use. The framework embodied in this example could be applied to other prod-
ucts and/or aggregates as an integral attempt to propose a design that is ‘desired
by customer’ and which is appreciated by engineers and manufacturers. For those
interested in designing bicycles for design competitions, this case study could be
adapted to comply with the ‘approval protocol’ of UCI.8

Optimization as a process has been used in industry for over a decade [14]. Virtual
testing has been used in automotive industry to estimate ‘fatigue life’ [15]. The
hypothesis that ‘drawings are important in mechanical design process’ has been
evaluated, and support for the hypothesis has been reported [16].

There may be other case studies that already provide frameworks which leverage
technology to incubate aspects of the ‘applied sciences’ in design of products.
Considering the existing focus on inter-disciplinary studies in product design among
researchers, this case study is an addition to these efforts.

8UCI is an abbreviation of ‘Union Cycliste Internationale’—Document: ‘Approval Protocol for
Frames and Forks’. See: https://www.uci.org.

https://www.uci.org
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19.4 Data

Data relevant to this framework including: calculations for estimating loads, the 3D
model, the optimization, the verification, and a study to assess the ‘proportion of
courses focused on applied sciences in undergraduate product design programs in
India’ may be accessed at:

https://drive.google.com/file/d/1A27WF_3wpTckmdtm8kpO30odewMDrXQ1/
view?usp=sharing.

Password: ‘XL1632ptq#!acd4’

Acknowledgements I thank the teams who have developed and provided access to the modeling
and simulation tools used in this case study.
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Chapter 20
Non-technical Competencies
for Succeeding as a Designer
in a Digitally Transforming Workplace

Farrokh Mistree and Janet K. Allen

Abstract Digitization is disrupting our world and shaping the challenges that newly
minted graduates will need to address in their professional careers. The solution to
manage such disruptions is anchored in the principles of sustainability and values
that are foundational to mitigating inequities by managing the tensions between the
pulls of people, planet, and profit. To succeed in the digitized world, we suggest that
we provide the opportunity for our soon to be designers to develop five non-technical,
career sustaining competencies:

1. To continue learning through reflection and the associated creation and
articulation of knowledge.

2. To speculate and identify gaps that foster innovation.
3. To ask questions, actively listen, reflect, and identify gaps and opportunities

worthy of further investigation.
4. To make decisions using incomplete information.
5. To think critically (deductive reasoning and inductive speculation) and identify

a way forward.

Our intent in this paper is to promote reflection, dialog, and action on modifying
curricula to provide our soon to be designers the opportunity to internalize non-
technical career sustaining competencies and values that empower them to foster
societal and technological innovations that promote sustainable development and
mitigate societal inequities.

This paper is based on course notes for AME5303—Designing for Open Innovation and a talk given
at the Future Steel Forum in Budapest in 2019.

F. Mistree · J. K. Allen (B)
The Systems Realization Laboratory, University of Oklahoma, Norman, OK, USA
e-mail: janet.allen@ou.edu

F. Mistree
e-mail: farrokh.mistree@ou.edu

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2021
A. Chakrabarti et al. (eds.), Design for Tomorrow–Volume 2, Smart Innovation, Systems
and Technologies 222, https://doi.org/10.1007/978-981-16-0119-4_20

243

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-0119-4_20&domain=pdf
mailto:janet.allen@ou.edu
mailto:farrokh.mistree@ou.edu
https://doi.org/10.1007/978-981-16-0119-4_20


244 F. Mistree and J. K. Allen

20.1 Frame of Reference

Our aim in this communication is to spur dialog amongst the academic commu-
nity. Much has been written about Industry 4.0 and its attendant ramifications on
industry, society, and the workforce. Without question, there has been “hype” fore-
shadowing significant changes and prospects for social and economic development.
Therefore, we could wonder whether the current writings are perhaps just new wine
being poured into old bottles. Be that as it may, Darwin’s statement rings as true
today for industry and society as it does for evolution: “It is not the strongest of the
species that survive, nor themost intelligent, but onesmost responsive to change.”We
recognize that students being educated for the workforce need both domain depen-
dent competencies (e.g., technical, business, and management) and non-technical,
career-sustaining competencies. In this paper, we suggest five non-technical, career-
sustaining competencies for success in a digitally transforming enterprise. It is in this
context that we pose the question: For success of people in enterprises characterized
by the digitally transforming forces released by the adoption of Industry 4.0 what
are the non-technical competencies required?

The quality of life has been dramatically improved by industries and enterprises
around them. Companies have dramatically contributed to the increase in GDP. This
has mainly been the result of design and deployment of cyber-physical systems, and
the result has been the inequity in living standards. We suggest that the design of
cyber-physical-social systems is one way to mitigate inequities in the quality of life
which we see around us. To design cyber-physical-social systems, it behooves us to
embrace the principles of sustainability that are foundational to mitigating inequities
in managing the tensions between the pulls of people, planet, and profit.

To provide context for the design of cyber-physical-social-systems, we use India
by way of example. Although India is one of the fastest growing developing
economies in the world, more than 800 million people live in rural areas and about
one third of those live in poverty [6]. Weerawardena and Mort [10] suggest that
one answer to this problem is that social enterprises be developed. However, for
their long-term sustainability and growth, these social enterprises must respect the
sustainability drivers. These authors contend, “the role of the social mission goes
hand in hand with the sustainability of the organization. Sustainability resulting
from a balance of the entrepreneurial drivers of innovativeness, proactiveness, and
risk management is not seen as an end, but sustainability is focused on ensuring the
continuation of the organization because of its social mission.”

There are many challenges to improving the lot of the rural poor, for example,
the lack of proper education, health care, housing, sanitation, electricity, droughts,
and floods. Further, the replication of strategies embodied in industrialization and
globalization for rural development are not appropriate. For a critical review of the
literature and suggestions on addressing, the issue of minimizing inequities in rural
development, see Kamala [4].

A key role in uplifting conditions of the poor can be played by social entrepreneurs
[10]. They also provide leadership toward achieving sustainable advantages, to
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Table 20.1 A Comparison of social and business entrepreneurs

Business entrepreneurs Social entrepreneurs

Goal Make a profit, capture the
market

Improve quality of life by filling a
market gap

Objective Build the business, make a profit Create social change by
developing sustainable solutions

Profit motive Maximize shareholder value Profit as a means to advance
social aims

Risk Basic business risks Both basic business risks and
social risks

Link to social problems Indirect Direct

Feedback Market and communication
sources have been established

No standard methods of feedback
available

Competition Surpass others in the market Social enterprises exist because
no one else is adequately
addressing the problem

Growth Competitive May rely on collaboration to
enhance social impact

Capital Generally robust and reliable
sources of funding

Financing unpredictable and
fragmented

accomplish their social missions [10]. In Table 20.1, developed by Tschang et al.
[9], the differences between a business and social entrepreneur are shown.

In order to address societal needs, social entrepreneurs create non-profit solutions
which have social value [1, 2]. In comparison with business entrepreneurs, a social
entrepreneur seeks a market gap which, when filled, will bring about social change.
The business entrepreneur seeks a profit coupled with a substantial market share; the
social entrepreneur works to create social change and social value. If the business
entrepreneur happens to create social value while making profit, that is an added
advantage, but is not the primary motivation of the business entrepreneur. These
differences in goals have a considerable impact on the growth path chosen. In the
next section, we address the following question: Given the paradigm of Industry
4.0, what is a cyber-physical-social system for promoting sustainability through the
mitigation of tensions between people, plant, and profit?

20.2 A Cyber-Physical-Social System to Promote
Sustainability

To provide context for the ensuing dialog, we offer the following definitions of some
keywords and phrases which we have used in this communication:
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Autonomy is a state inwhich a robot or piece of equipment operates independently,
without explicit instructions from a human. https://www.oqton.com/zh/from-automa
tion-to-autonomy/.

Automation is a set of human-defined functions performed by a robot or piece of
equipment. https://www.oqton.com/zh/from-automation-to-autonomy/.

Competence is the ability to perform a specific task, action, or function success-
fully. Incompetence is its opposite. https://en.wikipedia.org/wiki/Competency.

Competencies are the result of integrative learning experiences in which skills,
abilities, and knowledge interact to form bundles that have currency in relation to
the task for which they are assembled. https://nces.ed.gov/pubs2002/2002159.pdf.

Digitization is the transformation from analog to digital or digital representation
of a physical item with the goal to digitize and automate processes or workflows.

Digital business is the creation of new business designs by blurring the digital and
physical worlds. It promises to usher in an unprecedented convergence of people,
business, and things that disrupts existing business models—even those born of
the Internet and e-business eras. https://www.forbes.com/sites/gartnergroup/2014/
05/07/digital-business-is-everyones-business/#660921477f82.

Digital transformation is the novel use of digital technology to solve tradi-
tional problems. These digital solutions enable—other than efficiency via automa-
tion—new types of innovation and creativity, rather than simply enhance and
support traditional methods. Success is anchored in both digital business and digiti-
zation. https://cn.bing.com/search?q=https://en.wikipedia.org/wiki/Digital_transfo
rmation&PC=MENEPB.

Internet of Things is the interconnection via the Internet of computing devices
embedded in everyday objects, enabling them to send and receive data.

Internet of People (IoP) is associated digitally with a cyber-physical system. This
network is responsible for resolving exceptions, interferences, or conflicting issues
in a cyber-physical system that is vested with autonomy.

20.2.1 Digital Transformation in a Cyber-Physical-Social
System

A digital cyber-physical-social system is a digital model of an end-to-end network
which enables the of transfer autonomy from the physical realm to the cyber-physical
realm. The human is critical for the cost-effective and safe operation of the cyber-
physical-human (social) system. Digitization has made it possible:

• For an IoP to communicate with cyber-physical systems (machines, devices,
sensors) and each other via the IoT and innovate.

• For cyber-physical systems to perform tasks near—autonomously, a human in the
IoP is needed for resolving exceptions, interferences, or conflicting goals.

• For an IoP to be supported by assistance systems anchored in a virtual copy of
the physical world (digital facility models enriched with sensor data). Assistance

https://www.oqton.com/zh/from-automation-to-autonomy/
https://www.oqton.com/zh/from-automation-to-autonomy/
https://en.wikipedia.org/wiki/Competency
https://nces.ed.gov/pubs2002/2002159.pdf
https://www.forbes.com/sites/gartnergroup/2014/05/07/digital-business-is-everyones-business/#660921477f82
https://cn.bing.com/search?q=
https://en.wikipedia.org/wiki/Digital_transformation&amp;PC=MENEPB
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systems are designed to provide appropriate information for humans in the IoP
to make informed decisions to resolve critical problems on short notice in an IoP,
where decisions are decentralized.

The leadership of any cyber-physical-social enterprise must not only worry about
productivity, efficiency, and cost-effectiveness, but it must also focus on innovation.
It must respond to new and different societal pressures, usually while internalizing
new environmental disruptions and addressing social justice concerns. To survive
in such a difficult business climate, a contemporary enterprise must embrace digital
transformation for it to innovate and survive.

20.2.2 What Does Digital Transformation Mean
for the Future Workforce?

Clearly, with more automation, there is going to be a shift in manufacturing from
operational/reactive problems (firefighting) to proactive, system-focused approaches,
where potential problems are predicted and addressed before they become actual
problems (policing). Undoubtedly, some firefighters will always be required but
being able to solve a problem will not be as valuable of a skill as being able to
identify a systemic flaw at a stage before it becomes an actual problem.

Not only do members of the IoP have to have the skills to do firefighting, but they
also must be trained to do policing. Members need to become experts at sandboxing,
piloting, trialing, debugging code, etc. If one takes the Boeing 737 Max disaster, for
instance, the failure was not just with the plane crashes themselves. It had more to do
with the fact that the code had not been properly tested with a representative set of
human pilots; it did not help that Boeing executives initially refused to acknowledge
that they had a systemic problem. Boeing has spent a lot to fix the code over the past
few months (firefighting), but that cost will pale in comparison to the resources that
the company will spend in the coming years and decades to make its software testing
processes more robust (policing). There will be organizational resistance to change
as well, which means that in a policing world conditioned by increasing automation,
non-technical (soft skills) competencies (e.g., ability to continue learning coupled
with systems thinking) will be even more essential for members of the IoP.

Peter Senge believes that real learning is central to being human.Through learning,
we re-create ourselves; see [8]. Both individuals and organizations can and must
learn. For a learning organization, survival learning is necessary. This is often called
adaptive learning and essential for survival. However, a learning organization must
have both adaptive learning and generative learning, learning which can enhance
our capacity to create. Equally important is that only those in the workforce who
can recognize and respond to change brought about by digitization will succeed. We
suggest that generative learning is foundational to being adaptive.

Enhancing talent involves improving the skills of a person, usually through
training, so that they will be better at firefighting and policing. Typically, in a
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manufacturing enterprise of yore, talent could be expressed as follows:

Talent = Experience+ Skills+ Training

However, for a digitally transforming enterprise, we suggest that the preceding
expression for talent is inadequate. A person in a digitally transforming enterprise,
in addition to being able to adapt to advances in technology, needs to be able to
communicate and relate to people (from different disciplines, cultures, values) who
may not be co-located. We suggest that talent in a digitally transforming enterprise
(Talentdt) can loosely be expressed as follows:

Talentdt = Talent+ Generative Learning

Although people can be trained to use new technologies and how to communicate
and relate to other people, we cannot teach people how to learn, unlearn what is
no longer relevant and relearn that which is needed. We can, however, provide an
opportunity for people to learn by reflecting on doing (see https://en.wikipedia.org/
wiki/Experiential_learning). Through learning, unlearning, and relearning people
can recreate themselves. Generative learning enhances our capacity to innovate (see
https://www.businessdictionary.com/definition/generative-learning.html).

20.3 Non-technical, Career-Sustaining Competencies
for Generative Learning

Engineering designers are engaged in building the future, and, the future is increas-
ingly being determined by a digital transformation, and the students we educate must
also be prepared for this changed environment and its further evolution. In the manu-
facturing industry, this takes the form of Industry 4.0—but other industries are being
affected similarly. This will require a substantial modification in our approach to
education, both in the specific content which is to be taught and in the competencies
which our students will need to develop in order to be successful in future. Here, our
focus on in the competencies to be taught rather than the specific engineering content.
We propose that the following competencies will be required in future workforce:

1. The ability to learn, unlearn, and relearn through reflection on doing and the
associated creation and articulation of knowledge.

2. The ability to speculate about the future and to identify gaps in state-of-the-art
or state of practice in ways that may lead to innovation.

3. The ability to ask questions, actively listen, reflect, and identify opportunities
worthy of further investigation.

4. The ability to make decisions to move forward using incomplete information.
Innovation involves risk, and in order to move forward, it is necessary to accept
this risk, make a decision and proceed.

https://en.wikipedia.org/wiki/Experiential_learning
https://www.businessdictionary.com/definition/generative-learning.html
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5. The ability to assess and think critically and identify a way forward. Critical
thinking is necessary to move forward on a technical project and in identifying
what one needs to learn next. Two perspectives are important—a perspective
which is external to the individual, and one which is internal.

20.4 The Way Forward: Let the Dialog Begin

In this paper, we offer some thoughts on enhancing the non-technical competencies
that are essential for generative learning of individuals in an IoP in a digitally trans-
forming learning organization. In keeping with our desire to foster discussion, we
offer the following questions to critically evaluate what is presented in this paper:

1. How should the description of a digitally transforming enterprise in this paper
be enhanced?

2. How should the proffered non-technical, career-sustaining competencies to
foster generative learning in people constituting the IoP be modified to cover
what is missing in our description of the digitally transforming enterprise?

3. How should we modify our curricula to facilitate newly minted engineers to
gain these non-technical career sustaining competencies? For an example of an
attempt, at fostering the internalization of the career sustaining non-technical
skills see [3, 5, 7].

4. How can we ensure that people constituting the IoP, through generative
learning, continue to improve productivity, efficiency, and cost-effectiveness
in a learning organization through innovation and under societal pressure to
integrate sustainability and social justice with technical efficiency?

5. What is needed to motivate the people that constitute the IoP to join/form a
generative learning organization?

6. How should a digitally transforming enterprise facilitate people constituting the
IoP develop the non-technical, career-sustaining competencies?

To repeat Charles Darwin’s maxim “It is not the strongest of the species that
survive, nor the most intelligent but ones most responsive to change.” A transforma-
tion is taking place in theworkplace and this creates a need to adapt, so let us consider
the question what non-technical, career-sustaining competencies are needed for the
success of newly minted engineers in digitally transforming social enterprises that
mitigate the tensions between people, planet, and profit? An answer to this question
is particularly relevant to a rapidly industrializing country such as India with private
and government academic institutions graduating the world’s second largest number
of engineers.

Let the dialog begin.
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Chapter 21
Application of ASPECTSS™
to the Design of Vocational Training
Spaces for Individuals with Autism
Spectrum Disorder

Nithya Venkataraman and Kudrat Kashyap

Abstract Autism spectrum disorder (ASD) is a developmental disorder that leads to
a characteristic pattern of perceiving, thinking and learning. ASD, due to its complex
nature, has not been given enough attention in design guidelines or building codes.
Designing spaces in which an individual with ASD could be sensorily comfortable
can potentially help in themanagement of asmany of the symptoms as could bemani-
festations of their sensory discomfort. The personal interpretation of a physical envi-
ronment affects the meaning attached to it. Thus, it becomes essential to design the
built environment for individuals with ASD in order to maximise their independence
and efficiency. Vocational training in craft-based skills involves a specific sequence
of process requirements. The working environment can embody these requirements
to be more conducive to learning for individuals with ASD. The study explored the
application of ASPECTSS™, a design index, for the design and layout of the training
institute. Based on the preliminary observations, the study mainly focused on three
areas, acoustics, compartmentalisation and escape spaces. Improvement of acoustics
through installing high noise reduction coefficient materials, provision of an escape
space and collapsable structures for compartmentalisationwere the interventions that
were suggested to the institute.

21.1 Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental condition characterised
by deficits in reciprocal social interactions and communication skills, accompanied
by restrictive and repetitive behaviours [8]. Stereotyped movements and engagement
in repetitive activities, resistance to environmental change or change in daily routines
and unusual responses to sensory experiences are some behaviours that characterise
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autism. Autism research often describes some of the behavioural factors as a relative
strength of the cognitive profile. As early as 1944, the cognitive skills of individuals
with autism have been observed and penned down. A study described children with
autism as unquestionably endowed with good cognitive potentialities and possessing
intelligent physiognomies [2].

Autism spectrum disorder, as the name suggests, is called a spectrum disorder
due to the complexity of the types and the degree of disorder. The three main areas
of difficulty faced by individuals with autism are known as the “triad of impair-
ments”. They are difficulty with social communication (difficulty with verbal and
non-verbal communication), difficulty with social interaction (difficulty with social
relationships) and difficulty with social imagination (difficulty in the development
of interpersonal play and imagination) [7]. The best predictors of social outcome in
children with an ASD diagnosis are cognitive skills and language skills. Both are
currently listed as specifiers for ASD in DSM-5 [1].

Since a few decades ago, architecture practice considers that there are individuals
with different types and degrees of disabilities (mainly visual, hearing and motor
impairments). Some disabilities are not so “visible”, and that is, usually, ignored in
the task of making the environment accessible [9]. Autism spectrum disorder is one
of these disabilities. It is often said in the autism community, “If you have met one
person with Autism, you have only met one person with Autism”, thus elucidating
the idiosyncrasies of ASD.

Individuals with ASD often experience difficulty in processing the information
they receive through their senses. Several elements from the environment become a
barrier which somehow impedes the understanding of the environment, and, in turn,
leads to the so-called socially unacceptable behaviour (gestures, verbal utterances
and body movements). In the eyes of a lay observer being at that exact time in that
exact space, the whole scenario would be perceived as inappropriate behaviour in
a given situation [11]. Whereas it has been the imbalance between the environment
and an individual’s ability to adapt to it, that has triggered the seemingly peculiar
behaviour. The built environment, therefore, has to be considered vital as it greatly
influences, directly and indirectly, individuals with “less visible” impairments.

According to the existing literature on environment and behaviour relations, how
a person behaves in a particular situation reflects the interaction between the two,
not the person alone or that person’s environment [4]. Performance of pupils with
autism is enhanced in an appropriate physical environment [3]. To work towards
building such an environment, architecture or space design plays a vital role. The
physical architectural surroundings of colour, texture, ventilation, sense of closure,
orientation and acoustics must be designed before, rather than after the sensory
malfunction occurs [6]. Perhaps by altering this sensory input in a manner designed
to accommodate specific needs of individuals with autism, the behaviour may be
improved, or at least a more conducive environment created, for more efficient skill
development.

Research in this field has shown this to be a successful approach, particularly in
the area of acoustical design [6]. However, much of the literature on accessibility
has focussed on physical disability, with less attention paid to “unseen” disabilities
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or differences. Despite the growing incidence rate, autism is excluded from design
guidelines, evenbuilding codeswhich address the requirements of peoplewith special
needs [6].

Craft provides a viable medium for individuals with autism to gain vocational
training. It also provides engagement with fine motor skills that may be beneficial
for their management. Vocational training, especially in skill-based crafts, involves a
specific sequence of activities and process requirements which must be a part of the
working environment of individuals with ASD, in order to make it more conducive
to learning. Workspaces for people with ASD in India are not inclusive, especially
concerning skill-based vocational training. There are limited studies which focus
on the layout design of a vocational training institute for individuals with learning
disabilities. Despite the importance of vocational training being recognised as a
bridge to an actual working place in the life of an individual with autism, this area
has not been studied yet.

The gap in the existing literature suggests that designing sensorily favourable
training spaces for individuals with autism may help individuals in experiencing the
worldwith relatively lesser sensory overloads. Thus, this study aims at understanding
the interaction of individuals with ASD, within the spaces of a vocational training
institute. It also explores the application of ASPECTSS™ [5] for suggesting feasible
alterations to the space in a skill-based vocational training institute. ASPECTSS™
is a group of design principles consisting of acoustics, spatial sequencing, escape
space, compartmentalisation, transition zones, sensory zoning and safety.

21.1.1 Research Question

How can we design a space for individuals with ASD who train in skill-based activ-
ities, in order to enhance their learning experience and augment their behavioural
outcomes?

21.1.2 Objectives

The study aims at the following objectives:

• To study the existing workspaces for skill-based activities designed for teenagers
and adults with autism spectrum disorder.

• Tounderstand theworkspace requirements for skill-based activities for individuals
with autism spectrum disorder.

• To explore the possibility of using ASPECTSS™ as a design framework for
re-designing the workspace.

To the best of our knowledge, this was the first study that explored the application
of ASPECTSS™ to the design of a vocational training institute in India.
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21.2 Methodology

21.2.1 Participants

Participants for the study consisted of the trainees at a vocational training institute
located in Bengaluru. The institute has prior permission from the parents for obser-
vation. The total number of trainees observed at the institute is 13, ten boys and
three girls. The ages of the trainees range from 14 to 33 years. The objectives of the
study were explained to the authorities at the institute before commencing the study.
The observation took place for a period of 20 days from January 2020 to March
2020. Interviews were conducted for teachers at the institute. Teachers were asked
for their views on the influence of space on the behaviour of trainees. Apart from the
teachers, an architect with prior experience in the field of special needs was inter-
viewed. Parents who have children with autism also work at the vocational training
institute to better understand the needs and demands of their children. A therapist
undergoing training in special needs was also interviewed. She too has a son with
autism.

21.2.2 Procedure

The research followed an ethnographic approach. The study follows an exploratory
research design as it aims to understand the interaction of individuals with autism and
the spaces around them. Both participation and non-participation observation were
employed to observe the trainees. The observation was carried out from 11 a.m.
till 3 p.m. on most days. The trainees participate in many activities during the day,
each scheduled according to the abilities and interests of the trainee. The institute
provides training in three broad categories of skills, namely craft-based skills (e.g.
block printing, the printing of table cloth, cushions, spreads and other home decor
items, jewellery making and sewing) hospitality skills (e.g. back end kitchen jobs,
baking cakes and cookies, maintenance of workspaces, table setting and catering)
and digital skills (e.g. training in graphic designing and multimedia). The institute
works towards creating valued social roles for individuals with autism. A class on
pragmatic language is also conducted at the institute.

The researchers devised a procedure to develop suggestions on three areas from
the ASPECTSS™ framework, as they were found to be most relevant for the study.
These are—acoustics, compartmentalisation and escape spaces. The trainees were
observed for 20 days, and their behavioural practices mapped concerning these three
selected areas. Based on the preliminary observations, a structured interview was
conductedwith an architect. Itwas followedupbydetailedobservation and interviews
of teachers at the institute. Suggestions were made based on feasibility and cost-
effectiveness (Table 21.1).
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Table 21.1 Plan of the study

Methodology Sample characteristic Number of observation
days

Principles selected
under ASPECTSS™,
based on observation

Ethnographic
approach; Exploratory
research design

N = 13
10 boys
3 girls

20 Acoustics
Escape space
Compartmentalisation

21.3 Analysis

Post the preliminary observations, the researchers prepared a report for the insti-
tute. The observations were collated and studied along with the content from the
interviews. Suggested areas of intervention were derived from content analysis and
observations (Table 21.2).

For ease of understanding, a simplified version of the floor plan was drawn using
basic shapes. The floor plan is illustrated in Fig. 21.1. It represents the area where the
craft-based and hospitality training is conducted. This area is multifunctional. The
suggested changes in this area are compartmentalisation of work stations in block
printing area and installation of high noise reduction coefficient material (e.g. cork,
hemp husk, acoustic panels) on the shutters to reduce outdoor noise. The institute
lacks an unoccupied space which can be converted into an independent escape space.
However, an escape space can be created in the classroomwhere pragmatic language
is taught. The class is conducted only once aweek. A collapsable structure that can be
drawn when the class is not in session will prove useful as an escape space. Partition
sheets made of Cane are in use at the centre. Thus, Cane is the suggested material to
construct the partition for the escape space.

21.4 Results

Auser-centric approach is necessarywhen designing a physical environment for indi-
viduals with autism. We aim to augment the insights received through this approach
with design principles. The observations and the corresponding suggestions are
presented in a tabular form in Table 21.3. Some behaviours in the trainees occurred
repetitively throughout the observation. According to the three-dimensional model
(basic level, integrative level and logical level) [10], repetitive activities may relate
to different deficits and compensatory processes within and between dimensions.
Ben Shalom’s model of frontal integration is non-deterministic, allowing different
aetiologies (causes) to similar symptoms [12]. Such is the case with behaviours
observed in individuals with autism. We may not be sure of the cause; however,
through trial and error, the environment around these individuals can be altered to fit
their needs best. Behaviours presented in the table can be modified for the benefit of
the individual through design intervention.
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Table 21.2 Observed behaviour and suggestions for the space design at the training institute

Day of Observation Observed behaviour The applied principle
under ASPECTSS™

Reason for application
of principle under
ASPECTSS™

Day 1 Noise of a motor
running outside.
Stimming
(self-stimulatory
behaviour) observed in
one of the trainees.
Slapping and hitting his
head with force

To improve the
acoustics of a space,
the hypersensitive
profile must be given
priority. It is relatively
easier to add elements
to space rather than to
subtract [6]

Day 2 A trainee sat next to
speakers while they
were on. His ears were
closed. Although the
trainee has a
hypersensitive profile,
he continued to sit in
the class expressing
discomfort

Acoustics The training institute
works out of a shop
cum office complex.
There are shutters in the
front wall, which allow
a significant amount of
noise from the road to
enter the activity area.
Since some of the
trainees are sensitive to
loud noises, this
disrupts their behaviour

Day 3 A trainee hit himself on
his head, screaming
loudly & making
sounds that expressed
discomfort

Day 1 A trainee lied down
next to my feet, on the
floor amid a session

Day 2 Loud shouting by a
trainee may suggest the
need for a space to
recalibrate senses

Escape Space Trainees are often in
discomfort or are
overwhelmed. An
observer cannot be
confident of the cause
of discomfort. Probable
causes are:
• Unfiltered noise
• Visual stimulus in the
space allocated for
craft-based activities

Day 3 Another trainee sat in a
corner all day long. He
did not participate in
any class. The teacher
on duty said he had
fought with his mother
in the morning

(continued)
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Table 21.2 (continued)

Day of Observation Observed behaviour The applied principle
under ASPECTSS™

Reason for application
of principle under
ASPECTSS™

Day 1 Trainee continuously
explored the objects
kept right behind him
during block printing.
Visual stimulus is in
excess

Compartmentalisation Space can be
customised based on
function to achieve
maximum productivity.
Multifunctional spaces
should be avoided to
reduce sensory
confusion [6]

Day 2 Teachers conducted a
meditation session post
lunch, in the lunch area
itself. Most of the
trainees were distracted

Visual stimulation
leads to sensory
overload, resulting in
behaviour change. The
area allocated to block
printing is vast in
comparison with areas
allocated to other
activities.
Compartmentalisation
in this area will prove
beneficial

Day 3 A trainee was exploring
a pair of cloth scissors,
which were lying on the
block printing table.
The trainee could injure
himself and others with
a large pair of scissors
made of metal

The researchers selected three design principles, namely acoustics, compartmen-
talisation and escape space for application in this study. The training institute runs in
a rented space. Hence, the construction of a new space or addition of elements was
not economically and practically feasible. The suggestions are limited to the use of
a collapsable structure for creating an escape space, rigorous use of cupboards and
use of colour coding for compartmentalising the work stations and the installation
of high noise reduction coefficient material on the shutters to improve the acoustics.

21.5 Discussion

The study explored the application of ASPECTSS™, a set of design principles to
the design of a vocational training institute. These guidelines have been developed to
design efficient classrooms for children with autism [6]. However, the design index
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Fig. 21.1 A simplified version of the floor plan where craft-based activities such as block printing,
jewellery making, hospitality and baking are conducted

itself has a vast scope of application. Out of the suggestions made, improvement in
acoustics is of great consequence for the training institute. Acoustics are the most
influential architectural factor in the behaviour of individuals with autism [6]. Dr
Temple Grandin, professor, inventor and a spokesperson for autism, affirms that
reactive behaviours may result through a mere expectation of being subjected to
some form of objectionable noise. Natural materials such as cork and hemp husk
function as sound absorbers. We suggest the installation of panels made with such
materials to improve the acoustics of the activity area.

Compartmentalisation of work stations can prove useful, especially in the block
printing area as it would limit the visual stimulus for the trainees. The physical
compartmentalisation of activities will decrease visual distractions and limit the field
of peripheral vision. These issues typically limit the attention span of an individual.
If the visual stimuli are limited, the child will learn to focus on the educational task
at hand [6]. Here, we speculate that an adult or teenager with autism will also be
benefitted by decreased stimuli in his/her environment. The provision of an escape
space is of importance as well. The proposed escape space can be envisioned as a
quiet corner. The use of accessories such as textured-rugs and cushions is suitable.

Calming toys for individuals with autism can be used as well. Such a space
can help in managing over-stimulation and its manifest behaviours. Of particular
mentioned here is the stimming behaviour. We speculate that stimming, which is
a self-stimulatory behaviour, can be effectively managed through time spent in an
escape space. Each individual is different; however, stimming usually occurs due to
a lack or overload of sensory information from the environment. Such behaviours
are comforting to the individual. Stimming behaviours can be controlled in a person
who engages in them. However, the opinion of experts is conflicted on whether or
not it should be controlled.
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Table 21.3 Keywords from interviews and the corresponding suggested ASPECTSS™ design
principles

Interviews with
teachers & architect

Identified keywords
from interviews

Principles under
ASPECTSS™

Suggestions made to
the training institute

Architect, Teacher 2 Calibration, Respite,
Sensitive students

Acoustics Material with high
noise reduction
coefficient to cover the
shutters in the
craft-based activity
area, as shown in
Fig. 21.1

Architect, Teacher 2 Place to rest between
sessions, respite,
Texture,

Escape space An escape space is
particularly useful for
the trainees with a
hypersensitive profile.
It can help them to
recalibrate their senses
as and when they feel
the need
A teacher suggested the
need to create a space
that can be used by the
teachers as well to take
rest between sessions.
As ASPECTSS™
suggests, an escape
space can have benefits
not only for the
individuals with ASD
but also for their
teachers

Architect, Teacher 1
and 2

Colour-coded spaces,
Activity-based spaces,
Classrooms for
activities, Partitions in
classrooms

Compartmentalisation Compartmentalisation
of work stations. It will
prove beneficial in the
block printing area.
Under
compartmentalisation
the following is
suggested based on
feasibility:
• Strict use of
cupboards for tools
by teachers

• Colour coding of the
floor and walls
according to type of
activity
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The intention of designing a training institute based on a design index such as
ASPECTSS™ is to maximise learning and productivity. Trial and error will occur
with an intervention thus made. Learnings from observation and interviews of those
occupying such spaces can substantially increase our understanding of the idiosyn-
crasies which would otherwise go amiss. A designed configuration in space can help
develop skills to handle the chaos in a real world, uncontrolled situation. Creating
an environment where the individual with autism is more focused and less prone to
sensory overloads will provide a platform for more efficient skill development in a
shorter period.

21.5.1 Scope and Limitations

The primary research of the study is limited to skill-based vocational training. The
intervention aimed to follow the suggestions enumerated by a pre-test and post-test
design of experimentation. The researchers envisioned a quasi-experiment which
would reveal the change in behaviour if any, after the design intervention. The lock-
down imposed by the government to curb COVID-19 limited the intervention. The
study reveals, in its limited progress, the idiosyncrasies of individuals with ASD in
a vocational training centre. The aim is to follow up with the intervention once the
lockdown restrictions are lifted. The study faced some methodological limitations.
The sample of the study is limited to one vocational training centre in Bengaluru,
wherein the number of individuals with ASD is 13. Although the study is in the area
of special needs and results are not generalisable by this very nature of the study,
the findings may not be verifiable independently. The method of data collection also
involves self-reported data in the form of interviews. This technique in itself suffers
from some shortcomings like selective memory and attribution. The nature of ques-
tions in the interviews attempted to eliminate any biased retrieval. The researchers
did not have permission to talk to the teachers and the trainees without prior consent
which hampered the rigour of data collection. Collection of data is limited to a
defined time frame when the researcher was visiting the facility. Video recording
was not permissible due to the number of activities which take place at the centre.
The government enforced lockdown also impeded the progress of primary research.

21.6 Conclusion

The study echoes the relevant literature through its suggestions. A space for individ-
ualswith autism spectrumdisordermust be designed through a user-centric approach.
TheASPECTSS™design index is one such tool that enables designers to create inclu-
sive and sensory-friendly spaces for individuals with autism. The researchers have
applied three most relevant principles, acoustics, compartmentalisation and escape
space in the study. Despite the limitations, the study adds to the pool of knowledge
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in fields such as special needs, human-centred design, autism spectrum disorder
and space design. The proposed ideas are economical and feasible according to the
space available at the institute. Based on data analysis, they afford serviceability and
convenience to the trainees and the teachers at the institute.
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Chapter 22
Ways of Teaching—Simulating Real-Life
Scenarios into Twenty-First Century
Interior Design Education

Amrita Ravimohan

Abstract The dichotomy that exists between the sanitised atmosphere of campuses
versus the messy reality of ‘sites’ often strikes interior design educators and practi-
tioners alike as anomalous. It is imperative for students to better understand real-life
scenarios, but the very nature of interior design sites means that it is difficult to
recreate those conditions on campuses, and hence, the experience is incomplete. All
design schools christen the core courses in which projects are undertaken by their
students as ‘studios’ (similar to what design practices call themselves), but in their
present form these do not allow for several crucial issues to be addressed. While
certain other design disciplines find it easier to simulate these conditions as the
nature of their creations is of a standalone variety, the proposed design of an interior
space is a conception that is rooted and hence dependent on many external factors.
Secondly, if an interior design proposal (or even a mock up) is to be created in three
dimensions for the purposes of demonstration, it requires such a high investment of
resources (time, labour and money) that it becomes unfeasible. This paper aims to
investigate the ways in which students, through their undergraduate interior design
education journey, can learn in a studio environment that accurately reflects the poten-
tial which an ongoing site holds, along with its intrinsic constraints and challenges.
While the wind beneath the students’ wings is the educator who encourages them to
dream, experiment, make mistakes and be free of the commercial shackles that often
dictate design decisions on sites, in order to have a complete education and become
well-rounded designers, today’s design studio must better equip them with a holistic
outlook of the profession, which includes the ability to recognise and acknowledge
practical considerations. This, in the long run, will only improve the employability
and placement prospects of the graduates of tomorrow.
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22.1 Introduction

Students are supposedly being prepared for practice, but they are usually led to think of
themselves as independent designers, which is a rare condition in real life. The larger, team-
oriented form of practice is often poorly understood and sometimes denigrated, although it
is now the dominant and most vital structure in the profession - Caesar Pelli

This paper aims to deal with the transformation of a student into a professional,
using the tools available in Design Education, through the author’s particular lens
of interior design to demonstrate certain concepts and innovations. Design itself is
subjective, so how can one successfully teach it? Therefore, Design Education itself
has many varied approaches, but most educators are in agreement that the current
models leave the student under-equipped as interns, and then further as working
professionals. This paper aims to study the lacunae that exist in the current systems
and then investigate and explore what altered methods can be applied by educators
and imparted to young minds.

22.2 Research Methodology

Themethodology undertaken for the purposes of this research paper is a combination
of primary and secondary research sources. These include

– A student survey (Appendix 22.1).
– Acustomised questionnaire regarding design educationmethods (Appendix 22.2).
– Some observations about the functioning of institutes and offices that are gleaned

through empirical data from the author, as a practitioner of interior design and
design educator since the past 15 years.

– Secondary research that was conducted through an online literature review.

22.3 Academia versus Practice: Understanding How
Interior Design Projects Work

22.3.1 The Design Studio

A typical design studio project given to individual students lasts for a duration of
15–19 weeks. Usually, a group of students is assigned to a faculty mentor/guide, who
gives them feedback on their individual progress on a weekly basis. While research
on the typology is conducted by the students, there is a nominal teaching/instructional
component from the faculty side. Characteristically, the following stages are followed
by the students during the design studio:

– Research on the given typology/stakeholders/users
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– Site study
– Conceptualisation
– Design development
– Design resolution

Final outcomes usually include drawings, sketches, renders, mood boards,
physical models, etc.

22.3.2 The Office

Interior design projects in the office (also known as the practice or the firm) typically
run for a period of 4–6months. Here, themain impetus is towards gettingwork started
on the site. The major chunk of the project time goes towards the ‘execution’ of the
design. After the final drawing sets are explained and handed over to the team of
contractors, there are periodic site visits by the design team to ensure that the designs
are carried out as per the desired specifications and quality control with respect to
materials and workmanship is maintained. This forms a crucial part of the project,
close supervision ensures that timelines and budgetary constraints are met, and the
project is completed to the highest standards.

Therefore, as demonstrated above, because of the stark difference of the working
styles of the academic studio vs. the office studio, when a student or a fresher comes
into the office, it becomes very difficult for her/him to quickly assimilate and change
gears. In addition, every office has its own uniquework culture and subjectiveways of
handling the project, thus minimising the newcomer’s role to an extent that the early
years of their career are often spent unlearning the theoretical knowledge gained in
the institute.

22.4 Gaps in Interior Design Education Today

22.4.1 A Bird’s Eye View

Design is a process. Though the steps that a designer takes may differ from project
to project, it is not merely landing on a solution but building and developing it
through multiple iterations, discussions, feedback, resolution and more. Conversely,
the industry is totally outcome driven, due to budgetary constraints and tight dead-
lines, among other factors, and the students have to make this switch immediately
when they transform into professionals.

In the questionnaire, when quizzing design educators about the gaps in today’s
design education, the question that came up was that what is the role of the institute
towards preparing the students for the industry? Many educators believe that the
years spent by the design students at the undergraduate level should be spent honing
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and developing their higher-order thinking skills, such as conceptualising, ideating
and building a bank of history and theories. While successful courses do impart
these, the lack of practical knowledge is sorely felt when these same students go out
and become job seekers. While the institute needs to clarify that the education the
students receive is related to the field of design, and not practice or job related, this
difference is not clearly illustrated, leading outgoing batches of students to believe
they are equipped as designers as well as practitioners. If that does not turn out to
be the case, they believe that the institute has failed to give them a well-rounded
education.

Further, many practitioners believe that instead of getting an education, if an
aspiring designer was to spend an equivalent amount of time working in the capacity
of an apprentice, then the learnings would be the same, if not more. What then is the
problem with such a system? To quote Gaurish Chandawarkar, senior academician
and mentor for the Centre for Interior Environment and Space Design (IES Institute
for Skill Development)—‘The river which is the profession, has two banks, practice
and academics. One participates with the other. However large the river shall become,
the banks have to bridge this gap and communicate. There should be a healthy
discussion between the practice and academics. Both have to work towards a vision
for the profession. The day we shall bridge the gap, we shall affect the profession
in a positive manner. Till then, challenges such as gaps in theory and practice will
have to borne by the students and young architects’. Academics and practice are not
interchangeable entities, each has its specified role, and current academics is not in
a position to replicate the modes of practice.

22.4.2 Gaps that Come to Light During Internship

A student, who leaves the cocoon of the institute to intern at an office, is often
surprised to learn within a few days that most academic learnings are not helpful
when it comes to practice. The offices on their part throw varied tasks into the
intern’s lap, and what invariably happens is learning on the job, i.e. trial and error,
and in an optimistic scenario, over time one develops a mutually acceptable way of
working that is suitable to the individual, the project and the firm.

However, this lacuna becomes grossly apparent when an interior designer is
expected to act as a manager of contractors, vendors, agencies and liaise with them
as well as clients on a number of issues. Even though an overwhelming 83% of
undergraduate students surveyed believe that developing innovative or path-breaking
designs should be prioritised, as they grapple with these site-related coordination
issues in the real world, they also realise that sticking to the budget and timelines is
given more importance.

The primary issue currently is that firstly, the 2–4 month period of internship does
not accommodate the longer project timelines. Secondly, an intern might join the
office when the assigned project is already underway, resulting in the intern being
put onto sundry tasks without getting an opportunity to engage with many aspects of
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the project. Among the students surveyed, during internships, 89.7% were put onto
drafting or rendering jobs, 79.3% were given an opportunity to go on accompanied
site visits and 48.3%were engaged in follow-up or coordination tasks. The dissonant
or out of sync nature of the internship experience points towards a disengagement of
practice from academia and vice versa.

The concern also lies within the internship structure that most institutes follow.
The internship occurs in a single block somewhere nearing the final year of the
undergraduate course, which does not allow the students to apply their internship
learnings or experience different working cultures of studios. In Design after all,
‘doing is learning’. It is only by constant practice and exposure can students get
better at their chosen vocation. So instead, if academia and practice were more
closely aligned via regular Summer Schools, Design Cells or Design Charrettes that
fostered interaction right from the beginning, not only would the students be better
prepared when they finally went in for internships, but the offices also would be
better receivers of these interns.

22.5 Holistic, Reflective and Designer-Centric:
Transforming the Current Models of Learning
for the Twenty-First Century

From the previous sections, the various hurdles that the students face when they step
out into the real world have been established. No person can transformmagically into
a consummate professional within a singular stint of working, i.e. the internship. The
difference in the aims of the academic learning outcomes taken up by the institute and
themore pragmatic ones learned out on the fieldwhile workingmust be distinguished
right from the start. Arjun Sharma, academician with KRVIA goes so far to say that
institutes should ‘stay away from this false pretence of preparing students for Day
00001 of entering an industry which is so entrenched in history, theory, international
and regional culture, politics, technology and the vicissitudes of daily life.’

There must be opportunities open for the student to be ‘shishyas’ or ‘apprentices’
working with an experienced designer at multiple junctures during the undergraduate
journey. This can be achieved in multiple ways.

Among the students surveyed, only 15.5% were unsure of simultaneously being
involved in course work as well as office projects throughout the academic year.
Thus, it is imperative that academia and industry are not disengaged from each
other with the student being the only link between them. Just as how institutes prefer
getting faculty on board who have on field experience, practices also must encourage
their staff to participate in academia if not through regular teaching, then through
the introduction of collaborative projects on which students can actively participate.
Multiple practices can bring their projects at various stages, and students can be
involved in these stages of design depending on which office has which project at
which stage. According to Rajratna Jadhav, senior academician with the Academy of
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Architecture, Mumbai—‘For this to work, over the years, a large network of offices
will have to be built that are willing to work with various institutes in an integrated
way for the long term. The extent of the network depends on the number of students,
but the network can keep growing accordingly’.

A building has at least two lives – the one imagined by its maker and the life it lives afterward
– and they are never lived the same.—Rem Koolhas

In design schools, students often take up ‘case studies’ where particular buildings
and spaces are studied and analysed. But these case studies are looked at only from
the designer’s point of view leading to a myopic understanding that the spaces are
created as if frozen in time—the singular point just before the keys of the completed
project are handed over to the client, when everything is perfect. Sangeetha Solanki,
senior academician with the Pillai HOCCollege of Architecture, NaviMumbai, tried
a small alternate experiment with a group of students in order to acquaint them with
a project in a real-life office scenario. The students documented the entire design
process from the beginning to the end, which allowed them to understand its various
aspects from the design team and all other stakeholders. Of course, for this one needs
cooperation fromdesign practices but itmust be accepted that it ismutually beneficial
asmost of the time, office deadlines do not allow the staff time to document processes
and analyse processes.

Institutes, traditionally, believe that in order to instil the right design values and
be able to fully explore the potential each given site offers, students must be shielded
from the costing or budgeting aspects that their proposalswould incur.However, there
are ways around this. It should be clarified that project cost is not merely a number;
it encompasses specifications (which material is used where and why), estimation
(forecasting material as well as labour costs) and time frames (certain processes
may be more time consuming than others and consequently more expensive). Two
innovative suggestions for specific courses received from faculties of design must be
mentioned here. Dnyanesh Madgavkar, senior faculty at KRVIA and ISDI, suggests
a plug-in to the primary studio project wherein students would be asked to design a
small project for two budgets, helping them explore materials, and finishes using the
same design concept. Along the same lines, Shreyas More, faculty of interior design
and researcher at ISDI, suggests an elective course that enables the students to account
for all statistical data regarding resources, labour, services, finishes, construction and
maintenance of project materials in one semester followed by a design challenge in
the subsequent semester to apply this knowledge.

When the industry players are constant, active participants within the academic
system, there could be a weekly engagement where the students participate in the
daily proceedings of the office or the design team visits the classroom studio and
both parties equally contribute to the stage of the design process that is ongoing at the
time. In the survey conducted, an overwhelming 84.5% of students believed in the
value of visits to ongoing as well as completed sites. If physical exchanges are not
possible, one can use technology to virtually broadcast ‘events’ such as site visits,
client meetings and discussions with contractors, etc. For some reason, if practices
are unwilling to participate in this process, this can be simulated within the campus
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by the method of role play. Groups of students can assume the role of stakeholders
such as the client, project lead, contractor, vendor, designer and intern, work with a
given situation and ideate on possible mutually acceptable solutions. This can help
in fostering the value of how to work as a team and inculcate the importance of a
professional working environment.

22.6 At the Threshold of New Technology

We are today at the cusp of a technological revolution when it comes to visualising
spatial design. Conventionally, interior design has relied on physical models that
exhibit the spatial qualities of their designs along with the material palette. But
certain key aspects such as natural and artificial lighting, tactility and durability of
materials along with design details are invariably lost. A physical model of 1:50
scale can be effective in this regard but is often not practical as the model becomes
too large in size and expends valuable resources. Currently, one of the most standard
ways of representing a design proposal especially when pitching it to a client is a
series of three-dimensional representations, commonly known as a ‘3D views’ or
‘renders’. While this enables the client to better understand scale, extent of space,
material palette, among other things, at a later stage it also becomes an unachievable
quest to convert that 3D image into reality, thus causing several problems with the
executing team on site as well as clients.

On the other hand, in the last 4–5 years, there have been experiments within the
realm of Augmented Reality (AR) that have demonstrated that it has the potential to
open up new possibilities, and as the technology becomes more readily available and
commonly used, it can be harnessed by academia to encourage students to not only
showcase their ultimate designs but as an intermediate tool for design development,
testing and gauging if their designs have fulfilled the intended studio goals/client
expectations. Among the students surveyed, 94.6% of them believe AR maybe the
way forward to realistically simulate site conditions within the design studio on
campus. Shreyas More, faculty of interior design and researcher at ISDI, offers that
methods such as projections of real-life designs in space, virtually manipulating
models with one touch, modelling in space using hands and sensors and interactive
simulations can help budding designers to better understand their own designs and
gives them an opportunity to upgrade accordingly. Further, Dnyanesh Madgavkar,
senior faculty at KRVIA and ISDI, is more in favour of an industry-academia tie-up
in this aspect too. ‘Practicing faculties/designers could make videos of their projects
for pre-construction, during construction and post-construction and, this basis can
be used for making AR material which could even be interactive. This will enable
students depending on their interest to go in as much detail as they want. However, I
recognise this will involve some major investment. Realistically, over time, if we can
build a resource/library for projects of various typologies (like offices, residential,
restaurants, spas, hospitals, etc.) of simulations for real-life conditions of construc-
tion phase of projects, it could be an effective tool in the integrated studios’. So
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perhaps, this is the way forward with respect to technology—not as a tool for merely
impressing clients and making showy demonstrations of the final outcome, but as
a learning and development method for the student designers themselves at various
crucial stages.

22.7 Conclusion: Integration and Collaboration Leading
to Innovation

This paper began by examining the distinct working methods and timelines within
the institutes’ design studio vs. a design office. Thereafter, gaps which exist within
the interior design education process at a macro- and micro-level were identi-
fied, and their impact on a student’s professional preparedness was analysed. Next,
the student’s experience during the internship period was broken down, and some
possible reasons for certain drawbacks in the systemwere discussed. The last section
of the paper puts forth certain alternate modes of learning for students using an inte-
grative approach that encourages the introduction of a collaborative model between
the industry (the offices) and academia (the institutes).

The potential of positive influence that these transformed methods can have on
graduating students beingmorewell-rounded professionals, aware of the possibilities
and the limitations that each site has to offer can be demonstrated using the analogy
of medical colleges, according to Divya Vijaychandran, senior faculty of interior
design at ISDI. While studying medicine, the period where the student is a resident,
attached to a hospital interning while under the guidance a senior doctor, is built
into the programme. Hence, there is also a clear understanding that the theoretical
education that the institute offers is not a substitute, but a necessary supplement to the
practical knowledge one gains onfield, for example during surgery. Both complement
each other and along with the students, even the experienced doctors recognise the
value of this system and hence are ready to invest time and effort preparing the interns
for a full-fledged dive into the profession. This exchange also opens the possibilities
for innovation such as using path-breaking simulative methodologies to understand
how to perform better which also become learning aids in institutes. If a similar
model is followed by interior design schools, by setting up a system of integration
and collaboration with the industry, which benefits both parties, then we can finally
look towards achieving holistic learning.
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Appendices

Appendix 22.1: Responses to the Survey Circulated Among
Undergraduate Interior Design Students and Fresh
Graduates (58 Responses)

1. You are a:

• Incoming 3rd year student 27.6%
• Incoming 4th year student 46.6%
• Graduating student 20.7%
• Working Professional 5.2%

2. As an intern, what were the tasks assigned to you (tick all that are applicable)

• Drafting 89.7%
• 3D Rendering 43.1%
• Site visits (only with senior designer) 79.3%
• Site supervision (independently) 43.1%
• Follow up/Coordination (on phone or in person) with contractors, vendors,

agencies 48.3%
• Negotiations of budget, bargaining, tendering etc. 20.7%
• Preparing timelines, BOQs, other documentation 36.2%
• Meeting clients 29.3%
• Allied tasks (Photography, Photocopying, Taking Messages) 46.6%
• Sourcing materials 1.7%
• Preparing mood boards 1.7%

3. Which of these tasks did you feel most unequipped for? (Tick all that are
applicable)

• Drafting & 3D Rendering 29.3%
• Site visits & Site supervision 15.5%
• Client Meetings & Follow up with team 15.5%
• Costing, Negotiating, Tendering, Preparing Timelines and BOQs 38%
• Allied Tasks (Plotting, Photocopying, Photography) 6.9%
• Designing Related 3.4%
• No particular problems 13.8%

4. Do you feel that a part time office work and part time course work (college
studios, lectures) would work for you simultaneously?

• Yes 44.8%
• No 15.5%
• Maybe 39.7%
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5. What do you believe is the most important criteria for a project (you can select
multiple criteria)

• Completed within the pre-decided timeline 62.1%
• Completed within the pre-decided budget 74.1%
• Experimental/Innovative design 82.8%
• Bespoke details (hand crafted, customised) 55.2%
• Winning Awards/Getting Published 15.5%
• Fees being paid on time by client to Designer/Contractors/Vendors 51.7%
• Pleasing the user 1.7%
• Keep creative juices flowing 1.7%

6. During your student years, which according to you enables you to learn more?

• Visits to ongoing sites 15.5%
• Visits to completed sites 0%
• Both have Value 84.5%

7. Do you believe a 3D render is the most appropriate way of representing your
design to the client/faculty?

• Yes 43.1%
• No 13.8%
• Maybe 43.1%

8. In the near future, do you believe it would be feasible to use AR/VR to
realistically simulate site conditions within the design studio on campus?

• Yes 50%
• No 3.4%
• Maybe 46.6%

Appendix 22.2: Questionnaire Circulated Among Design
Faculties (18 Respondents)

1. In the field of Interior Design, the gap between theory and practice is something
which is often cited as an issue. This is currently resolved during the early
working years, but how can institutes better prepare graduating students for the
challenges and demands of the workplace?

2. In the present scenario, an intern rarely gets to fully participate in the design
projects due to the discrepancies between the project timelines and internship
period. Do you believe this leads to an incomplete experience? If yes, how can
this be addressed?
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3. Considering the way VR & AR technologies are advancing, how do you think
they can play a role in simulating real life conditions for students in their design
studios?

4. Studios are often kept free from commercial constraints, i.e. we do not ask
students to design within a budget. Is this in your opinion a right approach or
does this leave them under-equipped?

5. Within our design studios do you feel the need to simulate a more realistic
working environment for the students? If yes, what are the methods can we
use/should we use to bring about this change?

Names and Specialisations of Design Faculties from various institutes who
responded to the Questionnaire

1. Mr. Gaurish Chandawarkar—Interior Design and Architecture
2. Ms. Divya Vijaychandran—Interior Design
3. Ms. Elizabeth Jerome—Interior Design
4. Ms. Neha Shah—Interior Design
5. Mr. Shreyas More—Interior Design
6. Mr. Dnyanesh Madgavkar—Interior Design and Architecture
7. Ms. Kimaya Keluskar—Architecture
8. Ms. Sangeetha Solanki—Architecture
9. Mr. Rajratna Jadhav—Architecture
10. Ms. Isha Patel—Communication Design
11. Ms. Prarthana Patil—Design Studies
12. Mr. Mohan Neelakanthan—Fashion Communication and Styling
13. Ms. Solange Suri—Fashion Design
14. Ms. Ritika Karnani—Product Design
15. Mr. Shamit Shrivastav—Product Design
16. Ms. Prachee Velankar—Landscape Design
17. Mr. Arjun Sharma—Landscape Design
18. Mr. Sandeep Menon—Landscape Design
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Chapter 23
Ethnography as a Tool to Study
Indigenous Craft Clusters to Build
Cultural Sensitivity and Inclusivity
Amongst Design Students

Lavina Nimba Bhaskar

Abstract The narrative of traditional Indian craft and traditional textile is woven
tightly with sub-continent’s culture. These indigenous crafts and traditional textiles
in India are clustered in small weaver communities or tucked away in rural artisan
pockets far from the urban settlements. These craft cluster communities make arti-
sanal handmade products for unchanged rural,massy urban and niche luxurymarkets.
Spradley (1979) defines, ethnography as the work of describing a culture from the
native point of view. Ethnography in that sense, in this study, bridges the rural and
urban divide to understand indigenous art, craft and the people in them [20]. This
paper describes ethnographic research methods that are used as a way of studying
different indigenous Indian art and craft forms, and the craft communities who
make these artisanal products. It enlarges how design students co-create and inno-
vate design solutions in the textile and craft sector. And within these inter-cultural
exchanges and interactions, students learn the life lessons of being culturally sensi-
tive. Through an extensive review of existing literature, decade long ethnographic
studies in various craft clusters through out India (conducted in past by the author),
and semi-structured interviews with the students, the study aims to answer the core
questions of the research with an objective of perhaps finding more harmonious and
inclusive societies.

23.1 Introduction

This paper is an ongoing learning of shared experiences with students. It is
10 years of experiencing ethnographic studies with design students. Over these years,
field studies have been conducted through the length and breadth of the country.
From Honavar to Channapatna, Bhuj, Udaipur, Nathdwara, Molela, Jaipur, Ajmer,
Bhilwara, Dharamshala, Barabanki, Peepli, Bhubaneshwar, Norbulingka and many
more. And in all the silent exchanges and loud interactions with new people, places
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and art; we as instructors or mentors have tried to observe, analyse and take notes
of how our students engage in the ethnographic studies from a native point of view.
And how we can tune our ways to construct a learning experience for our student
researcherswhich is culturally sensitive, creative and inclusive. These are the research
questions this paper attempts to answer. Researchmethods adopted towrite this paper
include an extensive review of existing literature, decade long ethnographic field
studies in various craft clusters through out India (conducted in past by the author as
mentioned above) and semi-structured interviews and informal conversations with
the students; before, during and post the craft cluster visits over decade long period.
The study aims to answer the core questions of the research with an objective of
perhaps finding more harmonious and inclusive societies.

23.2 Ethnography Over the Years

Gerhard Friedrich Müller, a professor of history and geography constructed the
concept of Völker-Beschreibung or ethnography, while he was participating in the
Second Kamchatka Expedition (from 1733 to 1743). August Ludwig von Schlözer
and Christoph Wilhelm Jacob Gatterer of the University of Göttingen introduced
the term “ethnography” into the academic discourse in an attempt to reform the
contemporary understanding of world history.

Though Herodotus an Ancient Greek historian who lived in Persia had significant
works on the cultures of various peoples beyond theHellenic realm,which earned him
the title of philobarbarian, and he possibly created the first everworks of ethnography.

Spradley (1979) defines, ethnography as the work of describing a culture from
the native point of view. Ethnographic research seeks to learn from those they are
studying and to understand their perspectives, customs, behaviours and meanings
within the context of their culture. And at the same time suspending judgements,
preconceived notions or stereotypes, and interpretation of behaviour based on their
personal cultures and construct an image of theworld view of new culture. Spradely’s
definition finds its roots inMalinowski’s definition of ethnography, “from the native’s
point of view”. He emphasizes knowing the nature of “local knowledge” and viewing
social life as consisting of negotiated meanings [18].

Communication scholars likeHarris alsoAgar, widely used ethnographic research
and elaborated that the purpose of ethnography is to describe and interpret the shared
and learned patterns of values, behaviours, beliefs and language of a culture-sharing
group. Ethnography is defined as both, a process and an outcome of the research.

Ethnography as a method is a storied, careful and systematic examination of the
reality-generating mechanisms of everyday life. Ethnographic work in communica-
tion studies explain how ordinary methods, practices, performances construct the
ordinary actions used by ordinary people in the accomplishments of creating and
maintaining their identities [15].
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Like anthropology scholars, communication scholars often immerse themselves
and participate in and/or directly observe the particular social group being studied
[1].

Clifford and Marcus [5]. in their book Writing Culture: The Poetics and
Politics of Ethnography described ethnography as postmodern, reflexive, literary,
deconstructive or poststructural in nature [5].

Ethnographic research can range from a realist perspective, in which behaviour is
observed, to a constructivist perspective where understanding is socially constructed
by the researcher and subjects. Research can range from an objectivist account of
fixed, observable behaviours to an interpretive narrative describing “the interplay of
individual agency and social structure”. Critical theorists address “issues of power
within the researcher-researched relationships and the links between knowledge and
power” [5]

An interesting insight into ethnography is when a native carries out the research.
Traditionally, ethnography was a western gaze towards the far “exotic” east, but

now eastern researchers are undertaking ethnographic studies in their own social
environment. According to Dewan [7], a researcher may be a native or not; a native
researcher may find commonalities that connect him or her to the people and other
characteristics that perhaps highlight differences [7].

Ethnography in past has most captured the imagination of researchers in the field
of education. Although ethnographies of schooling have been done by a small group
of anthropologists for some time, the ethnography “movement” began in the field
of education during the late 1960s and early 1970s. The works of various scholars
provided examples of the genre that later educational ethnographers would emulate
[12].

Collaborations between ethnography and conceptual art have evolved in past
decades, drawing on older convergences between anthropology and art practice (Gell
1998). Conceptual artists entered into broadly ethnographic terrains and found inspi-
ration in ethnographicmethods, while social and cultural anthropologists and archae-
ologists pursued experimental methods beyond social scientific realism, gesturing
towards or learning from conceptual art—variously contriving social situations and
observing their unfolding, studying the social by way of material objects and forms,
or emphasizing performative and playful dimensions of fieldwork, seeking poesis
and surprise rather than “data” [20].

Ethnography today is studying from the native point. Understanding their perspec-
tives, customs, behaviours, values, beliefs, language, negotiated meanings, local
knowledge, artefacts, etc. Ethnography is both, a process and an outcome of the
research. It is postmodern, reflexive, literary, deconstructive and poststructural in
nature. Used widely in educating students about cross-cultural phenomena and has
a positive relation to conceptual art and design.

This study further discusses how ethnography can be an important tool to look at
traditional art-craft from a native point. It enlarges how design students co-create and
innovate design solutions.Andwithin these inter-cultural exchanges and interactions,
students learn the life lessons of inclusivity and cultural sensitivity.
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23.3 Ethnographic Methods

Traditionally ethnographers to study a cluster or ethnicity selected the most knowl-
edgeable informant who knows the activities of the community well. And that person
would identify other relevant subjects to gather information from just like snowball
sampling. This process is often effective in revealing common cultural denominators
connected to the topic being studied (Fig. 23.1).

Ethnographers mainly use qualitative methods, though they may also employ
quantitative data. Dewan [7], the researcher is not looking for generalizing the find-
ings; involves investigation of very few cases, maybe just one case, in detail and
involves working with primarily unconstructed data. Emphasis is on exploring social
phenomena rather than testing hypotheses [7].

Van Maanen (1988) describes ethnography as an objective study of the situation
towards the individual being studied. It is third person’s perspective bygetting the data
from the members on the site. Study is uncontaminated by individual predisposition,
political objectives and judgement. Ethnographers will give a detailed report of the
everyday life of the individuals under study. He/she also uses standard categories
for cultural description (e.g. family life, communication network). And produces
the participant’s views through closely edited quotations and has the final word on
how the culture is to be interpreted and presented (Qualitative Inquiry and Research
Design, 93).

In ethnography, the researcher gathers what is available, what is normal, what it is
that people do,what they say and how theywork.Aim is to observe a situationwithout
imposing any deductive structure or framework upon it and to view everything as
strange or unique.

Various methods to study ethnography are personalized, multifactorial, inductive,
dialogic, holistic and reflexive [13].

Fig. 23.1 Depicts a model to describe ethnographic study
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23.3.1 Ethnographic Coursework

Learning researchmethods should be incorporated in the curriculumof design studies
or taught as a specialworkshop/module to design students. Students in class to prepare
for field study must perform ethnographic assignment as a part of the subject—be it
interviewing classmates or observing a chosen subject. Craft cluster studies should
not be limited to research or documentation of traditional craft, but expose students
to societal constructs of livelihood, family and howmarginalized sections (women or
low caste communities) negotiate their identities in various craft clusters. Evolution
of the traditional art-crafts and how it relates to history and extends to contemporary
world should be incorporated in the subject.

23.3.2 Literature Review

Ethnographers turn to search for others to understand different cultures. Patton and
Welsby (1992) and Green (1982) suggest that students need to learn critically when
consulting written material watching for cultural bias, and checking to see how
well this research aligns their own observations. The writing of others can provide
important insights and hypothesis on different culture. Students must learn to judge
the veracity of written records by comparing them to their own interviews with the
cluster they will take in the field. Before going to the field students or in this case
design students must be encouraged to gather already present literature on the craft,
cluster and people in them [18].

23.3.3 Pre-field Visit Talk

A pre-field visit talk orients students how craft cluster studies sits in the course
of Design. From studying research methods as subject to going on craft cluster
visit, co-creating new designs, writing a research paper to likely graduation project.
Next, students are advised to plan their entire visit. Meeting the artisans/family,
documenting the craft, market visits, visiting local museums, scheduling interviews,
capturing film footage and photographs and the importance of keeping a free day in
hand.

Students are briefed on the importance of maintaining a continuous dialogue
with the artisan. From greeting the artisans on the first phone conversation to first
meeting them in person, maintaining an organic relationship throughout the visit,
building relationship with artisans through craft bazar visits in student’s native city,
to colloquium paper visit (second stage of cluster studies), craft-based graduation
project and beyond maybe in entrepreneurial venture or social research. In this entire
engagement its indispensable that the artisan gets fairly paid. When students are
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at the field, they are encouraged to listen to artisan’s concerns, experiencing their
culture with local cuisine, talking to locals, meeting master artists, visiting the local
museum, shopping at local market to understanding native point of view, looking
beyond their own urban life but still gazing at the commonalities in human life.

Students are advised to meet their mentors or instructors everyday in the evening
to discuss their progress and experiences with artisans, any problems they are facing
in the new town, and overall planning of documentation. Though it is important to
note that deliverable planning in terms of co-creating and cluster experience builds
together and perhaps cannot to be planned before hand.

Safety of students especially in small town is a major concern as an instructor /
mentor (specially when we do travel with young girls). Prior to the visit students are
asked to submit details on travel and lodging. In the light of both student’s safety
and being sensitive to cultural norms of the cluster being studied, students or student
researchers are asked not towear clothingwhichmay be offensive to the town’s norm,
keep a humble conduct, respect the environment they will adopt for few weeks, and
not to travel with expensive things.

23.3.4 Interviews

Ethnographic interviews are to understand artisan’s point of view. Leigh and Green
(1989) and then Roswell (1987) suggest there is no hurry to begin defining the
problem; the idea of student designers as a helper is suspended temporarily in
favour of student designers as learner. Listening and understanding artisan’s life
and unique experiences becomes prime. Ethnographic researchers ask global open
questions and are flexible in following conversational interest and direction of the
interviewee. These interviews are semi-structured fluid yet alert on the level where
student designers are taking part in active observation [18].

Students ask questions about—Traditional Craft itself? How artisans got intro-
duced to the craft? How has the craft changed over the years? What is their daily
routine? How is their family structured? Are their children interested in carrying out
the craft traditions? As a community do they let the women of the household practice
the craft? And a possible request to demonstration of craft?

The interview moves between global, open-ended questions and follow up ques-
tions that may represent key cultural issues, conventions, assumptions and collo-
quial (Spradley 1979). Many times artisan belong to a marginalized caste structure
of Indian society. When students are interviewing artisans they are explicitly asked
to address artisans by their profession not by caste [18].
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23.3.5 Observation

Students spend time in the field interviewing artisans at their homes, neighbourhoods,
place of work; actively observing them in their native environment. Food, activities,
communication, patterns, interactions (especially in a shared culture group), rela-
tionships, dress, jewellery, songs and dance (e.g. weaving songs) are observed and
described by students. Ethnographers learn much they wish to know by carefully
watching the members’ movements, facial expressions and posture [4, 18]

Ethnographers often become participants in casual, friendly conversations suggest
Spradley (1979). This observationmethod is participant observation. But at this point
its important to unbiased learners. Students often have difficulty differentiating obser-
vations from inference points Carkhuff [18]. Ethnographers must learn to observe
impartially without assuming the meanings or causes of behaviour [18].

In past, we as instructors have observed that design students not only adopt the
role of a participant observer but sometimes because of the liking to the region, craft,
people, or holistic cultural experience students become accultured and emulate how
natives dress, talk and enjoy the experience of being native. We see a reflection of
this behaviour and extending of self-identity on Insta posts and stories/social media.

23.3.6 Video Ethnography

One of the methods that offers novel opportunities is video ethnography.
Video ethnography is a cinematic approach to recording ethnographic expressions

of lived experiences. This approach provides a new angle on qualitative analysis in
general and enriches conventional ethnographic analysis in particular. The possi-
bility facilitates for continuous replay provided by video ethnography facilitates the
detailed analysis needed to gain a better understanding of the use of tools and tech-
nologies or the display of emotions. It also enables multi-modal analysis, in which
verbal communication can be linked with visual and aural elements. Video ethnog-
raphy is particularly useful if research requires exceptional details on conversational
analysis [14].

The method may also be appropriate for situations where direct participation of
the researcher is forbidden as a cultural norm.Nevertheless, video recordingmay also
bring its challenges, including information overload in the sense that the researcher
may focus toomuch attention on details instead of analysingmore important patterns,
practices or processes [11].

Video ethnography is widely used in women’s studies and documentary making
in past. We as instructors have observed it to be an interesting method to study
craft clusters. Craftsman and woman sometimes are not comfortable with cameras
recording them and may feel shy or apprehensive. Students are advised if it does not
work in first go, then student researchers should try to make the subject comfortable
first. In one instance students handed over their camera to the craftswoman and asked
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her to take student researcher’s photographs and later students did not push to do the
interview the same day but casually spoke to the craftswoman and took the interview
next day, while the camera was on.

Video ethnography as a tool allows for long take or extended sequence, which is
an unbroken shot, recorded over a prolonged duration, which evokes varied aesthetic
experiences comprising of whatever the camera shoots, which creates a submersive
experience for audience. And by crafting this the lived experience into a shareable
form of media, video ethnography creates a form of “vibrant knowledge” [14].

Video ethnographymay be a fairly a newmethod to carry out ethnographic studies,
but students still chose to document the craft, region and people in photographs.

23.4 Craft Within the Socio-Cultural Fabric of India

Furthering the discussion on craft it is important look at the social–cultural fabric in
which the narrative of traditional Indian craft and traditional textile is woven tightly.
These indigenous crafts and traditional textiles in India are clustered in small weaver
communities or tucked away in rural artisan pockets far from the urban settlements.
These craft cluster communities make artisanal handmade products for unchanged
rural, massy urban and niche luxury markets.

Indian crafts are traditional occupations of a particular community but also plays
a vital role in the socio-religious celebration of the region. Traditional crafts are the
knowledge systems, creations, innovations and cultural expressions of people in a
given geographical cluster. They are transmitted to enhance, safeguard and perpetuate
the identity, well-being and rights of the indigenous peoples [16] (Figs. 23.2 and
23.3).

Traditional craft education is transmitted from one generations to other, through
the skill learning—technical substance which is the knowledge of materiality and the
value transmission which is enculturation. From the perspective of the artists who
had learnt the skills from direct ancestors. This then forms a model of art education
construction within society [8].

Crafts are not simply a particular way of making objects, but are inextricably
bound up with the structures, values, history and identity of the communities in
which they are practised.

Indian handicrafts are, historically, part of a generation to generation learning,
passed down along a line of inheritance and the transfer of tacit knowledge. Craft
has multiple meanings, and functions, ranging from personal consumption, to ritual-
ized, and religious significance, and, or economic activity, which has a commercial
outcome. It plays a role in defining regional, national or ethnic identity and culture
[19].

While craft already incorporates a relation to nature, its ability to claim something
durable from mere resource is yet to be properly exploited. Craft also incorporates
a particular mode of production, and a relation to technology that fosters the value
of living labour, as well as itself producing technological instruments to increase
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Fig. 23.2 Depicts design students with the artisans of Norbulingka. Photograph taken on an
ethnographic field trip to Norbulingka

Fig. 23.3 Depicts Thangka artisan with his art. Photograph taken on an ethnographic field trip to
Norbulingka
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Fig. 23.4 Depicts A silver filigree artefacts. Photograph taken on an ethnographic trip to Odisha
to study the craft

the sustainability of practices. In order to be fully realized as sustainment, craft also
must be constituted as a new cultural concept and supported by the (re)formation of
social institutions to more formally support and legitimize newly formed sustainable
practices of fabrication [10]. (Figs. 23.4 and 23.5).

Traditional crafts are evolving and inmany cases perishing because of newmodern
materials. And newer generation of artisan is leaving the profession all together
sometimes because of decreasing economical viability of the craft and sometimes
the charms of working in big city [16].

Modernization and globalization had a major impact on the craft practice, which
involves many stakeholders. Craft interventions act as great initiative in facing
commercialization by developing the new contemporary design based on market
needs [3].

Craft is evolving. Through the past and in present times researchers, designers,
local governments and NGOs alike have redefined features of crafts which helps
to create a possible innovation through the collaboration and exchange between
“craftsman” and “designer” [17].

USTAD project is one such example of co-creation.
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Fig. 23.5 Depicts a family of Oriya filigree artisan. Photograph taken on an ethnographic trip to
Odisha to study the craft

23.5 Co-creating Design Solutions

Clifford and Marcus [5] in their book Writing Culture: The Poetics and Politics of
Ethnography, helped to encourage the development of “collaborative ethnography”.
This exploration of the relationship between writer, audience and subject has become
a central tenet of contemporary ethnographic practice. In certain instances, active
collaboration between the researchers and subjects has helped blend the practice of
collaboration in ethnographic fieldworkwith the process of creating the ethnographic
product resulting from the research [5].

Collaborations between ethnography and conceptual art also evolved in past
decades, drawing on older convergences between anthropology and art practice (Gell
1998). Conceptual artists entered into broadly ethnographic terrains and found inspi-
ration in ethnographicmethods, while social and cultural anthropologists and archae-
ologists pursued experimental methods beyond social scientific realism, gesturing
towards or learning from conceptual art—variously contriving social situations and
observing their unfolding, studying the social by way of material objects and forms,
or emphasizing performative and playful dimensions of fieldwork, seeking poesis
and surprise rather than “data” (Marcus 2010; Pearson 2004; Schneider and Wright
2013; Ssorin-Chaikov 2013) [20].
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Before discussing on co-creating design solutions with artisans, its important to
note that indigenous crafts and traditional textiles in India are clustered in small
weaver communities or tucked away in rural artisan pockets far from the urban
settlements. Craft cluster micro-scale sectors make artisanal handmade products for
unchanged rural, massy urban and niche luxury markets.

Native craftsman and craft-woman are well aware of the likings of their commu-
nity and mostly create artefacts that are religious in nature. Massy urban and niche
luxury market on the other hand is a foreign market with changing needs and prefer-
ences. Mostly to cater to the design aesthetics and urban needs students collaborate
and co-create with the craft clusters to innovate new designs and products keeping it
as close to traditional craft as possible. To site an examples in many cluster artisans
kept making pen stands, which is redundant as products. To them depending on what
craft they do new products are suggested. This kind of design was limited to material
play for making sure livelihood of artisans keeps going, but failed to look at the
native point (Figs. 23.6 and 23.7).

While co-creating with craftsman and craftswoman it is crucial to maintain
livelihood of artisans, incorporate urban needs, understand native point of view,
understanding local issues, local design sensibility, local source resources and
sustainability of a design.

Fig. 23.6 Depicts English learning material for primary schools in illustrative craft of Phad
paintings
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Fig. 23.7 Depicts English learning material for primary schools in illustrative craft of Phad
paintings

An ethnographic research to create English learning material while reviving oral
traditional stories through the illustrative craft of Phad paintings was co-created by
Ms. Nehal Singla, under NIFT Craft Cluster grant of 2019 and Mr. Kalyan Joshi
a Phad Craftsman from Bhilwara. This research looked at a social problems which
local primary schools were facing of in learning English language. The challengewas
to localize English andmake it approachable by using visuals that were native, stories
that were of the soil andwith easy hindi language translations. This waswell received
by primary schools. In a mentor capacity, it was important that the above-mentioned
methods were taught/discussed with her, she was connected to right artisan and local.
Since the perspective is not how urban design students can cash in from indigenous
craft but how we can add value to their cluster and learn to be culturally sensitive.

23.6 Building Cultural Sensitivity and Inclusivity

Ethnography relies greatly on up-close, personal experience. Participation, rather
than just observation, is one of the keys to this process [9].

According to Brewer (2000), a leading social scientist, data collection methods
are meant to capture the “social meanings and ordinary activities”. The goal is to
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collect data in such a way that the researcher imposes a minimal amount of personal
bias in the data.

As much as design students are instructed and conditioned to be unbiased
researchers, a problem that ethnographers face is that of reflexivity. Reflexivity is
not a problem of craft cluster being studied rather, it refers to deepening our under-
standing of ourselves and our position in the world to understand the social reality
of others. When we are able to connect that as researchers we are a part of the bigger
picture we are able to understand reflexive nature of the study of our society.

Historically, scholars likeWilliam-Dorothy Thomas, Merton, Popper, Nagel have
looked at reflexivity as mere predictions. Later viewed as an issue and a solution
to the problem of structure and agency, by Anthony Giddens and Pierre Bourdieu.
Michael Foucault in his book Order of Things, while defining reflexivity says man
is both knowing the subject and the object of his own study. And in that context,
it includes both a subjective process of self-consciousness inquiry and the study of
social behaviour with reference to theories about social relationships.

Within cluster studies and during the pre-field visit talk, students are asked to
maintain continuous dialogue with the artisan. From greeting, the artisans on the
first phone conversation to first meeting them in person, maintaining an organic
relationship throughout the visit, building that relationship with the craftsman or
craft-woman through craft bazar visits in student’s native city, to colloquium paper
visit to artisan’s town (second stage of cluster studies), craft-based graduation project
and beyondmaybe in entrepreneurial venture or social research. In this entire engage-
ment its indispensable that the artisan gets fairly paid. A pre-field visit or pre-cluster
study talk is always a good idea before students head for field study.

Many a times students are in the habit of texting, and they text the artisan that
too in English language. The artisan may or may not be tech savvy to text back and
mostly is unlikely to know read English so even if text is written in roman hindi its
ineffective communication and fails. Students are asked to think from the subjects’
point of view, calling may be the best medium to reach out. Even if it means calling
multiple times before connecting.

When students are at the field they are encouraged to listen to artisan’s concerns,
experiencing their culture with local cuisine, talking to locals, meeting master artists,
visiting the local museum, shopping at local market to understanding native point
of view, looking beyond their own urban life but still gazing at the commonalities
in human life. In past, we as instructors have observed that design students not only
adopt the role of a participant observer but sometimes because of the liking to the
region, craft, people, or holistic cultural experience students become acculturated
and emulate how natives dress, talk and enjoy the experience of being native. We
see a reflection of this behaviour and extending of self identity on Insta posts and
stories/social media.

During the visit, artists invite students to their homes for ameal or tea. This activity
has proven a success to build inclusivity. When a student eats with the subject he or
she is studying, it strikes a human connection. Many students report back to their
mentors or instructors, saying the they were humble, homely and food was very
delicious. This activity extends to women students to engage in talking to wives or
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daughters of the artisans and get the chance of observing the subject closely in the
basic unit of community or extension of self which is their family. Students can also
understand how women negotiate their identities in small towns and villages.

Many students reported that they find it easy to talk to artisan in field study but
when the artist meets them in their social environment they may hesitate to talk
to them at first or may find themselves bound to purchase the products that they
are selling (perhaps in market place), to which mentors responded by encouraging
students to make a warm greeting and expressing shared memories.

Saussure andPierce in their studydescribe how language forma semioticmeaning.
Charles S. Peirce’s viewed language as a vehicle for scientific inquiry, giving equal
emphasis to signification and communication (Charles Peirce 1931–58). The process
of understanding meaning of a word and resultant can vary in different cultures [6].

Many times artisan belongs to a marginalized caste structure of Indian society.
When students are introducing artisans they are explicitly asked to address artisans
by their profession or as artists not by the caste they belong to.

To build cultural sensitivity amongst design students or young researchers, it is
crucial that they drop their bias and preconceived notions and observe a situation
without imposing any deductive structure or framework upon it and to view every-
thing as “strange or unique”. Design students here are both knowing the subject and
the object of their own study. To understand craftsman or craftswoman students need
to view life from their perspective. Like any other human relationship or emotion to
develop cultural sensitivity continuity of relationship is required. Typical social activ-
ities like eating together, or finding commonalities in shared culture are starters for
conversations. And if these conversations are effective and form continuous dialogue
over a period of time, students build sensitivity towards a culture and artisan also no
longer feels marginalized but included.

23.7 Conclusion

Ethnography is not an oriental gaze. (Edward Said 1978) It is to be seen or studied
from the native point. Ethnography is understanding native’s perspectives, customs,
behaviours, values, beliefs, language, negotiated meanings, local knowledge, arte-
facts, etc. Ethnography is both, a process and an outcome of the research. It is post-
modern, reflexive, literary, deconstructive and poststructural in nature. Used widely
in educating students about cross-cultural phenomena and has a positive relation to
conceptual art and design. Through the immersive experiences of instructors and
research mentors with design students an effective way undertaking ethnographic is
suggested which includes ethnographic coursework, literature review, pre-field visit
talk, field visit (observation, interviews and video ethnography), on-visit everyday
experience sharing and co-creating. This study sees co-creation of designs with
designer and artisan collaboration as a way forward to meet the challenges of modern
world.
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To build cultural sensitivity among young researchers, it is crucial that student
researchers drop their bias and preconceived notions and observe a situation without
imposing any deductive structure or framework upon it and to view everything as
“strange or unique”. To understand craftsman or craftswoman students need to view
life from native perspective and engage continuously in a dialogue with the artisan
which cannot only bring the cultural sensitivity but bridge the othering between rural
and urban.
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Chapter 24
Game-Based Learning for the Awareness
of Culture & Tradition: An Exploratory
Case Study on the Indigenous Naga Tribe

Susmita Roy, Pankaj Pratap Singh, and Abhijit Padun

Abstract Game has always been an enjoyable part of human life. Nowadays, gami-
fication technique efficiently relates learners fromvarious domains to their concerned
area of interest. This paper attempts to integrate the ancient culture of the Naga tribe
of North-east India with the digital gamification realm. The Naga culture survived
centuries through oral tradition of tales, myth, customs and beliefs. This traditions
mainly flourished in their dormitories called “Morung”.The advent of modernization
replaced the traditional system with western education, which led to the constriction
of sharing cultural values. Gamification, if designed with indigenous insight, serves
its own outlook and can go far beyond gameplay session. For understanding the
acceptance of the content of the conceptual game, a survey was carried out within a
group of Naga people. Their affinity towards the gaming world enhances the further
possibilities of development of the conceptual game, which may serve as an archive
of their cultural heritage.

24.1 Introduction

Tribal Culture is perceived to be a significant part of human society. Nagaland,
located in the North-east of India, is an abode of fascinating tribal culture and rich
history. The ancient Naga tribes attained the status of self-sufficient and self-reliance
as the community had plenty of reserve forest and land for cultivation [1]. Game
as a learning tool is an age-old concept used by the Nagas for teaching children
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safety, strength, agility, and sportsmanship. The elders of this tribal community were
powerful storytellers of their creation and history. These were the effective means to
carry forward their cultural values to their younger generation.All these customswere
shared in the dormitory called “Morung”. However, with the rise of globalization
and modernization, this traditional youth-centric dormitory system was replaced
with the western schools and colleges [1]. This shift brought drastic changes in
their lifestyle, which is gradually distancing them from their tradition and culture.
The present education system too lacks the concern for cultural conservation. This
paper attempts to put forward a novel approach of spreading awareness among the
new generation towards the necessity of acknowledgement, restoration and revival
of their age-old culture and belief. The proposed conceptual gamification tries to
create an environment where young generation can practice the real-life situations
and challenges in the form of role-play, thereby making decision to safeguard and
restore the lost customs and traditions in a fictional settings.

24.2 Background Study

Nagaland, one among the sister states of north-east India, covers an area of
16,579 km2 located between 25° 6′ and 27° 4′ N latitude and 93° 20′ and 95° 215′
E longitude. Nagaland is the abode of 16 major tribes situated amongst the hills and
high mountains with beautiful landscapes and exquisitely rich flora fauna. The tribes
carry folklore depicting the brave acts of their ancestors and costumes displaying their
ancestral lineage. Before modernization, culture was an indispensable inherent asset
of the Naga tribe. However, with the arrival of western culture and literacy, most of
the natives got inclined towards themodern lifestyle. The historical facts and contem-
porary literature are evident that in the process of chasing modernization, the tribe
may have gradually shifted apart from their traditional culture. Some researchers also
argued that such a drift may contribute to the shunning of traditional customs and
belief. The researcher also believed that presently, only remote areas carry the authen-
ticity of their culture [2]. However, another researcher Horam [3] claims that very
recently, Naga people are making serious efforts to revive their vanishing traditions
and half-forgotten cultural heritage. Celebration of cultural events like the Hornbill
Festival is one such example, but these festivals generally ends up being superficial
and simulated, completely not resembling the earlier times [4].

24.3 Literature Review

A study has been conducted on gamification techniques and gamification framework
based on the following criteria:
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GameVersusGamification According toMarczewski [5], there is a precise distinc-
tion between game and gamification design and its features. Games are created to be
dynamic and engaging mainly through “action, feedback, and emotion” [6]. Gami-
fication is the process of using such elements and mechanics in non-game contexts
[7].

Gamification inEducation Research studies havewidely acknowledged the impact
of gamification elements in stimulating high levels of engagement [8]. Gamification
has explored to increase engagement in the context of several domains. One of the
contexts in which gamification has recently begun to emerge is education. The main
goals of using gamification in education are to increase student motivation, participa-
tion and community building [9] and promote student engagement within the course
[10]. By determining learner’s characteristics, defining learning objectives, creating
education content and activities and finally adding game elements and mechanism
to it, can be an effective strategy for implementing gamification for education.

Game Elements Game elements are the building blocks that craft the game experi-
ence. Different authors have different viewpoints on how a game should be defined
and what elements game should have [11]. Adams et al. [12] categorize game
elements based on the aspects of game definition: challenging goals (challenges and
goals); play (interactive activities, feedback, competition and collaboration); rules
(core mechanics, levels, balance, luck and four risk); and pretended reality (game
world, characters, game aesthetics and story). Werbach and Hunter [13] divided
game elements into three levels: components—lower-level elements (achievements,
avatars, badges, big boss, combat, leader board, levels, points, quests, teams and
more);mechanics—rules that use lower-level elements (challenges, chance, competi-
tion, collaboration, feedback, resources, reward and turns); and dynamics—concepts
that shape the game (constrains, emotions, narrative, progression and relationships).
Deterding and associate [7] categorized game elements by game design levels: inter-
face patterns (e.g. badges, leader board and levels); game mechanics (e.g. time
constraints, limited resources and turns); game heuristics (e.g. constant play, clear
goals and game stiles); game models (e.g. challenges, fantasy and curiosity); and
game design methods (e.g. testing, play centric design and participatory design).
Different authors list the same game elements, but they categorize them differently.

Connecting Motivation and Engagement in Gamification Many studies has
revealed that learner’s level of engagement increases when game elements are intro-
duced to any domain of interest. Motivation is another key factor to take into consid-
eration when designing a gamification. The Self Determination or the Theory of
Motivation Technique proposed by Edward Deci and Richard Ryan presents three
basic needs of humans: Relatedness—the desire to socially and emotionally connect
to others, Autonomy—the need for freedom, and Competence—desire to be good at
something.

Study of Various Gamification Design Frameworks Di Tomasso’s framework for
successful gamification is based on the self-determination theory which involves
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the following steps based on player differences and social influences: the reason to
gamify, identify players’ profiles andmotivational drivers, set upgoals andobjectives,
describe skills, track and measure, define interest, desired outcomes (feedback and
the epic win) play-test, and polish. RAMP is another framework used in gamification
design based on the self-determination theory. Furthermore,Yu-kaiChoua proposed a
Complete Gamification Framework called Octalysis. His framework places the most
emphasis on human motivation resulting in a human-focused design approach to get
the job done quickly. The approach is based on an octagon shape with eight-core
drives, viz. epic meaning and calling, development and accomplishment, creativity
and feedback, ownership and possession, social influence and relatedness, scarcity
and impatience, unpredictability and curiosity and loss and avoidance. All these
frameworks served their purpose of integrating non-gaming context with gaming
elements, explored to increase engagement and motivation of learners in the context
of several domains.

24.4 Methodology

A content-based gamification technique with a well-structured approach is proposed
to demonstrate the intended player-centric gamification design framework. The
methodology is an integration of non-gaming context of Naga culture with game
thinking approach. The diagram given below describes the framework in five phases,
viz.Define, Analyse, Plan, Design and Validate. The sub-category under each section
is stated below with a brief description of each (Fig. 24.1).

24.4.1 Define

Based on the background study, it can be assumed that it is high time for the new
generation of the Naga tribe to understand, acknowledge and preserve their cultural
heritage before it goes to oblivion. To bridge the gap, a probable solution in the
form of a gamification design framework can be conceptualized which would render
real-world challenge of restoring the culture in a fictional setting through gameplay.
The target users of the game are mainly the students aged between 13 and 16 years
of Nagaland and other parts of North-East.

24.4.2 Analyse

The literature review unlocks the possibility of exploring the gamification technique
with a new aspect of non-gaming context of tribal cultural heritage. The case studies
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Fig. 24.1 Flowchart representation of the methodology

of different gamification framework further open up the prospect of proposing new
methodology to conceptualize a gamification framework to address the integration
of this possibility.

24.4.3 Plan

The overall planning of the gamification system is summarized with the following
objectives: (1)Designing agamification system that attract and educates younggener-
ation of Naga tribe, (2) Target player type as “Receiver and Explorer”, (3) Use of
motivation technique both intrinsic and extrinsic and (4) Use of game elements like
Motivation, Behaviour, Emotion, Goal and Mechanics.

24.4.4 Design

The gamification framework design emphasizes upon the player’s journey depicting
its interaction with the five core drive game elements, viz. Motivation, mechanics,
behaviour, emotion and goal (Fig. 24.2).
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Fig. 24.2 Gamification design framework

(1) Motivation The motivation technique in the gamification framework reflects a
well-balanced approach of intrinsic and extrinsic motivation techniques which are
as follows:

• Mystery and Discovery: The gamification puts the player in the role-play of a
saviour of “The Lost Legend Valley”. The player must find clues to reveal the
story and solve the puzzles to restore the lost valley.

• Autonomy and Choice: The player has the full control over choosing the avatars
with customized tribal attires and accessories. The player can also navigate using
the geographical map of the region.

• Purpose and Belonging: While embarking on quest and accepting challenges,
players get engaged in the storyline. The quests and challenge gives the player a
sense of direction or a purpose in the gamified environment.

• Achievement, Rewards and Badges: The progress of the player as learner is
represented by earning titles, progress marker, tattoo inking on body, hall of fame,
mission trees, collections of skulls, points and unlocking of higher levels, etc.

(2) Mechanics The game mechanics is structured in the following way:

• Conflict: Antagonist, the demons, in the gameplay challenges and creates every
possible obstacle and tension for the player to overcome which makes the
gamification very interesting and challenging.

• Strategy and Chance: The gradual difficulty in progressing the levels and
obstacle course that the players encounter within the game can be centred on
chance while the solution that they come up with involves the element of strategy.

• Storyline: The Story basically revolves around a fictional place called “The lost
legend Valley” which is under the spell and control of demonic power. The player
serves as the only hope of the people for their rescue and for restoration of their
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Fig. 24.3 Visuals of the “The Legend Valley” before and after the demonic attack

cultural assets. The story deliberately tries to portray the glimpse of the real-world
concern to redeem the cultural heritage of Naga tribe (Fig. 24.3).

• Aesthetics: The aesthetic appeal of the gamification environment and the char-
acters tries to capture the tribal essence of the Naga culture. The background of
the gamification also tries to depict the scenic beauty of the bio-diverse region
(Figs. 24.4, 24.5, 24.6 and 24.7).

• Clear Feedback: The instant feedback system in the gamification generates the
gradual flow of the events and gives information to the player how far the player
is from achieving the goal.

(3) Goals The goals includes long term, midterm and short term. Restoration of
the cultural heritage and reconstruction of the traditional culture centric dormitory
“Morung” and earning “The title of Legend” is the long-term goal. Rescuing the
hallucinated local tribe hostages from the trap of demons is the midterm goal. Quest
for Wisdom, Quest for Potion, Demon Headhunting, Earning Tattoo, Points and
Badges are the short-term goals.

(4) Emotion Surprises during the quests, curiosity to solve the puzzles and thrill
while unfolding the backstory serve the good factors for motivation and develop
various positive emotions.

(5) Behaviour The problem-solving ability during the quest or the combat between
the player and demons improves the cognitive skill and decision-making ability and
keeps the player engaged in the gameplay. Multiplayer feature of the game allows
collaboration which enhances loyalty and develops the team work spirit.

24.5 Evaluation

To evaluate the acceptance of the conceptual gamification, a survey was carried out
within a group of 40 Naga people which included both youngsters and adults. They
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Fig. 24.4 Game icon

Fig. 24.5 Welcome screen

Fig. 24.6 Home screen
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Fig. 24.7 Avatar selection

were asked to share their experience of playing the demo version of the game and
render their respective views on the overall impact of the gamification.

24.5.1 User Survey

The survey was carried out in two phases—questionnaire followed by one-to-one
interview session. The questionnaire was based on three responses, viz. “Like”,
“Dislike” and “Not sure” with keen focus on the following five criteria—(1) The
concept idea of the gamification (2) Region-specific information sharing capability
(3) Motivational factor 4) Authenticity of the content of the game with Naga culture
(4) Visual appeal and Fun factor. The Naga people who had actively participated in
the questionnaire session were called for the one-to-one interview session to furnish
their valuable comments and suggestions.

24.5.2 Result and Analysis

In the given table (refer Table 24.1), column 2 represents the description of evaluation
criteria, column 3, 4 and 5 exhibit the three parameters on which the responses of
people were furnished. Some of the valuable comments and suggestion of the inter-
view session of the Naga people were included in column 6 (refer Table 24.1).With
reference to Table 24.1, it can be observed that majority of the Naga people gave
positive response to the criteria they have been given for judgement. The positive
reaction (refer Fig. 24.8) on each parameter lays the foundation for justification
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Table 24.1 Evaluation of gamification based on responses and feedback of 40 Naga people

Sl. No. Description of the
criteria

Like Dislike Not sure Comments and suggestions

1 The concept of the
gamification

28 10 2 Innovative concept
Very interesting
Amazing idea

2 Information sharing
capability

24 8 8 Well executed but needs more
focus on facts and information

3 Motivational factor 28 6 6 Appreciable
Effective and engaging

4 Authenticity of the
content

24 8 8 Interesting storyline
Requires a little more
exploration of content

5 Visual appeal and
Fun factor

34 3 3 Interesting with lots of amazing
fun elements

Fig. 24.8 Graphical representation of the responses of the survey in percentage

that the gamification technique was implemented in the right direction, and has the
potential to embrace boundless benefit for the learners.

Hence, it can be perceived that the gamification technique gives a positive implica-
tion on creating cultural awareness among childrenwith a high possibility in uplifting
their motivation and inclination towards their cultural heritage.
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24.5.3 Further Modification and the Final Outcome

Based on the interaction session and feedback, rectifications were made in some
key areas for more clear and prompt vision. The positive response also created the
possibilities of further development of the game in near future.

24.6 Discussion

This paper describes the gamification design methodology and its implementation
for creating awareness among young generations of Naga tribe with their ancient
culture. Gamification if used effectively can be a powerful educational tool with
promising futuristic trend capable of communicating complex subject matters in a
very efficient way. Furthermore, using gamification as a cultural awareness tool can
be a promising approach inmotivating the least interested present generation towards
their ancient cultural heritage.

24.7 Conclusion

Based on the positive response, it can be concluded that the experimental gamifica-
tion has achieved its foremost goal of connecting learners with their cultural roots.
The appreciation and acceptance of the concept have opened a new dimension for
gamification, as a new learning tool of culture heritage. The experiment may also
open up a new approach for digital preservation of tribal cultural heritage. Culture and
traditions are an integral part of human life, and while moving forward in the journey
of acquiring development and modern pleasure, it is very essential to acknowledge,
value and preserve the age-old customs and belief.

Reference

1. Nshoga, A.: Traditional Naga Village System and Its Transformation. Published by Shipra
Publications (2009)

2. Aglaja, S., Van Ham, P.: The Hidden World of the Naga: Living Traditions in Northeast India
and Burma. Published by Prestel Publishing (2003)

3. Horam, M. (1992). Social and Cultural Life of Nagas. Low Price Publications, 425 Nimri
Ashok Vihar Phase-IV, Delhi 110052 (2003)

4. Oppitz, M., Kaiser, T., von Stockhausen, A., Wettstein, M.: Naga Identities: Changing Local
Cultures in the Northeast of India. : Snoeck Publishers, Gent (2008)

5. Marczewski, A.: What’s the difference between Gamification and Serious Games? https://
www.gamasutra.com/blogs/AndrzejMarczewski/20130311/188218/Whats_the_difference_b
etween_Gamification_and_Serious_Games.php. Accessed 10 Jan 2020 (2013)

https://www.gamasutra.com/blogs/AndrzejMarczewski/20130311/188218/Whats_the_difference_between_Gamification_and_Serious_Games.php


304 S. Roy et al.

6. Werbach, K., Hunter, D.: For the win: How game thinking can revolutionize your business.
https://fliphtml5.com/ndhs/wtqf/basic. Accessed 05 Jan 2020 (2012)

7. Deterding, S., Dixon, D., Khaled, R., Nacke, L.: From game design elements to gameful-
ness: defining gamification. In: Proceedings of the 15th International Academic Mind Trek
Conference on Envisioning Future Media Environments (2011)

8. J. Hamari, J., Koivisto, Sarsa, H.: Does gamification work?—A literature review of empirical
studies on gamification. In: International Conference on System Sciences. IEEE (2014)

9. Moccozet, L., Tardy, C., Opprecht, W., Léonard, M.: Gamification-based assessment of group
work. In Interactive collaborative learning (ICL). In: 2013 International Conference on IEEE
(2013)

10. Denny, P.: The effect of virtual achievements on student engagement. In: Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems. ACM (2013)

11. Salen, K.,. Zimmerman, E.: Rules of Play: Fundamentals of Game Design. MIT Press
Cambridge (2003)

12. Adams, W.K., Reid, S., LeMaster, R., McKagan, S.B., Perkins, K.K., Dubson, M., Wieman,
C.E.: A study of educational simulations part I—Engagement and learning. J. Interact. Learn.
Res. (2008)

13. Werbach, K., Hunter, D.: For the win: How game thinking can revolutionize your business
(2012)

https://fliphtml5.com/ndhs/wtqf/basic


Chapter 25
THINK Lab: An Initiative to Foster
Creative and Critical Thinking Amongst
First Year Design Students

Prachi Mittal

Abstract Synonymous with imagination and reasoning, creative and critical
thinking used together increases the possibility of desirable outcomes in situations
requiring problem-solving which is a prime function of design. Teaching creativity
and criticality appears to be an inevitable task in design education. However, it is
often assumed that learners will gain these thinking skills tacitly as a by-product
of certain course content delivery that focuses on conceptual or factual knowledge
and technical skill development, for the creative disciplines. This paper examines
the effectiveness of “Think Lab”, a domain-specific, experimental learning module,
that aims to develop the creative and critical thinking potential of foundation (first)
year undergraduate students of design. Drawing from the work of creativity experts
Edward De Bono and Michael Michalko, amongst a few others, Think Lab equips
studentswith formal tools, techniques and strategies for creative and critical thinking.
It takes a constructivist approach to learning-teaching, strategically combining the
tenets of experiential learning theory and collaborative learning. Primary data has
been collected from three batches of students who attended Think Lab, to investigate
the appropriateness of the content (what is taught) as well as the effectiveness of the
learning-teaching methodology (how it is taught), in context of their future design
learning and practice.

25.1 Introduction

The P21 model lists creativity and critical thinking amongst the twelve “twenty-first
century skills” that students need to succeed during today’s information age [1].
Creativity can be defined as the ability to transcend traditional ways of thinking or
doing, to generate ideas, methods or possibilities that may be useful in solving prob-
lems [2].Critical thinking is the logical, sequential and disciplined process of ratio-
nalising, analysing, evaluating and interpreting information to make informed judge-
ments and/or decisions. Synonymous with imagination and reasoning, creative and
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critical thinking together increases the possibility of desirable outcomes in situations
requiring problem-solving.

One of the unique abilities of design professionals is their capability to seamlessly
navigate between creative and critical thinking, to create innovative solutions for
problems not encountered earlier, and respond effectively to the demands of multiple
stakeholders. Teaching creativity and criticality appears to be an inevitable task in
design education. The 2007 conference “The student experience in art, design and
media education: the drivers for change” posed the uneasy question of whether
the tried and tested twentieth century curricular structures (of creative disciplines)
are still effective in the twenty-first century?” [3] The world has undergone drastic
restructuring from the industrial and post-industrial service economy of the twentieth
century, to the age of knowledge economy in the twenty-first century, that is marked
by upheavals in technological innovations, and new products and processes coming
out of research labs [4]. These shifting paradigms are pressing us to relook at curricula
and teaching practices, to forge the development of creative and critical thinking
abilities of our students, for “innovation, adaptability and survival” in an increasingly
unpredictable and rapidly changing world [5].

This paper is an outcome of an academic initiative titled “Think Lab”. The main
objective was to develop and test a domain-specific learning module, that uses
evidence-informed approaches from research in pedagogy, to bring a change to the
creative potential of design students. This initiative operates on two premises–The
first is that within design curricula the development of creative and critical thinking
is usually implicit to other learnings [5]. The second is that “thinking skills are teach-
able and learnable”, and creativity and criticality is a skill that can be developed and
a process that can be managed [6].

25.2 Background

For decades, design curricula have been including several opportunities for creative
and critical thinking skills to be developed through practical learning [7]. However,
it is often assumed that learners will gain creative and critical skills tacitly, as a
by-product of certain course content delivery that focuses on conceptual or factual
knowledge and technical skill development for the respective creative discipline
[5]. Like most design educators, I have often encountered students struggling with
creative idea generation. Some believe that they have maxed their potential, some
are satisfied with their current efforts, and some others feel “stuck”–wanting to do
more but not knowing how to. While teaching first year students, their lack of any
prior knowledge or experience of the creative process, adds to this challenge. There
is a need to find ways of helping students realise their creative potential to the full
and get back their creative confidence [8].

To meet this need, Think Lab was introduced as an academic experiment to the
students in their first year of undergraduate design education, to equip them with
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formal tools, techniques and strategies for creative and critical thinking, that would
benefit their future design learning and practice.

25.3 Objective of the Study

This study examines the effectiveness of “Think Lab”, taught in the first (Foundation)
year of study, in fostering creative and critical thinking skills amongst design students,
and the impact of the same on their future design learning and practice.

The study focuses on two dimensions–the appropriateness of the content (what is
taught) as well as the effectiveness of the learning–teaching methodology (how it is
taught).

25.4 Research Methodology

A deductive research approach was applied to explore the effectiveness of the taught
content aswell as the learning–teachingmethodology of ThinkLab, through a survey.

The experiment started with a review of work done by creativity experts such as
Edward De Bono, Michael Michalko, Sir John Hegarty, Tom and David Kelly, to
name a few, to understand the mechanics of creative and critical thinking, as well
as discover ways by which students could develop their potential for creative and
critical thinking. After some initial research and exploration, teaching plans were
developed to test some of the emerging ideas. These were introduced as part of the
academic delivery of first year curriculum of undergraduate courses in design, as a
module titled “Think Lab”.

Think Lab was first implemented in 2017/18 with six weekly sessions of three
hours each. The first year was essentially exploratory; and the format and struc-
ture gradually evolved. In the following Academic Year (2018/19), a more method-
ical approach was taken to plan the structure and content for Think Lab, drawing
from evidence-informed approaches to learning-teaching drawing from the existing
research in pedagogical practices and learning theories. This year, Think Lab was
conducted as a series of nine full-day weekly sessions of six hours each. By the
third year, the model was viable for scaling-up; in 2019/20 Think Lab was also
implemented independently by colleagues using the plans developed previously.

Instrument for Data Collection
Online survey using both open-ended, descriptive questions and close-ended, scaled
questions has been used to collect primary data.
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25.4.1 Sampling

The sample unit includes students in second, third and fourth year of study of
B.A. (Hons.) Fashion Design, Communication Design, and Interior Architecture
& Design, at the Indian Institute of Art & Design (IIAD), New Delhi, who attended
Think Lab in their first year of study (See Table 25.1).

Methods of Data Analysis

• The quantitative data collected has been analysed using the percentage method.
• To analyse and interpret the qualitative data, recurring keywords were coded and

categorised based on their inferred meaning.
• The findings of qualitative and qualitative data were then correlated to arrive at

insights.

Limitations of the Study

• The results published here are limited to the views of the sample unit used for the
study, i.e. undergraduate students of Indian Institute of Art & Design (IIAD).

• This study does not take into consideration the emotive and psychological aspects,
or the dimensions of the learning environment, that may have contributed to the
success, or the lack of it, of Think Lab, or as part of the outcome resulting from
Think Lab.

• Data collection, interpretation and analysis are limited by the variance in inter-
pretation of the questions and terminology used by the respondents, and the level
of details covered in their responses as possible via online survey.

Table 25.1 Details of Sampling Unit for the Study

Batch Year of
study at the
time of
responding
to survey

Total sample size (No.) Total No. of
responses
received

Viable responses

Students
who
attended
Think Lab in
first year

Students
enrolled at
time of
surveya

No. % of total
students
who
attended
(%)

2017–21 Fourth Year 104 69 17 16 15

2018–22 Third Year 115 102 33 33 29

2019–23 Second Year 113 113 54 53 47

Total 332 284 104 102 31
aSome students have subsequently withdrawn enrolment from IIAD
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25.5 Think Lab

25.5.1 Overview

In 2017/18, Think Lab was introduced in the course delivery of the Foundation
(first) year of a four-year undergraduate design program at IIAD, as an academic
experiment to scaffold the learning of creative design development process. Over
the past three academic years, it has evolved to become integral to the Foundation
curriculum, equipping students with thinking tools and techniques, and developing
their creative and critical thinking potential. The prime objective of Think Lab is to
make students more fluent and flexible in their thinking and help them get over their
inhibition of thinking to increase their creative confidence [8]. Additionally, Think
Lab also aims to build contextual professional skills of team-working, presentation
and communication.

Think Lab takes a constructivist approach to learning-teaching, strategically
combining the tenets of experiential learning theory [9] and collaborative learning
[10].As per constructivism, knowledge cannot be simply transmitted; in fact, learners
actively construct knowledge in their ownminds through the transformation of expe-
rience. Therefore, teaching plans must provide learners with experiences that aid
acquisition of abstract concepts and encourage active construction of knowledge
[11].

25.5.2 Schedule

Think Lab is conducted as a series of 09 to 12, full day (6 h), weekly sessions,
starting from the first week of foundation (first) year. While maintaining a 20:1-25:1
student–teacher ratio, sessions are scheduled for a learning group of 40-50 students,
to allow for sufficient variety of ideas and approaches to be explored during the
session. Students work in teams of 4-5 members, on a well-defined problem-based
task, which introduces them to a specific thinking strategy, technique or tool. A strict
time schedule is followed to ensure that all teams work efficiently and reach the
intended conclusion.

25.5.3 Content

Existing research and work by creativity experts on strategies, tools and techniques
for creative and critical thinking has informed the content for Think Lab sessions.
I have taken reference from the seminal work of Edward De Bono, a brain training
pioneer and creativity thinking expert who gave birth to the term “lateral thinking”,
and the ingenious thinking techniques put together by creativity expert Michael
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Michalko in his bestseller book ThinkerToys. By assimilating the review of existing
research in this field, I identified some aspects of the creative and critical thinking
process; these would form the intended learning objectives for Think Lab [12–15]:

• Develop an ability to shift one’s point of view and look at a situation using different
frames of references, to find alternative approaches and meanings.

• Polish powers of observation and ability tomake connections and draw inferences.
• Learn to break down an idea into smaller pieces and discover interconnections.
• Enhance ability to recognise opportunities and challenge assumptions.
• Practice connecting and combining ideas, including those that seem unconnected.
• Make generating lots of ideas a second nature and inculcate the habit of continuing

to dig—not be content with the first few ideas or solutions.
• Train oneself to defer judgements.
• Identify parameters and criteria to base decisions and judgments.

Next, I devised problem-based tasks, with each of them focusing on one of the
above listed aspect of creative and critical thinking. Some tasks introduce students
to formal thinking tools, while others familiarise them with an approach or strategy.
Tasks are based on diverse themes such as visual, social and cultural, so that students
can easily connect them to their own everyday experiences. While crafting these
problem-based tasks I kept inmind their relevance to other aspects of design learning,
students’ proficiency level, session schedule and time available, and that the tasks
were conducive for collaborative working and the studio environment. The tasks
were kept open-ended, making room for multiple ways of approaching them, and
multiple outcomes.

The list of tools and techniques that have been introduced through Think
Lab include: Altering Perception, Altering Perspectives, Challenging Assumptions,
Joining the Dots, Slice & Dice, Six Thinking Hats, Thinking Bubbles, Impossible
Hybrid, Brute Thinking, Idea Box, Circle of Opportunities, Cross-Breeding, Free
Association and SCAMPER [12–15]. The idea was to not provide these tools and
techniques as point solutions, but to help students understand the underlying princi-
ples of creative and critical thinking, thereby giving them ways to flex their brains,
allow ideas to flow more fluently and provide a framework that could direct their
thinking during design projects.

25.5.4 Structure and Learning–Teaching Methodology

Learning–teaching inThinkLab rests on the bedrock of Experiential Learning theory,
proposed by Kolb, wherein experiences are transformed into meaningful learning,
that can be applied flexibly in a range of situations in the future [16]. Through system-
atically planned progressive activities, every Think Lab session takes the students
through the four stages of experiential learning cycle (see Fig. 25.1)—Immediate or
concrete experiences (working on a task/doing) form the basis for observations and
reflections. These reflective observations are assimilated and distilled into abstract
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Fig. 25.1 Experiential learning cycle by David Kolb [9]

concepts from which new implications can be drawn. These implications serve as
guides for future action, i.e. to create new experiences, wherein the acquired concepts
are actively tested through active experimentation [17].

Every Think Lab session starts with a simple warm-up exercise that broadly uses
the same approach or technique to be introduced through that day’s session. This
culminates with a quick, guided group discussion to reflect on the current experience
and use the acquired understanding as a base for working on the main activity. As
students work together in teams to tackle the assigned problem, tutors intermingle
with them unobtrusively, supporting them through brief interactions and helpful
cues. Students learn by observing how others work, by discussing, explaining and
defending their ideas to others, and by analysing different points of view [18]. To
facilitate this, session plans incorporate opportunities for students to review each
other’s work-in-progress as well as the finished outcome.

Think Lab builds-in several opportunities for deliberate reflection. Students
explore what happened, search for turning points, make connections, analyse actions
and their implications, as well as identify their strengths and areas for improvement.
At the end of every session, students look back on the day’s journey; they reflect in
small groups and share their observations with the larger group. Finally, they assimi-
late their personal reflections in a journal using cues such as: What happened? What
succeeded and failed? Why did it happen? What are the implications? What could
have been done differently? Now what? This helps in theorising about the experi-
ence, making it available for future application [9]. To strengthen the learning from
each session, students get a follow-up Home Task to give them a chance for testing
the concepts they may have acquired [9].
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In this way, Think Lab includes multiple opportunities to experientially try, test,
practice, and modify the learnt tools and techniques, thereby improving the chance
of storing mental structures of the learnt concepts in long-term memory, for future
application [16].

Collaborative learning forms one of the cornerstones of Think Lab. Research
shows that structured teamwork increases problem-solving abilities as participants
learn to generate a variety of strategies to solve the problem, exchange information
and insights, and build strong cognitive connections [19, 20]. However, collaborative
learning goes beyond “simply telling students to get into groups and work”. Think
Lab has an “intentional structure” in the form of activities that steer students to
equitably “co-labor” towards attainment of the intended outcomes [20]. It involves
formal opportunities of peer interactions to discuss, debate, exchange ideas and to
review each other’s work. To broaden the perspectives, students are pushed to break
out of their comfort zones to work with a diverse group including those with varying
abilities.

Another cornerstone of Think Lab is the tactical use of scaffolding. Bruner,
who proposed the concept of scaffolding in education, describes it as a form of
active support that is provided by the “more knowledgeable other”, i.e. tutor in this
case, while students learn new skills and concepts [21]. Think Lab makes use of
worksheets for analytical reasoning and information organisation, visual examples,
pictorial representation of concepts, warm-up exercises, as well as cue cards for
discussions and reflections, to support students as they grapple with new approaches
and ideas. They work much like the scaffolding used in architecture to support the
ongoing construction of a building. They also help tomanage the cognitive load of the
student, and primes them to succeed in the task, thereby keeping up their motivation
and engagement.

The strategic combination of collaborative leaningwhere peers help each other to
learn, and scaffoldingwhere tutor provides active support for learning, allow students
“to solve a task or achieve a goal that would be beyond his unassisted efforts” [22].
Working through experiential learning cycle helps students in recognising links
between the pieces of a concept, enabling them to manipulate and apply the learning
to a variety of situations and contexts, in future [9].

25.6 Data Presentation and Analysis

Survey results show that 72.5% of respondents have found Think Lab sessions “very
helpful” and 25.5% find it “somewhat helpful” for their future learning and practice
(see Table 25.2). This is further substantiated by the number of respondents who
report to have continued to the tools, techniques and approaches learnt during Think
Lab, in project work during their subsequent years of study (See Table 25.3).

As the data in Table 25.3 suggests, a larger group of respondents reported to
using the underlying principle/s of the learnt tools and techniques in subsequent
projects, in comparison with those who reported direct use of the taught tools and
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Table 25.2 Role of Think Lab in future design learning and practice

Rating (Batch —>) 2017–21 (%) 2018–22 (%) 2019–23 (%) Total

Very helpful 62.5 69.7 77.4 72.5

Somewhat helpful 31.3 27.3 22.6 25.5

Not helpful at all 6.3 3.0 0.0 2.0

Table 25.3 Continuing use of techniques and approaches learnt in Think Lab, in subsequent years

Frequency (Batch —>) 2017–21 (%) 2018–22 (%) 2019–23 (%) Total

Often (directly) 25.0 33.3 32.1 31.4

Sometimes (directly) 25.0 15.2 24.5 21.6

Often use their basic principle/s 50.0 45.5 39.6 43.1

Sometimes use their basic principle/s 0.0 6.1 3.8 3.9

techniques. As per SOLO Taxonomy by Biggs, which describes levels of student’s
learning, this implies that learning has advanced to the relational level (integrated
different aspects of the concept into a coherent whole) and/or the extended abstract
level (understanding extends beyond what has been taught to generalise the whole
to as yet untaught application) [23].

25.6.1 Learnings Acquired Through Think Lab

A detailed inquiry, correlation quantitative data (see Table 25.4) and qualitative data
collected provides an insight into the significant learnings experienced by students.

Note: From this point onwards, quotes and key phrases used by students in their
responses to the survey are indicated as italicised text.

25.6.2 Creative and Critical Thinking Skills

Data presented inTable 25.4 (seeRow1–6) evidences that respondents have generally
found Think Lab sessions to be effective in enhancing their creative and critical
thinking. Further, 65 students cite at least one of the following aspects of thinking
as a significant learning from Think Lab:

• Ability to explore and experiment with many ideas using strategies, tools and
techniques, and “realising the importance of not being restricted by one idea”.

• Ability to “organise information and thoughts”.
• Ability to assess idea, approaches and outcomes, and use this assessment to “work

out the way forward” (critical thinking).
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Table 25.4 Effectiveness of Think Lab in imparting specific learnings

Learning gained via
Think Lab

Very effective (%) Somewhat effective
(%)

Not really effective
(%)

a

1. Creative thinking
skills

65.7 34.3 0.0 0.0

2. Ways for rapid
ideation

52.9 41.2 5.9 0.0

3. Tools and
techniques to
support creative
design development

60.8 38.2 1.0 0.0

4. Critical thinking
skills

59.8 37.3 2.9 0.0

5. Ways to make
sound judgement

48.0 47.1 3.9 1.0

6. Critically evaluation 49.0 46.1 4.9 0.0

7. Work
collaboratively in a
team

68.7 30.4 1.0 0.0

8. Presentation and
communication
skills

68.7 28.4 2.0 1.0

9. Understand own
creative process

54.9 41.2 3.9 0.0

10. Ability to analyze
an experience in
order to draw
learning from it

52.9 43.1 3.9 0.0

aDon’t understand question
Row 1–6: Creative and critical thinking skills
Row 7–8: Professional skills
Row 9–10: Life skills

• “Enhancement of thinking ability” including imaginative thinking and the ability
to think beyond the obvious (creative thinking).

Professional Skills The effectiveness of Think Lab in enhancing team-working
skills, as well as presentation and communication skills is evident in Table 25.4,
Row 7–8: 68.7% of respondents find Think Lab to be “Very Effective” in building
these professional skills. Furthermore, 26 students have listed development of at least
one of the professional skills as a significant learning.

Life Skills Think Lab has also played a role in making students aware of themselves
and in developing their capability for learning itself (Row 9–10, Table 25.4)–only
3.9% respondents found it to be “not really effective” in these aspects. Further, 14
students have listed one of the following as significant learning from Think Lab:
developing ability to “manage own thoughts”, building “creative confidence”, and
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learning to “be more objective”, “break comfort zones” and “accept critical feedback
and use it for self-improvement”. While this was not the prime objective of Think
Lab, their role in maturing students into well-rounded responsible professionals is
undeniable.

25.6.3 Effectiveness of Learning–Teaching Methodology
of Think Lab

Effectiveness of Collaborative Learning Data in rows 3–8 in Table 25.5 shows
how helpful respondents have found the use of collaborative learning in facilitating
their learning. An unexpectedly high rating is seen in favour of “Viewing each other’s
Work” (Row-5) and “Interactions&Discussions” (Row-2): 80.4%and78.4%respon-
dents find these techniques “very helpful”, respectively. Analysis of qualitative data
yields the following:

• 34 students highlighted that it enabled them to exchange and value multiple
perspectives, as well as “different ways of thinking and approaching tasks”.

• 26 students say that this increased efficiency and productivity by “generating
larger variety of ideas”, shared responsibility and “distribution of work”.

• 18 students say that it provides “insights for improving” competencies and
outcomes as they get opportunities to “give and receive critical feedback” from
peers.

• 33 students have highlighted its role in developing at least one of the professional
skills including teamwork, leadership, time management, communication and
listening, and interpersonal skills of “people management”, consensus building
and conflict resolution.

• 38 students say that this helped them to learn essential life skills such as empathy,
patience, acceptance (of diversity) and “to be sensitive to other’s views”, as well
as “built confidence”, a “sense of responsibility” and “self-awareness”.

Even though respondents have been generous in their support of collaborative
learning, 46 students,while listingbenefits, also point out the challenges ofworking in
a team; these include: losing individuality, “lack of cooperation from group members”
and unequalwork distribution, grapplingwith “conflicting ideas”, different styles and
pace of working, and, dealing with “authoritarian behaviour of certain members”.
This probably explains the data in row-1 of Table 25.6 when compared to data in
other rows; 65.7% have found teamwork to be “very effective”, a lower rating of
effectiveness when compared to that of other collaborative learning tools.

Effectiveness of Experiential Learning Data in Rows 6 and 9–12 in Table 25.5
indicates how helpful respondents have found some of the activities linked to the
four stages of experiential learning cycle. The qualitative data collected clearly indi-
cates that students value the experiential learning format of Think Lab as they term
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Table 25.5 Effectiveness of various teaching strategies and tools used in Think Lab

Teaching
strategy/tools
used in Think Lab

Very helpful (%) Somewhat helpful
(%)

Not really helpful
(%)

Did not help (%)

1. Working in a
team (CL)

65.7 32.4 2.0 0.0

2. Interactions
and
discussions
(CL)

78.4 21.6 0.0 0.0

3. Peer review
and feedback
(CL)

76.5 18.6 3.9 1.0

4. Presenting
work to peers
(CL)

77.5 20.6 2.0 0.0

5. Viewing each
other’s work
(CL)

80.4 18.6 1.0 0.0

6. Sharing of
learning (CL,
EL-RF)

75.5 21.6 2.9 0.0

7. Scaffolds:
cues, formats,
etc. (SF)

77.5 22.5 0.0 0.0

8. Sharing of
examples by
tutor (SF)

78.4 20.6 1.0 0.0

9. Warm-up
exercises (SF,
EL)

63.7 32.4 3.9 0.0

10. Reflections
(EL-RF)

73.5 22.5 3.9 0.0

11. Home Task
(EL)

47.1 40.2 6.9 5.9

12. Recording in
the Journal
(EL-RF)

73.5 19.6 4.9 2.0

Key: CL Collaborative Learning
SF Scaffolding
EL Application of Experiential Learning Cycle
RF Reflection
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“Learning by applying” or “Learning concepts by application” as one of the key
teaching approaches that made Think Lab effective for their learning. In this, the
role of deliberate reflection is one of the key approaches as it helps convert the
experience (of working on the task) into a lesson for future (acquisition of abstract
concept) [21]. 73.5% respondents find exercises of reflection to be “very helpful” and
22.5% find it “somewhat helpful” for their learning process (Row-10, Table 25.5).
Furthermore,

• 36 students highlighted that reflection enabled them to recall, summarise, culmi-
nate and record learning in their memory for a longer period, available for future
reference. It has helped them to “become aware of nuances and details that may
have been missed (while doing)” and “extract meaningful conclusions”

• 44 students mentioned that reflection helped them to “analyse what worked and
what did not”, identify strengths as well as areas of improvement, and enabling
them to make an action plan to improve future performance.

• 14 students indicate the role reflection has played in helping them “know own self ”
by “understanding their own personal process”, style of working and capabilities.

Finally, data in Row 7–9, Table 25.5 suggests that students recognise the use
of scaffolds such as cue cards, worksheets, examples, and warm-up exercises as
they “prepare the ground for success”. Critical to the experiential learning process,
these provides an elegant way of involving the tutor, while mitigating the risk of
spoon-feeding, to extend focused and active support as students face the challenge
of learning complex material.

25.7 Conclusion and Recommendation

The findings in this study indicate that systematic and structured learning plans that
use evidence-informed, teaching strategies including tools of collaborative learning
and experiential learning, to introduce students to formal tools and techniques of
thinking, can build the creative and critical thinking potential of first year students
of design. The study presents evidence that a number of students continue to use
the learnt strategies, tools and techniques of thinking in subsequent creative work–
they are able to recall and discuss benefits of the learning gained, after a gap of 8–
32 months of attending Think Lab. Whether it is direct use of the tools or an indirect
application using the underlying principle, it has resulted in a more fluent creative
and critical thinking process. Introducing students to these tried and tested tools and
techniques, therefore, provides a well-grounded approach to enhance creative and
critical thinking abilities of students.

Furthermore, the use of collaborative learning has been particularly effective
in developing diverse professional skills such as team-working, communication,
presentation and time management, building interpersonal skills like consensus
building and conflict resolutions, and imparting life skills such as empathy, self-
awareness, and ability to use feedback for self-improvement. Even as students point
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out some challenges of team-working, the findings of the study clearly indicate that
its role in developing higher-quality problem-solving abilities and autonomous, artic-
ulate, thinking individuals make collaborative learning viable for creativity training
[19, 24].

The data from the study evidences that a structured learning–teaching plan which
leads students tomethodically engagewith all stages of the experiential learning cycle
is an effective way to prepare students for innovative problem-solving by developing
their overall creative and critical thinking ability. The benefits of reflection listed by
students in converting the experience into lessons for future, closely match those laid
out in existing research in experiential learning. If teaching plans stay persistently
committed to the use of deliberate reflection, then not only does it take students
towards enduring learning for future application, but also helps them to gradually
evolve to be self-aware, self-directed and self-regulated reflective practitioners.

The study shows that the various activities and scaffolds used to direct and support
students to observe, interact, share, analyse, interpret and reflect, have been consid-
ered helpful for the learning. While it may seem that including these activities and
scaffolds reduces the time available for working on the main problem task, and/or
increases the tutor’s effort of planning, their role in getting students to touch basewith
the stages of the learning cycle is significant. It is therefore important to consider the
role these teaching tools play in constructingmeaningful learning, before succumbing
to the temptation of foregoing or reducing their use in teaching plans.

While Think Lab has been successful beyond our initial anticipation as students
cite it as one of the essential fundamental inputs that has formed the founda-
tion for their future creative work, it is humbly recognised that one cannot over-
state these claims—it is not implied that the only reason for the development of
students’ creativity and criticality is the content or teaching–learning methodology
of Think Lab. Yet the findings of this study provide an impetus for design curricula
to seriously consider specific learning modules that are structured on the basis of
research informed pedagogical practices and designed to stimulate creative and crit-
ical thinking separately and dedicatedly, in an attempt to better prepare students for
the unique challenges set by the twenty-first century.
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Chapter 26
Active Learning Strategies for Teaching
Research Skills to First-Year Design
Students

Anshoo Rajvanshi and Gauravi Mittal

Abstract The studies have shown that research is fundamental to design educa-
tion and to equip students with the nuances of research, research methodology and
academic paper writing are included in the curriculum. The purpose of this study is
to establish that teaching research skills, rather than research methods, is a more
engaged learning process for foundation-level design students at the undergrad-
uate level. Teaching strategies applied in a controlled environment built on Bloom’s
taxonomy andVygotsky’s zone of proximal development theory usingKolb’s experi-
ential learning theory along with motivational strategies have proven to be engaging
and enabling for the students. This is mapped through a cultural context-specific
research project. To analyze and evaluate the effectiveness of active teaching and
learning strategies applied in the entire module, a student survey was conducted
on two consecutive batches. According to our findings along with achieving all
the intended learning outcomes, the strategies have been instrumental in increasing
students’ engagement and minimize their inhibitions and have provided opportuni-
ties to keep them intrinsically and extrinsically motivated toward practicing research
skills.

26.1 Introduction

Research has always been regarded as one of the fundamental skills in design practice
as research facilitates sound design solutions. Theoretical approach used for teaching
research makes the research concepts abstract, difficult to comprehend and making
it into a complex skill. A need was felt to ease out this approach and engage design
studentsmore actively by using academicmaterial and employing a range ofmethods
for research analysis and interpretation along with ethical practices to stay more
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informed and indulge in more meaningful design practices [1]. With Indian design
industry coming of age, the professional boundaries have now extended from design
practitioners to independent researchers in design. Considering the pivotal role of
research in design both academia and industry, it is considered inevitable and rather
mandatory discipline for a strong and holistic development-oriented teaching and
training for the future design professionals. The curriculums offering design degrees
have included researchmethodology and academic paperwriting for students to learn
the nuances of pure research.

Literature has revealed that the students entering higher education possess very
weak foundation for conducting empirical research and get overwhelmedwhen intro-
duced to research methodology, and dread research methods courses as they find
research concepts abstract and difficult to comprehend. Many have false assump-
tions about their research abilities, either they feel intimidated, discouraged and
demotivated by extensive details and associated jargons on research methods or they
feel contended at collating information directly answered by web sources to success-
fully submit research-based assignments in school [2–4]. Didactic teaching format
for teaching a research methods course to social science students at introductory
academic level in higher education has not given encouraging results, whereas use of
active teaching strategies using flipped classroommethods and live research projects
has been found highly effective in encouraging and enabling students to conduct
original research work as well as learn research methods principles [5]. However,
in active learning environments, learning is the consequences of one’s actions on
behalf of the student through constructive engagement in learning activities. Though
the responsibility of learning lies on the student, creation of learning environment
and learning opportunities lies on the tutor. Active learning strategies using Kolb’s
experiential learning cycle are a plausible framework to work with as it provides a
rationale when a new concept is to be introduced for it to be learned and imbibed as
a cognitive skill. Both the theories being learner centric are instrumental in engaging
the heterogeneous cohort of learners with varied socio-cultural backgrounds and yet
unidentified learning styles [6–10].

Research in design includes observation in the field to gain empathy and identify
different factors impacting the user, discovering insights which eventually leads to
generating new and contextualized ideas. The process of research is much nuanced
than it sounds. Moreover, for a design student, it is important to understand the
relevance of context in design. Context in most scenarios is never explicit, and it is to
be interpreted from the indicators. Hence, it is important for students to comprehend
the perceptual link between learning research and design practice to stay motivated
to gain requisite knowledge and skills to be able to conduct research independently
in the future. There is a need to map and analyze learning and teaching strategies that
are effective in building their confidence, bring down intimidation levels, and raise
nuanced awareness toward the merits of conducting research and its application in
design process.

This paper is an outcome of learning and teaching strategies applied in one of
the four modules to introduce research skills to foundation year design students at
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undergraduate level. In this module titled ‘Design Environment’ focus is to intro-
duce historical, cultural and contemporary design practices within the context. The
(pedagogy) focus is self-exploration through research skills. The study analyzes and
evaluates the effectiveness of active learning and teaching strategies based on the
hypothesis that if in an active teaching learning environment a student is exposed to
the relevance and use of research skills and processes, it can lead to students imbibing
them in their ownpractice. The strategy like group tasks, pinupondisplayboards, peer
review and discussions, can also be instrumental in reducing (if not eliminating) their
intimidation levels and build their confidence with reference to conducting research.
This paper discusses the approach applied on heterogenous cohort students of two
consecutive batches [2018–19 and 2019–20]. The best practices are presented after
reflections and refinements, confirmed by a survey conducted on the students from
both the years.

26.2 Experiment

At our institute, a constructivist curriculum [11] with definitive learning outcomes
using Bloom’s taxonomy [12] provided the allowance to experiment and put students
on the path of self-exploration using active learning and teaching strategies. However,
active learning focuses on ‘how’ students learn rather than ‘what’ students learn
which is an important component of any curriculum. Hence, the activities and tasks
were designed for students where they could explore the contextual references to
design and design practice (what) by applying basic research skills (how).

To address the ‘What’ discipline-specific contextual relevant themes were chosen
ensuring that themes were not restricting students to the classrooms. Students were
encouraged to discover immediate surroundings and their community, to think about
themselves and their own environment, to develop compassion and empathy toward
people and cultures. With engaging and meaningful themes, learners had something
to explore, to investigate about, to describe, to compare, and to explain by using the
‘How’ which facilitated the intended path of exploration using the newly acquired
research skills. During the academic year (August–May), the teaching in Term-1
(August-December) focus on students exploring the ‘What’ of the theme explicitly
and ‘How’ they explored remained implicit. In Term-2 (January–May), had focused
on the ‘How’, the intention was to explicitly explore research as a component of
design process through application in design projects. The focuswas deliberately kept
on ‘research skills’ rather than research methodology, as a gateway to the discipline
of research, inspired by Piaget’s theory of Schemas [13, 14].More complex-scientific
principles and theoretical concepts of research along with its wider implications are
left to get revealed at advanced levels [12].

For this module, eight weeks of dedicated teaching is spread equally over two
terms, all tasks and sessions across the module were planned is a series to facili-
tate integration and internalization of experiences and learning as a whole. Module
learning objectives were broken down into sub-learning-objectives, which were
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further planned to delivered through smaller sequential tasks to lower the intrinsic
cognitive load for the students to facilitate learnings of subtle nuances of research
[15, 16]. The tasks were sequenced based on their current zone of proximal develop-
ment (ZPD) that is their current cognitive level of the learner and the attainable level
in the guidance of the tutor. Suitably scaffolded the level of difficulty of these tasks
was gradually raised to always keep the learners in their ZPDs [17]. The learning and
teaching activities were planned applying Kolb experiential learning theory (KELT)
to translate experience into learning through the process of deriving concept by
reflecting on the experience and further apply in a new context. Many such Kolb
experiential learning cycles (KELC) were applied as a set of spirals for learning and
teaching to be more effective. Using the motivational theory, to keep the motivation
of the student high, many milestones were marked for students to have a sense of
achievement during the process of learning [18, 19].

In term-1, one-week-long briefs were designed supported with a guided investi-
gation to explore, observe, identify connections between different ideas, interpret,
provide explanations and evidences. While prime focus was kept on exploration
of the theme, selected research tools and skills were introduced. The opportunities
were created in a strictly controlled environment for students to learn and apply these
tools and acquire the requisite skills. In each consecutive week, students learned a
new research skill or refined it. Using the newly acquired research skills, they could
explore the theme to unravel hidden aspects which otherwise may not have been
possible.

The application of learning and teaching strategies applied in one of the four
weeks is mapped in below Table 26.1. The sequence of activities, stages of scaffolds,
types of scaffolds, introduction of research tools and skills using Kolb’s experiential
learning cycle (KELC) is presented along with the intended learning outcomes. In
the table given below, the bold cells elaborate on approaches used in white cells. The
objective of this table is to present the different approaches applied; with each step
a student goes into the next level of ZPD.

Term-2 is oriented toward application of tools and skills acquired in Term-1 in
design projects. The KELC in Term-1 was completely guided in terms of ‘What’ and
‘How’. In Term-2, students were guided to apply these learning independently. This
phase being ‘How’ as explicit, students were given the ‘What’ and had to themselves
identify the ‘How’. In one of the design projects, students did guided-research and
they were provided with helping questions like ‘what nature of information and
why do you need it? Where will you find it? How do you plan to find it?’. To
facilitate, they were grouped with one peer to work together but to ensure their
involvement they were to be assessed individually. One major component in the final
deliverableswas a detailed reflective note on ‘Evidencing the use and appropriateness
of primary and secondary research skills to collect information as part of the design
process’. This becomes an evidence that the students are able to identify and articulate
the application and relevance of learned research skills, along with the merits of
conducting research. Following this, to showcase their educational accomplishments
with reference to the entire learning from all modules in one culminating Capstone
project, they submitted a research plan to evident the application of learned research



26 Active Learning Strategies for Teaching Research Skills … 325

skills. For students, it was part of assessments but for us, it was a way to assess them
whether they have entered the next level of ZPD or not.

To analyze and evaluate the effectiveness of the applied active learning and
teaching strategies in the module, it is important that we take perspectives of the
students.

Table 26.1 Mapping of learning and teaching strategies applied in one of the four weeks in Term1

DO (1)—Pre-work (Individual): Students listed objects from immediate surroundings based on
activities done in 24 h
REFLECT (2)—During in-class discussion: Students reflected on the role of these objects in
their lives
THINK (3)—Tutors shared objects from their lives, handmade ceramic mug, spectacles and
mangalsutra, discussed material and non-material aspects
APPLY (4)—Students found similar pattern in their objects. They differentiated material and
non-material aspects, using a visual organizer (VO)

(1) Observation (2) Inquiry (3) Tutors sharing worked as a modelling behavior for
understanding the meaning of the concept (4) VO here worked as a scaffold (4) segregate
information to make meaning

DO—On display boards, students presented the categorization done using VO and discussed in
peer groups
REFLECT-Non-material component could be self-created or inherited. Either material or
non-material can take priority in perception. Students wrote a 300 words reflection note
THINK—During guided discussion, students used terms like culture and lifestyle while
articulating the patterns and similarities observed in VO. Tutors introduced academic definitions
of ‘Culture’ with its relevance to design context
APPLY—In groups of 5, students were assigned an ethnic community to map their culture with
the help of 5W1H1using VO and discussed each other’s work

(1) Experience a sense of achievement (1) Peer learning (2) Writing reflection notes
intensified the experience. (3) The activity was to guide students to analyze and reach on
such terms on their own. (3) Academic definitions didn’t intimidate students, instead gave
them the confidence to reflect on their discussion in the definitions presented (3)
Importance of understanding the relevance of a concept in context of their academic
learning and in the scope of its application. (4) Group work for more engagement and
learning (4) 5W1H worked as scaffold to kickstart the research process

DO-Group presentation and discussions: they made connections within different ethnic
communities and also with their own cultures by pointing at similarities and differences
REFLECT-Students wrote a reflection note on the similarities (300 words) on- “What and how
did you do it? What was the outcome? What was your learning? When can it be used in the
future?”
THINK-During guided discussion, academic definitions of material and non-material were
given. Tutors introduced the terms primary and secondary research and how students have used
both data to reach this conclusion
APPLY-To conclude the discussion, students wrote 500 words essay on: “Discuss how material
and non-material culture informs each other, with one object from the ethnic community as an
example”. They were encouraged to refer to the VO and reflection notes

(continued)

15W1H is an abbreviation for What, Why, Where, Who, When & How?
For further information, refer to: https://creatingminds.org/tools/kipling.htm.

https://creatingminds.org/tools/kipling.htm
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Table 26.1 (continued)

(1) There is a sense of achievement with level of categorization, analysis and presentation
of work. (2) Writing reflection note (3) Introduction to research skills along with practice
was less intimidating. They understood the difference and relevance of both kinds of data.
(4) VO and reflection notes as pre-writing tasks facilitated essay writing without feeling the
need of using other source of information. At this juncture, students with lesser critical
abilities struggled with logical construct

DO-Students who submit their work in the given timeframe received a feedback before
submission for final assessment
REFLECT—Recognized the relevance of feedback as it gave a direction of improvement based
on: width of topic and sources, critical analysis and logical construct, awareness of design
practice, language and adherence to the format
THINK-They were introduced to the role of feedback in self-improvement and
self-regularization. The progress for the final draft is now planned
APPLY-Wrote and submitted the final essay along with the journal consisting all pre-writing
tasks, VOs and reflective writings

(1) Extrinsic motivation on completion of the task and final submission in time. (2)
Feedback based on criteria are more helpful in analyzing the work (3) Student is motivated
with an opportunity to improve further. (4) Assessment of the journal along with final
essay establishes the value of processes in research

26.3 Methodology

This research is majorly quantitative, with some qualitative aspects accommodated
through the design and nature of questions asked to the respondents. This study
discusses the approach applied consecutively over two years on 6 batches of an
average of 40 students each. This means that this cycle was applied 6 times in 2 years,
for teaching research skills to foundation year design students at under-gradation
level.

Respondent’s Profile It is important to discuss on the L3 and L4 students’ skillset
to better comprehend the results of this study.

L3 Students (Total 106 Students, 76 Respondents) They operate in predictable,
well-defined contexts and guidelines, using given techniques and information
sources, under direct supervision. They can collect information to inform a choice
of solutions to standard problems in familiar contexts. Yet, their analysis is limited
to information of pre-defined frameworks.

L4 Students (Total 104 Students, 45 Respondents) They operate in huge variety
of predictable contexts requiring use of specific techniques and information sources,
working in limited autonomy as well as supervision though they are responsible
for the quality of their output. They have a well-defined focus for enquiry, plan
and undertake investigative strategies using a limited and defined range of methods,
collect data from a variety of sources, and communicate results effectively in an
appropriate format.
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Data Collection-Methods, Tools and Sources Conceptualizing the questionnaire:
The study uses a questionnaire survey to collect and analyze both quantitative
and qualitative data. Two separate questionnaires were developed for two sets of
students. While the composition and rationale for these separate student samples
will be discussed in further sub-sections, it is important here to discuss the nature
and purpose of the designed questionnaires. During the academic year, students
currently bi-annually fill feedback forms on module delivery and teaching methods.
But to get a clearer picture of their pre-assumptions about research, for better course
delivery and to gauge scope of improvement, we have designed a fresh and separate
questionnaire. This will hopefully bring us more about their attitude toward prac-
ticing research skills. There was also a self-assessment survey, to self-reflect on their
research skills and self-confidence, which works as an intrinsic motivation for them
to take initiatives for practicing research in the future.

At the time of the survey, the first group (Level 3 students) recently completed their
foundation academic year (Batch 2019–2023) and received their results as well. The
purpose is to gauge their perspective, personal understanding and grasp on the subject
matter over the year. It was designed to trace a timeline of the students’ introduction
and understanding of research, particularly design research. The questions had four
key themes, as following: (1) their impressions of research in school, the content
and style of research input they received, if any. (2) Their perception of the course
module after introduction of LOs (Learning Outcomes), if they started looking at
research skills and its processes as a space for inquiry. (3) The change in perception
(if any) after the completion of one-year inputs: What was their experience with
research skills, class environment, teaching and understanding of the content after
the first few weeks of input? What are their capabilities, how did they navigate
through the process of input,what aspects of research skills did they apply during their
foundation academic year?Do they see the relevance of research in design education?
Do they perceive this module research limited to reading, writing and a space where
long lectures happen? What is there understanding of the concept-material and non-
material? How many tools like 5W1H have been helpful for them? Lastly, they
self-assessed their research abilities, reflected in the culmination project of their
academic year.

The second group (Level 4) are seniors who just culminated their second year
of design school (Batch 2018–2022). This questionnaire was to access if, research
skills learned in L3, were applicable and beneficial in L4. And also, to assess their
perception and perspective toward research and research practices along with its role
in design practices after two years of input. A set of questions was based on their
self-assessment of their capabilities for practicing research-gathering-collection of
information from primary, and secondary sources and segregating and analyzing
information, and presenting in prescribed formats.

Data Analysis The purpose of this survey was to map student’s perspective in terms
of their level of understanding along with the changes in their perception toward
research skills. Also, we intended to map their perception of relevance of research
in design before and after completion of the course, as well as the relevance of
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this learning at advanced levels. The results from the survey were analyzed against
our expectations on the impact of learning and teaching strategies based on applied
theories implemented throughout the academic year on the students, acquiring the
intended learning and its impact on their attitude toward research (if any).

26.4 Findings

To bring perspective to the discussion of our results, an important clarification is in
order. The respondents for the study come from all possible grade categories, thereby
ensuring there is no bias in favor of any one category.

School Input on Research The data is significant as this reveals that the students
joining for higher education at our institute is a heterogeneous cohort (Set 1, 2, 3
and 4). During the survey of the L3 students, it was revealed that during the school,
43.42% (Set 1) of the total students had practiced research with material that was
taken from web sources and added the content in their assignments. These students
neither had theoretical input, nor an input on what’s a reliable source of information.
15.78% (Set-2) of the total students were given theoretical input on the difference
between primary and secondary data, survey and interview. Yet these students never
practiced, so their research was limited to theoretical understanding. Only 10.53%
(Set 3) of students practiced doing an interview, made a survey, and collected and
analyzed the data. This percentage also includes students who received no theoretical
input on research. There are students that conducted surveys and interviews without
receiving adequate theoretical input, point to a highly inadequate and flawed intro-
duction to research at the school level. This is significant because this is what they
start higher education with. Approximately 30.26% (Set 4) students have neither
received nor practiced any aspect of research. They never referred to web sources or
gathered information for their in-class activities and assignments.

Intimidation Towards Research As mentioned in Fig. 26.1, we found that 94.74%
of the L3 students who received input on research in some way (as mentioned in the
above section, set 1, 2 and 3) thought research was an intellectual activity beyond
their capabilities, before starting this module. A similar pattern was observed in the
81.58% of students who received no input (Set 4), who also dreaded research. This
clearly indicates how students have irrelevant and inadequate introduction to research
at school level, and they go into higher education feeling intimidated by it. 71.05%
students at the introduction of the course and 88.16% after the first two weeks of
the input were intimidated by research. However, we must acknowledge that this
could include the anxiety someone has when starting a different style of learning
than one they were used in the school. This could also be the stress of starting higher
education as tutors; one of themain observationswemadewas that new studentswere
a bit skeptical about working in groups, getting involved in a dialogue with peers and
tutors, and concentratedmore on the content of their journals. This could be a result of



26 Active Learning Strategies for Teaching Research Skills … 329

Fig. 26.1 Trend of confidence toward research

the flawed idea of research—if they are introduced to research either through theory
or only through practice without theory, resulting in toomuch focus on content rather
than the processes and the meanings. It took some time to show them the benefits
of getting involved in the active learning processes. However, their confidence in
performing independent research before their capstone project improved by 90.79%.
After the completion of their foundation year, 92.11% of the students felt capable of
conducting research on their own. It is worth discussing how these numbers increase
for L4 students. 92.11% expressed that they could conduct research independently
based on the application of learnt research skills from L3. Research is a doable and
engaging process for 95.45% of L4 students. A total 97.73% of L4 students could
conduct research independently. Another promising finding was that all the students
of L4 feel the need for conducting research in their projects, even without instruction.

Understanding the Relevance of Research in Design One of the most important
aspects, we wanted our students to understand, is the relevance of doing research in
design.Once a student starts seeing the relevance in a subjectmatter, they intrinsically
start getting involved in the process of learning. According to the findings, 98.6% of
the total respondents of L3 and 93.2% of the L4 students do think that research is
relevant in design.

Conceptual Understanding of Material and Non-material A majority of the
students (85.5%) were confident and capable of brainstorming, searching, exploring,
making questions, gathering information and segregating. 79% felt capable of
drawing insights and doing the analysis. This is something we expect them to achieve
at L3. Surprisingly, 40.79% seem to understand the concept in a holistic manner and
able to apply in different contexts as well as the capstone project. This group of
students has high critical thinking skills.
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Utility of Tools (5W1H) During the learning process, students were introduced to
tools to help brainstorm the right context. 81.5% found the tool to be helpful in kick-
starting their thinking process, preparing an exhaustive list of questions to identify a
wide topic, and finding information relevant to the subject matter that they are trying
to explore. It has helped them include all important aspects and also pushed them to
look at different sources of information. Yet this tool had its limitations, as 39.47% of
students responded, that it led to overload of information when used during in-class
sessions.

Active Learning Environment Overall, 82.8% of L3 students demonstrated
engagement toward in-class input for research skills. 76.3% of students find the
research to be challenging, indicating their awareness that there are nuances in
research process. An average of 95.61% students find that the teaching method and
in-class activities are engaging, helped them to understand the concepts better and
abled them to participate in the discussions aswell. And 81.14% showed positive atti-
tude toward conducting research (gathering information, segregating and analyzing)
in-dependently in the future, as mentioned in the Fig. 26.2.

Students Self-Reflection on Their Research Abilities The results showed that
73.66% of L3 students have scored their capabilities as ‘very good’ or ‘good’ for
exploring, gathering and segregating information. 62.43% were confident of their
analytical skills, and 78.94% were confident about applying the acquired knowledge
of research skills in different contexts, and in projects under different modules as
well. It was pleasantly surprising to see 78.97%L3 studentsmarked themselves ‘very
good’ or ‘good’ for knowing and understanding research ethics.

Fig. 26.2 Feedback on active-learning
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Fig. 26.3 Perspectives towards reading/writing

Perspectives Towards Reflective and Academic Writing in Research As indi-
cated in Fig. 26.3, at the time of introduction to the module, students were strongly
inhibited toward research, 55.26% of L3 students had a misconception that’s it
all about writing (making notes and constructing essays). After giving input for
3 months, 90.79% of the total students were able to develop an argument to write
an essay on their own. They started using academic essays as a way of expressing
themselves. Overall, 97.37% students have self-assessed their writing-reflection note
skills as ‘very good’ or ‘good’.And 94.74%have scored their essay and reportwriting
abilities as ‘very good’ or ‘good’. Another promising finding is that 94.74% students
seeing benefit in writing reflection notes, even when they are not asked to; they even
said that they will be practicing in future as well. On similar grounds, the findings
for L4 students also confirm that 95.45% are still writing reflection notes for their
assignments and 88.64% still write reflection notes for themselves, even without
instruction.

Perspectives Toward Academic Reading to Gather Information for Research
As indicated in Fig. 26.3, students originally had strong inhibitions against research.
60.53% L3 students thought research involves a lot of reading. 89.47% thought that
research is about gathering exhaustive information on one topic. Similarly, when
they were introduced to the module, 82.89% thought this module will include a lot
of reading. This perspective toward reading gradually changed during the course of
the delivery, where 96.05% started taking reading material as a source of obtaining
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answers for the inquiries they have in mind, the questions they have built for them-
selves to find relevant information. The inquisitiveness helped 97.37% students see
it as a force pushing them to look at different sources to gather knowledge for their
design process. Eventually when the survey asked the students their opinion on
whether research is all about reading, 90.79% of them disagreed.

Drawback of OurWork Active Learning Teaching requires a lot of planning at the
tutors’ end, and it needs planning on how the content will be delivered in an engaging
manner. The active learning–teaching environment combined with a classroom of
students with different cognitive thinking meant that we needed to make sure that
concepts of design and research skills are clear to everyone. To achieve that, we
repeatedly took them through the process of KELC using another task based on the
same idea. Sometimes, this became monotonous for students with higher cognitive
thinking. According to our survey, 42.1% of the students felt the same. There have
been considerable discussions among tutors to address this issue, and refinement is
still in process.

26.5 Conclusion

At an undergraduate level, it is crucial to equipfirst-year design studentswith research
as a tool to explore the unchartered paths and create new avenues in the demanding
and dynamic industry, which otherwise is not possible through traditional teaching
methods. From the foundation level itself, if cognitive research skills rather than
cognitive research ability are introduced it helped them to understand its relevance
as well as imbibe it as an inherent part of design process. Demystifying the term
‘research’ helps lowering their intimidation level and improves confidence.

Inquisitive and challenging (ZPD) active learning environments are instrumental
in increasing students’ engagement and minimize their inhibitions in terms of
responding to their own queries and confusions toward research skills and its
applications in design process.

Incorporating inquiry-based exploration of thematic content which is relevant to
design domain helps students to comprehend the perceptual link between learning
research and design practice, also benefiting their overall academic learning.

It has been realized during the planning and application stage that if the leaning
objectives are broken down in smaller components and for each smaller learning
outcome, smaller KELCs are applied; then it is easier to scaffold students’ learnings.
It also provides opportunities to keep them intrinsically and extrinsically motivated
and also reduce their intimidation levels.

It is recommended that the activities designed during the inquiry phase of the
research process should enable students in generating right questions to arrive at
the right keywords to address the inquiry objectively. It has been observed that if
the introductory tasks are achieved well by a student, then it helps in retaining the
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motivational levels and keep engagement high in forthcoming tasks or else it results
in disengagement and non-achievement of higher levels of learning. To ensure this
academic and planning, the delivery based on Bloom’s taxonomy has proven to be
beneficial.

It is important for the tutor to stay mindful of expected level of learning objectives
from a student’s performance, as it has been experienced that when high-caliber
students achieve the expected learning outcome while peers are still in process, we
felt motivated to extend the task to the next level for them.

However, even in an active learning and teaching environment with a heteroge-
neous cohort, it has stayed as a challenge to keep a high-caliber student engaged and
challenged and a low-caliber student engaged and motivated.
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Chapter 27
Design Thinking Instructions
and Cognitive Processes

Apoorv Naresh Bhatt, Lavannya Suressh, and Amaresh Chakrabarti

Abstract In the era of the 4th industrial revolution, new jobs demand that the work-
force should have several essential skills such as problem-solving, creativity, critical
thinking and innovation skill. School education is the right time to impart these skills
in young children who are members of the future workforce. Literature shows that
several cognitive processes are at the core of these skills. These cognitive processes
are also mentioned to be at the heart of the design thinking process, justifying the
need for teaching design thinking process at the school education level. In the peda-
gogic context, the revised Bloom’s taxonomy defines 19 specific cognitive processes
and classifies these into six major categories. With the help of this taxonomy frame-
work, an attempt has been made to find the association between the instruction for
activities within the ‘IISC design thinking’ process (a specific process that aims to
optimise design thinking) and the cognitive processes. Results indicate that following
the above instructions while performing IISC design thinking activities enable most
of the cognitive processes recommended by Bloom, covering all his six categories.
This has the potential to support the development of higher-level cognitive skills that
are required for the twenty-first-century workforce.

27.1 Introduction

According to Merriam-Webster dictionary, skill is ‘a learned power of doing some-
thing competently: a developed aptitude or ability.’ Unlike specific skills (e.g.,
factoring polynomials and solving square-root problems), skills like problem-solving
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and critical thinking are general skills because they are useful in acquiring a range
of cognitive, motor, and social skills [1]. Authors have reviewed various research
papers, international reports, as well as articles and identified the 21st-century skills,
which are essential for the workforce to have and be developed by students during the
education [2–6]. All the above sources are primarily emphasising creativity (ability to
produce a novel outcome), critical thinking (ability to analyze and evaluate informa-
tion), problem-solving (ability to choose means to reach toward a goal), adaptability
(ability to adjust to new conditions) and collaboration (ability to work together) skills
as essential skills. In addition, there is a coherence between the skills required from
a workforce and the skills needed to be developed by students. [7] noted that in order
to develop creative, critical, and innovative thinking, the required core skills are not
limited to remembering skills but also focusing, information gathering, organizing,
analyzing, integrating and evaluating skills [7]. Thus, school education is the right
time to inculcate those skills in young children who are the future workforce.

27.1.1 The Current Indian Education System

Current teaching and assessment techniques in the Indian education system empha-
size rote learning over meaningful learning. During teaching and assessment, more
importance is given to retention skills. Moreover, repetitions of questions throughout
exams indirectly hinder the transfer of knowledge to students. This leads to a lack of
inculcation of higher-level cognitive processes in children. According to the National
Education Policy 2016 (draft), Ministry of Human Resource Development, Govern-
ment of India, quality of the education imparted is a critical challenge in the educa-
tion sector [8]. In most cases, the assessment of learning achievement focuses on
memory-based learning and testing the students’ ability to reproduce content knowl-
edge [8] where more emphasis is given to the retention of explicit written instruc-
tions and leaves no scope for development of essential skills (i.e., creativity, crit-
ical thinking and problem-solving skills). Moreover, in the classrooms, learning is
receptive (where teacher demonstrates, describes or writes the teaching content and
information passes one way), and the assignments given ask students to work indi-
vidually. This inhibits the development of collaboration and communication skills in
students. The above discussion leaves the scope of assessing the current education
system and its effects on the development of different skills.

27.1.2 Design Thinking Process, Activities, and Instructions

Design thinking (DT) is the cognitive process from which design concepts emerge
[9]. It is an iterative process which involves identifying goals (needs), generating
proposals to satisfy the goals, and improving both the goals and proposals [10]. In
the previous work, the authors have described a design thinking model known as
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Fig. 27.1 IISC design thinking model: stages, activity steps and instructions

IISC by analysing and combining various activities from existing models [11]. The
IISC design thinking model (developed at the Indian Institute of Science, Banga-
lore) consists of four broad generic stages: Identify, Ideate, Consolidate and Select.
Each stage is further divided into several activity steps. IISC design activities direct
students and that leads to the generation of solution. Each activity of IISC design
thinking has specific instructionswhich help students or learners to generate different
outcomes like a list of requirements, ideas, concepts and prototypes in an effective
manner (see Fig. 27.1). In previous work, the outcome produced by the students was
assessed by the experts, and mentors’ and students’ feedback were taken. The results
revealed the effectiveness of IISC design thinking as a useful tool for problem-finding
and problem-solving [12].

27.2 Elementary Cognitive Operations in Design

Various attempts were made to link steps/activities of DT phases with other theoret-
ical constructs. For example, by conducting a review of the literature [13], shown
how specific design thinking processes and tools help decision-makers to reduce
their individual-level cognitive biases, and to increase the potential for improving
innovation outcomes. [11] established the link between the DTP steps and their
potential impact on learning objectives and subsequently derived their favorability
to the learning approaches. Similarly, [14] established the link between the activities
of the design thinking process with the various constructivist learning principles.

On the one hand, design approaches help us produce a specific outcome in the
form of a product (artefact), process or service, which can be novel and have a social
value. On the other hand, performing design activities helps designers or learners to
acquire certain kinds of skills and instil a school of thought which may contribute
to the development of the twenty first-century skillset. From the literature, authors
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Table 27.1 Elementary operations in the design process

Elementary operations in the design process

See Observe Read Listen Interpret

Measure Remember Keep in mind Recall Speak

Explain Write Report Sketch Draw

Dimension Set up parts list Calculate Note, annotate Order, classify

Compare Combine Analyze Synthesise Abstract

Concretize Establish analogy Invert Induct Deduce

have tried to identify the skills/operations/mental processes that can be acquired
by performing design activities. Hubka and Eder [15] explained the structure of
possible activities in the design process, in which they argued that various elementary
operations are used in the design process (As shown in Table 27.1) [15].

Taylor et al. [16] developed a design education program to enable individuals to
acquire behaviours related to the following five ‘mental processes,’ i.e., (1) problem
solving, (2) creative thinking, (3) visual thinking, (4) group interaction, and (5)
communication skills [16]. Based on a review of top technologists, Halfin iden-
tified a total of 17 mental processes used by design practitioners. These mental
processes consist of the following: defining the problem or opportunity opera-
tionally, observing, analysing, visualising, computing, communicating, measuring,
predicting, questioning and hypothesising, interpreting data, constructing model and
prototypes, experimenting, testing, designing,modeling, creating andmanaging [17].
Further, Hill developed and tested a technique for assessing these mental processes
as used by students who participated in instructional learning activities in technology
education [18]. Similar kinds of workwere found in the literaturewhere the effective-
ness of technology education in increasing students’ cognitive abilities with respect
to problem-solving was evaluated by using Halfin’s code of mental process [19].

Authors, however, found the following issues in the Halfin’s code and definitions
of mental processes, as explained below:

• Many of the above that are currently described as mental processes (e.g.,
communicating) are skills and not mental processes.

• Many mental processes (e.g., defining a problem, constructing models and proto-
types, testing) are design activity steps rather than mental processes, and may
contain physical and mental processes to be carried out.

• Only a few of the processes (i.e., predicting and hypothesising) are non-compound
in nature. For instance, ‘observing processes’ not only stimulate the senses but
also ‘differentiate’ between relevant parts of a piece of information, and ‘retrieve’
and ‘compare’ knowledge from long-termmemory that is consistent with external
information.

The above confusions createdby the current use of overlapping terminologymakes
it difficult to distinguish between basic and compound cognitive/mental processes
(which may or may not involve physical operations), and to investigate as to how



27 Design Thinking Instructions and Cognitive Processes 339

these processes relate to and are supported by two systems of interest: the current
system of education and the broad activities of design thinking.

In order to resolve this, we propose a common approach for assessment of the
current education system as well as design thinking instructions, both using the lens
of cognitive processes proposed in the revised Bloom’s taxonomy. From a pedagogic
point of view, the revised Bloom’s taxonomy is a systematic classification for cogni-
tive processes. The revised taxonomy consists of six major cognitive categories (viz.
remember, understand, apply, analyze, evaluate, and create) under which it defines a
total nineteen cognitive processes (viz. recognizing recalling, interpreting, exempli-
fying, classifying, summarizing, comparing, inferring, explaining, executing, imple-
menting, differentiating, organizing, attributing, checking, critiquing, generating,
planning, producing) [20]. The revised taxonomy is used heavily across the educa-
tion domain, and it is useful not only for aligning education goals, instructions, and
assessment but also for assessing student’s abilities [21].

The focus of this work, therefore, is to seek the relationships between these cogni-
tive processes and the two systems of interest: (1) the current teaching activities (in
the Indian school education context); and (2) the design thinking activities. The first
goal is to understand the extent to which the current school education promotes the
cognitive processes. The second goal is to understand the extent to which design
thinking has the potential to promote these cognitive processes. This study has been
conducted with the following objectives: (1) to understand as to how the questions
used in the test papers of Indian school-leaving examinations are associated with
(testing of) the revised Bloom’s cognitive processes; and (2) to understand as to how
the instructions used for carrying out design thinking activities are associated with
(promotion and practice of) these cognitive processes.

Based on these two research objectives, the following are taken as the research
questions for this study.

Research Questions

1. Do the questions asked in school-leaving examinations have the potential to
assess higher-level cognitive processes?

2. Do the instructions for carrying out design thinking activities have the potential
to promote higher-level cognitive processes?

In order to answer these questions, the definitions of the cognitive processes, and
test questions, and the instructions for IISC DT were analyzed in detail. Then, each
question/instruction wasmapped with the cognitive processes of the revised Bloom’s
taxonomy framework. As a rudimentary evaluation of the mapping procedure, an
inter-coder reliability test was conducted. The results and future work have been
discussed in the subsequent sections.



340 A. N. Bhatt et al.

27.3 Analysis of Question Papers

CBSE is the national board of education followed by a majority of the public and
private schools in India. There are approximately 21,000 schools in India and 220
schools in 28 foreign countries affiliated to the CBSE. The board exams conducted
annually for class 10 and 12 is a uniform mode of testing throughout the country.
As CBSE 10th board exams are conducted over a large number of schools, it is
appropriate to investigate the current status of school education by takingCBSEboard
as a benchmark and analyzing the 10th class CBSE board science question papers
assuming that assessment questions are aligned with the curriculum and teaching
activities. A detailed analysis of these question papers and their curriculum has been
done to evaluate how these exams test a student’s brain. The questions in the CBSE
class 10, science papers from 2015 to 2019, were classified based on which cognitive
category it tests the brain. During the analysis, wherever required, the questions have
been divided into sub-questions for a more precise classification. For simplification,
association of marks/points with the questions has not been taken into consideration
during the analysis.

27.3.1 Key Findings and Inferences from the Analysis

The results of analyzing year-wise data have been shown below in Table 27.2.
Whereas number of questions in exams and associated cognitive categories and
processes have been shown in Fig. 27.2.

Following a comprehensive analysis of the question papers over the past five
years using the Bloom’s taxonomy on the cognitive dimension, it was found that the
CBSE questions covered mainly three categories: ‘Remember,’ ‘Understand,’ and
‘Apply.’ Therewere very fewquestions that tested ‘Analyze,’ and hardly any that tried
‘Evaluate’ or ‘Create’ categories. Based on the nature of questions asked in CBSE
board exams, thematerial provided byCBSEwas looked into and the questions asked

Table 27.2 Results of analyzing year-wise data: Percentage of questions to test different cognitive
categories over five years

Category Academic year Average (Roundoff)

2015 2016 2017 2018 2019

Remember 32 35.7 32.6 37.5 31.3 34

Understand 46 40.5 48.8 47.9 47.9 46

Apply 14 19 11.6 8.3 10.4 13

Analyze 6 4.8 7 6.3 2.1 5

Evaluate 2 0 0 0 8.3 2

Create 0 0 0 0 0 0
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Fig. 27.2 Number of questions to test different cognitive categories and processes over the period
of five years

as exercises in the textbook, and the NCERT exemplar book (containing practice
questions offered by CBSE) were analyzed, so as to check the extent to which the
questions in these textbooks matched the questions asked in the papers. Based on
the nature of the questions asked in the materials provided by CBSE, three main
categories were created:

‘Exactly the same questions from study material’, ‘Similar to questions asked in
the study material (change in values, specifics)’ and ‘Unfamiliar questions’. Each
category of questions was analyzed separately and categorized to see the extent to
which the questions match with the CBSE provided material.

From the findings, it is clear that, among the five-year questions, the percentage
of precisely the same questions and similar questions from the textbook as well as
exemplar book was about 73% of the total questions. This shows that majority of the
questions asked were familiar to the student in some way before. According to [15]
if the assessment task is identical to a task or example used during instruction, one is
probably assessing remembering, despite one’s efforts to the contrary. Unless more
unfamiliar questions are asked, one cannot ensure that a higher level of cognitive
processes rather than remembering is being assessed.

Authors have also observed that some questions have a proxy/auxiliary (optional)
question, and it allows students to choose one question to attend out of two. Many of
these questions test different categories, e.g., even if CBSE asks questions that test
the application part of the brain, the students still have an option not to answer it and
answer the proxy question that is purely memory-based. So, between the students
who answered the application testing question and the students who answered the
remembering type question, both will be evaluated similarly for the given question.
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The findings indicate that the assessment questions hardly covered higher-level
categories like analyze, evaluate and create. Moreover, the presence of familiar ques-
tionsmight have encouraged students to focus on retention skills instead of on transfer
skills.

27.4 Association of the Design Thinking Activity
Instructions and Cognitive Processes

This study identifies the instructions of IISC design activities and the underlying
cognitive process. Authors have distinguished a total of 52 different instructions
covering all steps of IISC design thinking process which are used by a learner while
performing design activities. For the consistency and reliability, two authors have
comprehended the definitions and examples of the cognitive process dimensions
of revised Bloom’s taxonomy, and based on their understanding, they have tagged
each design instruction with the cognitive process and category independently. The
similarity report has been made with the percentage agreement of 81% as a result.

The document was made where the definition of each cognitive process is given
along with the example of design activity instruction. The example of each process
is shown in Table 27.3.

27.4.1 Results and Inferences

Association of instructions of IISC design thinking activities and cognitive processes
shows that out of 19, a total of 17 cognitive processes are mentioned in the Table
27.3 which covers all the six cognitive categories (Fig. 27.3). A significant number
of instructions cover the higher level of cognitive categories like analyze, evaluate,
and apply (Table 27.4).

Moreover, while mapping the instructions with cognitive processes, authors have
identified that:

Some instructions may associate with more than one cognitive process, and
one process usually occurs in conjunction with other processes, e.g., making an
analogy from any event/object is associated with comparing and inferring along
with implementing.

Though exemplifying and inferring processes are not tabulated, they are inher-
ently present in some of the instructions. For example, while observing any
process/person/object in a given habitat, one may anticipate the possibility of occur-
rence of a problem. The process of predicting a problem is nothing but inferring.
Thus, those instructions are implicitly associated with the inferring process.

As there are specific cognitive processes underlying the instructions which help
in generating design outcomes, the design thinking steps do not only help to produce
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Fig. 27.3 Design thinking instructions and associated cognitive processes and categories

Table 27.4 Percentage of instructions of design thinking activities that cover different cognitive
categories

Category Remember Understand Apply Analyze Evaluate Create

Percentage of instructions 13 27 8 27 15 10

outcomes that lead to a solution of the given problem but also can be used as a tool for
fostering different cognitive processes. Also, from the above discussion, we can say
that IISC design thinking process allows students to get engaged in different activities
that contain instructions of a higher level of cognitive processes. Performing which
learners may improve their higher-order cognitive processes and these processes can
lead to the development of skills which are requisite for the twenty-first-century
workforce.

27.5 Conclusion and Future Work

An attempt has been made to examine educational opportunities in India. This has
been done by analyzing the last five years of the CBSE board science question
papers and classifying them into cognitive categories defined by the revised Bloom’s
taxonomy. The results suggest that the test questions put a heavy emphasis on the
retention abilities and do not demand higher levels of cognitive categories which
may lead to the lack of development of skills like critical thinking, creativity and
complex problem-solving.
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The same taxonomy was used to identify the association between instructions
which are used in performing IISC design thinking activities and the cognitive
processes. The results show that attaining instructionswhile performing design activ-
ities enables most of the cognitive processes and cover all six cognitive categories,
which can lead to the development of skills. Given that students need to develop
higher-level cognitive processes to be competent, design thinking seems well suited
to prepare a twenty-first-century workforce. Therefore, teaching design thinking
should be an essential component of K-12 education system in India.

However, thework is still preliminary in thatwhile overall results are encouraging,
there is a scope of covering more instructions which are present in IISC design
thinking process. In addition, the presence of the cognitive processes can be identified
by carefully observing and studying the learners’ activities while they are solving
design problems. Also, observation of these cognitive processes may also help in the
evaluation of the learners’ performance and corrective feedback.

The above results, even though found in the context of school education, are
likely to be similar to those in regular engineering and other graduate-level education
in India, where rote learning and descriptive content dominate. These will have a
consequent impact on the workforce.
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Chapter 28
Problem-Based Learning (PBL)
in Undergraduate Education: Design
Thinking to Redesign Courses
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Venkata S. K. Delhi, Jan Carel Diehl, Ellen van Andel, Andrius Jurelionis,
Laura Stasiuliene, Luis De Jussilainen Costa, and Riina Subra

Abstract Problem-based learning (PBL) has profound implications on the moti-
vations of the student to learn and is known to help develop critical thinking,
complex problem-solving, self-learning, collaboration and communication skills,
thereby enabling fresh graduates to be industry-ready. However, most institutes of
higher education in South Asia offering undergraduate programmes have instruc-
tional and didactic pedagogical systems. The Erasmus + project, ‘Strengthening
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Problem-based Learning in South Asian Universities’ (PBL South Asia) aims to
build capacity of the SouthAsian partner institutes by collaboratively developing best
practices in PBL for undergraduate education, bringing expertise and experience of
peers from across Europe and India. Therefore, to gain benefits of the PBL approach,
the redesign of existing courses was undertaken and the novel strategy of conducting
a Design Thinking workshop to do so, was engaged. During the five-day workshop,
faculties from the institutes in Nepal and Bhutan, who are most well aware of the
challenges, shortcomings and strengths of their curriculum, were mentored step-by-
step, by their Indian and European peers, who have more experience in delivering
PBL courses. Backed by the strategy of Design Thinking, the complex problem-
solving activity of course design was addressed systematically, and the five institutes
proposed redesigned courses which are currently in the process of implementation.

28.1 Introduction

India, Nepal and Bhutan share a common history with respect to modern education
practices and have a similar institutional and curricular construct for undergrad-
uate, technical programmes. Graduate programmes are offered either on univer-
sity campuses or in affiliated colleges, and a national-level body usually oversees
curriculum development on technical education, such as All India Council for Tech-
nical Education (AICTE) in India and Nepal Engineering Council (NEC) in Nepal.
Though the evaluation schemes may vary, the overall assessment is conducted as a
common examination across all colleges affiliated to a university. A survey across
South Asian universities revealed that the undergraduate curricula are predominantly
instructional and not adequately hands-on due to several constraints, such as

• University-directed lesson plans with heavy syllabi to cover and restricted time
for practical activities;

• A fewer number of co-instructors to guide in practical, real-world issues that can
be addressed in courses;

• Dearth of motivation in students to self-learn and innovate during the stipulated
practical hours within a course;

• Poor critical-thinking ability due to a general lack of awareness on sustainable
development goals and their local implications in the students;

• Fewer collaborations in these courses and
• Poor communication skills.

Literature corroborates that in traditional engineering education [1]:

– Programs are content-driven instead of need-driven and do not provide sufficient
design experiences to students.

– Students lack communication skills and teamwork experience, as well as
awareness about social, environmental, economic and legal issues.
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– Faculties lack practical experience and are not able to adequately relate theory
to practice or provide design experiences, having outdated teaching and learning
strategies.

Therefore, to address the above shortcomings and constraints, the introduction of
problem-based learning (PBL) as a pedagogical approach is proposed as it is known
to support the development of specific skills, such as critical thinking; complex
problem solving, self-learning, due to increased motivation and engagement; collab-
oration and people management and communication [2] and can be implemented
without altering the existing course content that is approved by the governing body
or university.

This paper presents the unique proposition of using a ‘Design Thinking’ process
to guide the redesign of existing courses into PBL courses.

28.2 Literature Review

28.2.1 Design Thinking

‘DesignThinking’, as a descriptivemodel of creative problem-solving, has its roots in
architecture and industrial design practice [3]. It is defined as a cognitive process [4]
of identifying and resolving ‘wicked’ or ill-defined problems through iterative stages
and activities. Literature notes that this approach is viewed through various lenses,
from being a process of reflective practice to being a systematic problem-solving
methodology.

Stanford’s d.school Design Thinking process [5] and IDEO human-centred
design model [6] are among the most renowned, entailing five nonlinear activi-
ties, namelyEmpathize—Define—Ideate—Prototype—Test. These twomodels stem
from human-centred design principles, whereas several other systematic design
approaches, such as Cross [4], Pahl and Bietz [7], Hubka and Eder [8], Dieter and
Schmidt [9], Eppinger and Ulrich [10] are prevalent in engineering practice. The
latter models propose stage-wise progression from problem identification to concept
selection, supported by severalmethods and tools.While eachmodel has its relevance
depending on the problem at hand, they may be broadly described by the following
four steps [11]:

• Step 1: Identification of requirements generated and clarified against needs,
through observations, interviews, role-play, stakeholder analysis and checklists;

• Step 2: Ideation of solutions through creative methods such as brainstorming and
SCAMPER;

• Step 3: Consolidation of solutions into feasible solutions through for example
TRIZ and morphological chart method and
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• Step 4: Selection of the most promising solution as concept from among all other
alternatives, upon evaluation bymethods such as weighted objectives and concept
selection methods.

28.2.2 Problem-Based Learning (PBL)

Problem-based learning (PBL) is an ‘instructional (and curricular) learner-centred
approach that empowers learners to conduct research, integrate theory and practice
and apply knowledge and skills to develop a viable solution to a defined problem’
[12]. This method was developed and implemented in McMaster University around
1965 and is based on the theory that learning is a process in which the learner
actively constructs knowledge [13]. It is defined as a ‘focused, experiential learning
organized around the investigation and resolution of messy, real-world problems’
[14] in which students learn through ‘facilitated problem-solving that centres on a
complex problem that does not have a single correct answer’ [15].

Six core characteristics of PBL [16] are identified as follows:

1. Learning is student-centred: Students take responsibility for their own learning,
identify the knowledge that is required to learn and determine the way/resources
to get information by themselves.

2. Learning occurs in small student groups: A group generally consists of five
to nine students who work together along with a tutor. Students share their
knowledge and learn from others, and learning happens in collaboration.

3. Teachers are facilitators or guides: Tutor asks students typically questions to
better understand and manage the problem.

4. Problems form the organizing focus and stimulus for learning: Problems repre-
sent the challenges students will face in real life and provide the relevance and
motivation for learning. Students realize what they will need to learn in order
to solve the problem.

5. Problems are a vehicle for the development of problem-solving skills: The
problem format is in the same way that it occurs in the real world (ill-structured,
complex) which allow students to inquire the problem deeper. The students do
not restrict to a single subject; instead, they focus on integrating information
from many disciplines.

6. New information is acquired through self-directed learning: The students are
expected to learn from the world’s knowledge and accumulated expertise by
virtue of their own study and research.

There are many variants of PBL as it can be modified according to domain or
subject, individual course requirements or institute traditions, and can be imple-
mented at a chapter level, course level or even curriculum level. Broadly, every
variant has two phases, namely a collaborative-learning phase and a self-directed
learning phase. A single phase alone has insufficient impact on learning in PBL [17].
An exemplary PBL structure is given below:
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• The PBL process starts with an ill-defined, real-life problem formulated by
tutor/teacher.

• Students in small groups start analysing the given problem systematically and try
to reach a consensus on the meaning or implication of the problem based on the
terms and concepts of the domain, subject or topic.

• Next, they construct a tentative theory explaining the phenomena or events
described in the problem-at-hand in terms of its underlying principles or mech-
anisms and identify the facts that they already know and what they require to
know in order to solve the problem. Thus, learning issues for individual study are
formulated. These learning issues usually consist of questions arising from the
discussions.

• Students search and evaluate resources which can be useful to learn problem
domain and pursue these issues through individual, self-directed learning usually
using a variety of resources: books, articles, movies and Internet sites, where tutor
scaffolding takes place.

• Students return to their tutorial group, review and share what they have learned,
propose the solution and elaborate on different aspects of it. Together they discuss
and explore the extent to which the students understanding of the problem have
developed and whether misconceptions remain that need to be addressed.

• Students self-evaluate and evaluate others in the group (peer evaluation).

Curriculum-wide PBL implementation and single-course PBL implementation
show similar findings according to earlier studies [17, 18]. PBL has been found to
have profound implications on the motivations of the student to learn, stating that
‘the freedom to select their (students) own resources to answer the learning issues
gives them ownership over their learning’, [19] and the onus of ensuring retained
motivation falls on the shoulders of the students as peer–teacher [20]. The role of
the mentor is to assure the students and allow constructive discussion while not
interferingwith the process. The teacher or tutormay also be thementor.However, the
key responsibilities of the tutor are formulating a contextually appropriate problem
and facilitating the learning by helping students manage metacognitive activities by
providing ‘triggers’.

Thekey element drivingPBL is the ‘problem’. It guides self-learning andproblem-
solving and, in turn, develops the other critical skills. Subject or topical problems and
learning objectives for a domainmaybe considered universal and are well-structured,
less complex and domain-specific. However, ‘real-world’ problems are ill-structured,
more complex and cover knowledge of multiple domains [21], and its context is
subjectively unique to South Asia. Consequently, borrowing of existing courses
and their defined problems from European curricula would not be appropriate. The
revised literature also states that different cognitive skills are required to solve well-
structured or classroom problems versus ill-structured or real-life problems [22],
thereby reflecting that it is inadequate for students to merely be able to solve class-
room problems as it has little to no bearing on their abilities for post-undergraduate
studies.

The two critical attributes of a ‘problem’ are as follows [22]:
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1. A problemmust be an unknown entity in some situation (the difference between
a goal state and a current state) varying from algorithmic math problems to
complex societal problems, such as violence in the schools.

2. Finding or solving for the unknown must have some social, cultural or
intellectual value, i.e. someone believes that it is worth finding the unknown.

Problem complexity is defined by the number of issues, functions or variables
involved in the problem; the degree of connectivity among those properties; the
type of functional relationships among those properties and the stability among the
properties of the problem over time [23]. Problem statement may be formulated
with respect to general guidelines in the form of a checklist [24] or criteria identi-
fied for constructing problem [25]. Therefore, formulating contextually appropriate
problems for South Asian undergraduate students is important.

28.3 Descriptive Study—Redesigning Courses with Design
Thinking

A five-day workshop was conducted at the Indian Institute of Science (IISc), Banga-
lore, with the intent to redesign existing courses into PBL courses, to be implemented
in the partnering universities of Nepal and Bhutan for the final year undergraduate
students.

28.3.1 Methodology

The workshop had 24 participants comprising 12 faculties from the five South Asian
partner universities in Nepal and Bhutan as the key course designers, supported by
12 faculty and research associates from the Indian and European Universities.

Four teams were devised (Table 28.1), based on two factors—(1) status of insti-
tute: (S1) autonomous or (S2) affiliated; and (i2) intervention sought: (i1) process
and PBL methodology focus; (i2) domain and technical focus and (i3) Soft skill
focus. While the status of the institute reflects the ability of the institute to imple-
ment the proposed redesigned PBL course, the three broad areas of focus for course
development were clarified from previous surveys and need assessments. The four
teams were as follows.

Table 28.1 Team composition

(i1) Process and
Methodology focus

(i2) Domain and Technical
focus

(i3) Soft skill focus

(S1) Autonomous Team 1 Team 3

(S2) Affiliated Team 2 Team 4
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Theworkshopwas planned, such that each daywould emulate a stage of the design
process, as elucidated by the Design Thinking steps discussed above and, in turn, had
(1) tutoring sessions, where the specific design stage and its methods were taught to
support the course redesigning task, as well as for further dissemination during the
course; (2) collaborative-learning sessions, where each team consisting of the ‘course
designers’ and mentors co-created the solution. Apart from this, expert practitioners
of PBL presented cases and examples of PBL course or curricula implementation in
India and Europe. At the same time, self-learning sessions were encouraged prior to
or during the off hours of the workshop.

The program for the workshop was as follows:
Day 1—Team building
Day 2—Identification/exploration
Day 3—Conceptualisation/ideation
Day 4—Consolidation/discussion
Day 5—Selection/reflection and presentation.
The teams were provided with a template for ‘proposal of a new course/PBL

course adaptation’. It provided an overall guideline for development and implemen-
tation of each proposed course and highlighted the essential elements that need to be
addressed, apart from the individual requirement of each course and syllabus.

28.3.2 Results

On the final day of the workshop, the teams presented their proposed ‘solutions’ for
each of the focus areas and drew discussions, reflections and insights to conceptualize
institute-specific, redesign of their course with adoption of the PBL approach. An
example of such a proposal, detailed with respect to the provided template, is given
below.

28.3.2.1 Current Course Description and Justification for Change

This course will teach additional practical skills related to integrated circuit building
(including the prototyping of the printed circuit board and integrated circuit) and
knowledge of scale integration that are currently missing in the existing course.
These missing skills, along with the recent course, will be taught by using PBL
methods.
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28.3.2.2 Problem Identification

Overview of the Intervention needed is as Follows

Aim: To change the conventional passive learning into active, problem-based
learning.

1. Course to be redesigned: Integrated Digital Electronics (Credits: 3) Level:
B.Eng., 3rd Year, 1st Sem

2. Course Objective: To impart knowledge different types of Logic Gates,Memory
and Switching Systems and apply the same through PBL approach.

3. Duration: One Semester, 15 weeks
4. Learning Outcomes: On course completion, students should be able to:

(a) Develop different digital logic gates using semi-conductor components.
(b) Analyse, design, simulate and implement digital logic circuits.
(c) Classify and compare different gates in terms of operation and perfor-

mance.
(d) Classify different semiconductor memories.
(e) Acquire the knowledge to address real-life applications of digital logic

gates.

5. Learning Objectives: Students must be capable of:

(a) Independently managing a project;
(b) Solving real-life problems using digital logic gates/electronics;
(c) Critically thinking to identify and assess complex problems;
(d) Working in teams collaboratively, manage projects and people, show

leadership; and
(e) Communicating one’s ideas and concepts with clarity.

The Formulated List of Requirements Are Below

1. Course must have the following PBL course elements and ensure that the time
is adequately planned:

(a) Lecture (L) delivery time
(b) Tutorial (T ) time for mentoring/facilitating time
(c) Students’ group/self-learning time
(d) Students’ collaboration time
(e) Communication time—presentations (Pr)

2. Course must imbibe PBL through several ‘triggers’ and ‘methods’ that aid the
process.

3. Course Plan must have the stipulated minimum number of hours per week, as
per University:

(a) 3 h/week—Lectures (L) or Tutorials (T )
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(b) 1 h/week—Presentation (Pr)
(c) 1 h/week—Lab for prototyping (P), or Field visit (F)

4. Internal Evaluation Scheme is required, with the consultation of the department,
as final exam will be conducted as per University.

5. Availability and access to dedicated Team workspace/prototyping space.

28.3.2.3 Ideation and Solution Consolidation

Teams used several ideation techniques to generate various sub-solutionswith respect
to the requirements identified earlier and consolidated the same into solution variants
(Tables 28.2 and 28.3).

Table 28.2 Activities and skills for each PBL course elements

Course elements

L: Lecture T: Tutorial P: Practical F: Fieldwork Pr: Presentation

Lecture
delivery

Assignment mentorship Simulation Industry visit Presentation/communication

Question
answer
session

Analytical thinking and
self-learning

Testing Survey Data
collection

Report writing/collaboration

Group
discussion/
collaboration

Problem finding/
identification

Prototyping Problem
reformulation

Evaluation (by instructor)

problem-solving/ideation Solution
validation

Feedback (from instructor,
mentor, peer)

Feedback

Table 28.3 Mapping of PBL course elements to each chapter/unit of course

Chapter/Unit Topic/Course details L T P F Pr

1 Review of BJT and MOS ✔ ✔ ✔

2 Resistor–transistor logic (RTL) and
integrated–injection logic (IIL)

✔ ✔ ✔ ✔ ✔

3 Diode–transistor logic (DTL) ✔ ✔ ✔ ✔

4 Transistor–transistor logic (TTL) ✔ ✔ ✔ ✔

5 Emitter–couple logic (ECL) ✔ ✔ ✔ ✔ ✔

6 NMOS and CMOS logic ✔ ✔

7 Comparison of logic families ✔ ✔

8 Memories ✔ ✔ ✔

9 Switches

L stands for ‘lecture’, for T stands for ‘tutorial’, P stands for ‘practical’, F stands for ‘fieldwork’,
and Pr stands for ‘presentation’
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Table 28.4 Proposal for internal evaluation scheme

Attendance Scheduled test Laboratory test Presentation Report Prototyping/ Total

5 10 5 10 5 + 5 10 50

28.3.2.4 Concept: Selection of the Most Promising Solution

Teams evaluated the solution variants and selected the most promising as ‘concept’
to further detail, as described in Tables 28.4 and 28.5.

Table 28.5 Week-wise course plan

Week PBL tasks Roles and responsibility Notes

1 Course introduction,
orientation of teaching
methodology, timeline,
evaluation criteria

Instructor Introducing PBL

2–4 Lecture delivery,
laboratory work,
problem identification
and analysis

Instructor and supporting
laboratory staff

Classroom and laboratory
activities

5–6 Case preparation/field
visit followed by
presentation and
preliminary report
submission

Instructor, mentor and
supporting staff

Group formation, literature
review, domain
identification, field visit

7–9 Problem-solving
assignments, group
discussion, lectures,
laboratory works and
mentoring

Instructor, mentor and
supporting laboratory staff

Brainstorming, classroom
and laboratory activities

9 Mid-term presentation
/assignment evaluation

Instructor, mentor Group discussion, feedback
collection

10 Incorporating the
feedback and
generating final
outcome

Students Modification, prototyping

11 Deliverables Students Prototyping, assignment
submission

12 Deliverables Students Final presentation and report
submission

13–14 Preparation week Student

15 Final assessment,
university examination

Student
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28.3.3 Discussions

The proposed courses were conceptualized through a systematic approach and miti-
gated the conflicts between current practice, university demands and the unorthodox
approach of PBL. The resulting course plans and evaluation schemes mapped onto
the PBL methodology elements were selected upon extensive discussion and evalu-
ation with the mentors/ course co-creators from the other partner universities, from
India and Europe, with expertise and experience in PBL.

28.4 Summary, Conclusions and Discussions

Problem-based learning is a pedagogical approach where students pursue self-
learning of a subject or domain, driven by real-world problems. This approach is
reported to be effective in inculcating hard and soft skills needed to be industry-
ready. However, present undergraduate programs in South Asia are instructional and
content-heavy, thereby requiring redesign to incorporate PBL methodology. Design
Thinking, a creative approach towards problem finding and solving, is employed
during a five-day workshop to guide the redesign process and develop a course
proposal for each of the participating institutes of Nepal and Bhutan, mentored by
Indian and European partner universities. The use of Design Thinking allowed the
faculty course designers to identify several issues from different perspectives, ideate
large number of solutions, consolidate them into viable solutions and select the most
promising one to further detail. At present, these proposals are being implemented
at the home institutes and gathering feedback is in progress.
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Chapter 29
Reinventing Design Education
for Twenty-First Century

Madhura Yadav

Abstract Design is everywhere and an integral part of our lives. It is a passion for
our ‘feel-good factor’ adding excellence and efficiency in our activities. Increasing
complexity has made design education more challenging. In the process of develop-
ment, design extended into various disciplines like architecture, planning, fashion,
textiles, graphics, visual communications, fine arts, interiors, multimedia, and
jewelry. All these design disciplines have design principles common in them, but
attributes change as per the discipline. These disciplines mark their presence inde-
pendently and have been consistently synergizing each other to create a newer vision.
There has been aneed for reinventingdesign education.An interdisciplinary approach
in design is vital for excellence and furtherance of know-how in alliedfields. Tobridge
the distance between the disciplines, we have been developing a design education
model at Manipal University Jaipur (MUJ). The paper will evaluate the model of
design education and give recommendations.

29.1 Introduction

Design education in India has developed over the years and is booming. The number
of design aspirants in India is increasing every year. As per the UK-India British
council report, the potential market for design in India is expected to be INR 188.32
billion (Charles and Ray Eames, n.d.) (GBP 1.43 billion). Only a fifth of the design
market has been tapped [8].As per the report byEY-FICCI and India higher education
report, this structural shift in employment will increase demand for designers and
thinkers who can thrive in a globally connected and dynamic economy [11]. Design
institutions must take these challenges to prepare such professionals.

Design education today is far more complex and challenging. Design is every-
where around us and designs have a significant impact on our lives and vice versa.
Design is the creation of an object with a holistic approach that fit societal needs.
A holistic approach is putting all the attributes together in harmony. Design is a
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multidisciplinary field; it has arts, humanities, social, physical, biological, behav-
ioral sciences, engineering, and business [3]. Design can lead because it cuts across
all disciplines.

Design education is both subjective and objective. The objective requirements are
easier to comprehend. The technical and business requirements allow for measure-
ment and direct comparison. Design education is complex because of its subjec-
tivity, creative side of design that is hardest to explain and most challenging for most
people to understand. The problem is given to the class; each student will come up
with different solutions. Each student requires individual attention to develop his/her
design. The process of imparting education is based on data, graphics/images/visuals.
To boost the student’s thinking, various points of view about his/her design are given
by different teachers.

In traditional design pedagogy, designers were trained in form, function, mate-
rials, and aesthetics. However, new societal challenges, cultural values, and tech-
nological advancements require new skills. Design today is more human-centered,
assuring that people and technology work harmoniously as collaborative players. In
today’s context, understanding global issues such as economic, cultural, political,
environmental, and technological is essential. To meet the challenge requirement
of the twenty-first century, education in design needs to change. It needs better
tools, methods, theory, data, analytical techniques, and understanding of how art
and science, technology, people, theory, and practice can intermingle effectively and
productively.

The traditional teaching method is teacher-centric; it is focused primarily on
making a course plan, lesson plan and then delivering as per the lesson plan. It
needs to focus on student centric.

In response to this problem, the paper focuses on identifying challenges and
solving them through design curriculum, pedagogy, etc., for the all-inclusive growth
of a student, which will help to become versatile professionals who can thrive
in today’s market with a strong sense of leadership, creativity, curiosity, and
entrepreneurship.

29.2 Methodology

This paper is based on secondary data through literature review, interviews with
experts in design education for last three decades and authors experiences.

29.3 Overview of Design Education

The concept of design education evolved from an exhibition of goods made world-
wide at Crystal Palace London in 1851. The first School of Art, Sir J.J. School
of Art Mumbai, India, was founded in March 1857. The school started decorative
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painting, modeling, ornamental wrought ironwork, art, and craft. In the later period,
architecture and applied arts were added. The Central School of Arts and Crafts was
established in London in 1896. ArthurWesleyDeveloped an institutional approach to
art education in 1906, whereas WilliamMorris and Georgia O’Keeffe Denman Ross
developed an academic approach to design education in the 1910s. Architect Walter
Gropius opened Bauhaus in 1919 in Germany [4]. This school combined crafts and
fine arts and was famous for designing based on the most fundamental principle
of the Bauhaus being Form Follows Function. The school emphasized intellectual,
theoretical pursuits, combined with practical skills, crafts, and techniques. Craft and
Fine Art were brought together to problem-solve for a modern industrial society.

Design institutions were opened in the USA, the UK, and Italy. A brief overview
of these renowned institutions is summarized as below.

29.3.1 United States of America

Parson School of design is the number one design school in the USA and among the
top three globally. For more than a century, Parsons has been inspired by the trans-
formative potential of design. The school emphasizes interdisciplinary that affords
designers the broad design perspective, transdisciplinary design, the business design,
the business of design, the core questions of the environment and sustainability, or
design itself, advancing art and design and renewing their relevance in the world
to creating reflective, resourceful, and responsible designers to address city life’s
challenges through art and design.

29.3.2 United Kingdom

Design and innovation are critical to the UK, reaching its economic goals. Reigniting
the enterprise economy, commercializing science, and technology, and embedding
innovation in the public sector. Design education is focused on multidisciplinary
courses, working with business schools to develop business skills, science, tech-
nology faculties to broaden the knowledge and engineering courses to understand
manufacturing and engineering to better prepare tomorrow’s design graduates for
working in the industry.

29.3.3 Italy

The artistic spirit and outstanding design education in Italy is well known throughout
the world. Design education integrates design disciplines art, architecture with
technological (engineering and information technology-based), and management



364 M. Yadav

(economics linked) disciplines. It focuses on innovative, experimental development
that responds to contemporary society’s real market needs. Research constitutes a
parallel path that is formed by cooperation and alliances with the industrial system.

All these renowned schools emphasized an interdisciplinary, multidisciplinary
and transdisciplinary approach to design education.

29.4 Design Education in India

India did not have formal, systematic, or specialized education in the field of design,
from ancient time, it was indeed practiced as a trade and a craft passing down the
Knowledge and the tricks of the trade from master craftsman to the apprentice,
fostering learning by doing approach but not as a profession [4]. The first School of
Art, Sir J.J. School of Art Mumbai, India, was founded in March 1857; the School
started its journey from drawing, decorative painting, modeling, ornamental wrought
ironwork, art and craft and in a later period, architecture and applied arts was also
added. After examining many great design pedagogies worldwide, especially that of
the Bauhaus, the National Institute of Design was established in India. NID’s ethos,
philosophy, teaching methodology, and curriculum were developed. An essential
addition was a science and liberal arts program to integrate humanities into the
inculcation of professional design skills, thus forming a robust human-centered basis
for design. After NID, many institutions have started offering design education in
India. Education has become the greatest commercial industry. Institutions have
become a factory to produce the bulk of professionals and facing many challenges.

29.5 Model of Design Education at MUJ

Design education is a fast-developing area. MUJ intends to nurture it as one of its
core strengths and established ‘Faculty of Design’ with a mission to become the
most preferred global destination in design education and research for students,
researchers, faculty, collaborators, promoters, investors and developers. The Faculty
of Design (FoD) is moving fast in research studies and is expanding its horizon
to explore, accommodate, and accelerate the prospects of experimental as well as
theoretical research in design studies. All programs are devoted to education and
research in architecture, planning, fashion, and fine arts.

These four schools are devoted to education and research in architecture, planning,
fashion, interior design, jewelry design and fine arts. All these design disciplines have
design principles common in them, but attributes change as per the discipline. These
four schools are synergizing each other in education and research. Faculty members
are taking classes as per their expertise, e.g., fashion design faculty members take
classes in architecture and other programs to teach color theory. Faculty from fine
arts is taking classes for sketching and rendering. Faculty from jewelry design is
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taking classes for three-dimensional modeling. We are exchanging faculty across
all programs and promoting interdisciplinary research. Study tours are joint. We
promote vertical studios across all programs of FoD.

This model is working fine, and our students are becoming versatile design
professionals. Sharing the faculty members has resulted in the economy also for
the institution.

29.6 Challenges in Design Education

Universities are currently educating designers in similar ways as they have done in
the past decades. There are many challenges in design education.

1. There are two similar streams, one with professional graduated from institu-
tions and others with skills that came as a tradition. However, these two worlds
continued to run parallel and could not help each other. There is a gap between
these two streams.

2. As per the survey conducted from Industry, it is observed that students are not
prepared to handle the task of handling clients. Design schools do not train
students about complex issues such as behavioral sciences including business.

3. All students might not practice as designers in the industry and may work as
academicians, researchers, journalists, etc. The curriculum is the same for all
and not addressing the versatility of students.

4. The computer is becoming a misused tool. Copy paste culture has reduced
analytical thinking.

5. Inadequate and poorly designed learning environments with only quantitative
aspects of the area but no norms for quality of space hamper effective teaching
and learning.

6. Currently, very few institutions are collaborating with national and international
design institutions. Indian degrees are not at par with other degrees with global
standards. Many Indian students have to appear for exams to get the license to
practice in other countries.

7. Presently, research is emerging in design institutions, but interdisciplinary and
integrated approach is missing [6].

8. COVID19 is affecting design education aswell. Thus, there has to be a paradigm
shift in the thought process of business. The requirements of the design industry
are to respond.

9. Facultymembers are not fully equipped and trained for conducting online design
education. This is to be addressed.



366 M. Yadav

29.7 Discussion

To solve these challenges, the following factors play a crucial role in shaping design
education.

• Curriculum
• Pedagogy
• Built environment
• Teachers
• Research

29.7.1 Curriculum

The curriculum is pivotal for any educational institution. How much to teach? How
long to teach? What parts of teaching are to be emphasized? What should be the
correlation contribution of design and related subjects to the ‘other’ issues? These are
the questions that belong to the sphere of the curriculum. Considering sociocultural
and developmental factors in India, innovations should be made in the curriculum. It
is not the curriculum, but space it provides the student for learning and broadening
their horizons.

29.7.2 Pedagogy

Pedagogy is significant to any education because it is what makes the action take
place. The teacher and student get simultaneously engaged in the business of learning.
How to teach? How much practical compared with the theoretical inputs/exercises,
how to motivate, how to evaluate, etc., are the issues that pertain to pedagogy. Educa-
tion aims to create teaching and learning environments that would bring about desired
changes in learners, be more knowledgeable, better skilled, or influence their atti-
tudes and values positively. The essence of learning and teaching is to plan teaching
events (contents, strategies, etc.) and ascertain the learners have acquired the intended
competences. Thus, the curriculum is more content-based, whereas the pedagogy is
process-based.

29.7.3 Built Environment

Built environment plays an important role in enabling the teaching and learning
process. The environment is part of the learning experience, and buildings need to
be silent teachers.
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29.7.4 Teachers

Teachers are the backbone of any education system. They should become rolemodels
for the students. They should not only be teaching from books but lead the students
on all fronts. The interest in the subject depends upon the teacher who teaches the
subject. Every student has the potential; faculties should help them to explore.

29.7.5 Research

The design profession is demanding interdisciplinary skills and relationships in
research. We must logically, organizationally, and strategically meet this challenge
as design continues to evolve into an integral part of our lives and society.

29.8 Recommendations

After discussing the challenges, following recommendations are given for design
education at different levels.

1. The curriculum should emphasize on newer areas. The old drawing and
sketching skills, forming, and molding must be supplemented and, in many
cases, replaced by skills in programming, interaction, and human cognition [2].
Rapid prototyping is required, which also means some knowledge of the social
and behavioral sciences of statistics, economics, and experimental design so
that designers can performvalid, legitimate tests of their ideas before deploying
them [7].

2. Open elective courses and choice-based credit system should be introduced
for transdisciplinary learning and to address versatility of students. Integrated
degrees should be proposed.

3. Design institutions require spaces which fosters creativity and clusters of
facilities offering a variety of options for students to work in different ways,
increasing the ability for teachers to adopt different instructional approaches.
Changes need efforts to overcome the separation of ‘formal’ learning environ-
ments such as classrooms, libraries, and laboratories, on the one hand, and,
on the other, ‘informal’ social spaces such as cafeterias and student lounges
and transition spaces [5]. The attention should be on the quality of spaces with
physical, visual, and thermal comfort and not only on the number of spaces
with prescribed areas.

4. Human resource management including evolving long-term human resource
plan, programs of skill upgradation of faculty members, professionalizing
R&Dmanagement, and support functions through training is to be undertaken.
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5. Educational institutions should focus on critical thinking as well as skills to
fill the gap between professional and skill-based fields. If this gap is filled up,
then our country can be the manufacturing sector in the world and designers
can become entrepreneurs

6. Organizational transformation is to be undertaken with respect to: Shared
visioning and formulation of detailed action plan is needed for developing
strong identification with the vision and mission of institute. Ownership
building and initiation of improvement projects for institutionalization of
culture of continuous improvement and employee involvement. Periodic
review to monitor the change for a motivated workforce.

7. Creating and enabling infrastructure state-of-the-art research and develop-
ment infrastructure, research and developmentmanagement structures,Bench-
marking as per international levels, generation of database and networking,
effective communication—external and internal channels, making design
institute a better place to work and live.

8. Strengthening and nurturing linkages with industry, sister institutions,
academic institutions and centers of excellence, financial institutions, govern-
ment organizations [10], user organizations, and individuals and other institu-
tions

9. Skill development of faculty for diverse aspects of business development and
marketing activities with the help of professional organizations, Creation of
marketing outlets, synergies, the business development of design institutions
with professional organizations Institution should act as a resource laboratory
for other organisations to evaluate, select, transfer and value addition of R&D
and technology inputs in the field of Design

10. External cash flow utilizing existing strengths, promoting yearly advisory
contracts, promoting partnership with service industries, working out niche
areas, Steps should be taken for self-sustainability Employment focus should
be on life skills, analytical skills, technical skills (crisp and clear-unambiguous
communication) and development of value systems.

11. Based on emerging societal/industrial needs and markets, an integrated
research in design approach amalgamatesmultidisciplinary stakeholders from
the beginning and guides them through the entire process. In doing so, it
encourages organizations to own the research into their customers and builds
customer empathy. It gives organizations the tools tomake sense of the research
and generate insights. It facilitates turning these insights into solutions that can
be tested with customers. Research is co-owned by a multidisciplinary core
stakeholder team. The research brief and plan should be created with multidis-
ciplinary stakeholders. Inter-research tools should be co-created and capture
insights. As the pace in a global economy increases, clients move away from
multiple-source providers and seek out single-source, turnkey providers. To
bridge the distance between the disciplines, it is time to review its instruc-
tional pedagogy and the inherent value of an understanding and exploring
related disciplines. Interdisciplinary research in the field ofDesign is vital for
excellence and furtherance of know-how in their fields. World-class database
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should be developed as a part of the institutional database. All the work
will be available on networked computers to foster interpersonal and inter-
groups communication. The concept of INTERDEPENDENCE rather than
INDEPENDENCE should be pursued.

12. Development of virtual reality laboratory for simulation studies particularly
in the field of design research is needed. Aesthetics is one of the unquantified
aspects of design. Neural networks research is to be undertaken for quantifica-
tion of aesthetics in different design disciplines. IT (Information technology)
is to be utilized as a means of convergence of research and its implementation.
Interdisciplinary, interlaboratory, collaboration, and industrial participation.

While solving the challenges and addressing the needs of industry, we must
consider:

Speed Speed has become a way of life. We are asymptotically piling data. Speed
can be achieved with new design processes, techniques, and technology.

Technology Innovations AI andVR are just some of themany forms of technologies
that will play a key role in shaping the design of tomorrow, making it future-ready
and ushering in a new age of innovation in this.

Quality Everything is global—‘quality’ must be world-class—Design detailing
should be worked out efficiently. All significant branded designs and infrastructure
projects are given to western designers because of their quality and detailing.

Cost Cost is a very important factor. It should be affordable to all.

29.8.1 Conclusion

Education needs to be relevant—We must be self-reliant to boost our economy.
Constant experimentation and exposure to experimental work should be manda-
tory. The curriculum should emphasize on versatility of students. All students might
not practice as designers in the industry, but some will work as academicians,
researchers, journalists, etc. The design should address physically, mentally, and
socio-economically challenged people. Understanding human behavior is funda-
mental. People in human–computer interaction, cognitive engineering, and human
factors or ergonomics are usually ignorant of Design.A human-centered approach
is the key to design education and can be achieved by understanding the context,
monitoring, and mapping trends that have a far-reaching impact on the larger
society and the resulting implications on preparing design professionals. The
future of design education lies in adapting to the population’s changing needs and
promoting an innovative outlook. We need to focus on self-reliance-Atmanirbhar as
a nation. Design it, buy it, use it, appreciate it, and make others buy it and make
it sustainable.
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Chapter 30
Do Design Entrance Exams in India
Really Test Creative Aptitude?
An Analytical Study of Design Tests
Conforming Creativity Benchmarks

Nandita Bhanja Chaudhuri , Debayan Dhar ,
and Pradeep G. Yammiyavar

Abstract Design entrance exams are common nowadays for securing admission to
design schools in India, be it private or public institutes. Students are often examined
during these competitive exams to test their creative aptitude. Over the years, format
of design entrance exams in India has gone through innumerable changes. In some
formats, objective questions are preferred, in some subjective tests are conducted,
while few prefer a combination of both lack of a standardized format of testing
creativity across design schools in India, unlike engineering and medical colleges,
raises questions like (1) Do these design entrance tests really capture creativity to its
fullest? (2) Do they conform to any standardized format of creativity testing? The
study reported in this paper intends to investigate these questions by conducting a
detailed comparative study of existing entrance exam formats of Design Schools of
India. A detailed analytical approach by using affinity mapping and generating open
codes was used to classify and categorize question formats of different Indian Design
entrance exams. The open codes were then mapped with the extracted factors of the
literature review with an objective to identify the factors confirming to creativity
evaluation. The results highlight that existing entrance exam, while capturing major
factors for creativity evaluation, lacks in capturing a few essential factors that provide
greater insight into the creative instincts of an individual assessed. A model for
standardization of creativity assessment has also been suggested based on the study
results. This study would provide new light into the nature of design-based entrance
examinations in India and might lead the way toward a standardized Design entrance
exam in the future.
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30.1 Introduction

Creativity is essential for design, engineering, science, and other domains, which
often require interchanging of ideas among function, structure, and behavior of
embodiments [1–3]. It enriches the quality, value, and behavior of an idea or product
making them novel and useful [4]. Creativity acts as a backbone in the education
system and plays a significant role of catalyst in any innovation process [5]. Design
education is highly influenced by natural phenomena and diverse forms of life and
possesses a rationale to exhibit an embodiment that is novel in nature [6]. Finding
creativity through an examination is a challenge that requires understanding innova-
tive thoughts of students within a stipulated time and a limited number of questions.
Creativity in education is defined as “ imaginative activity fashioned so as to produce
outcomes that are original and of value” [7].

Like other domains, solutions of descriptive aptitude of design education exam
require showcasing student’s creativity through ideas. The questions in aptitude try
to capture creativity in students. Therefore, an effective format of question and stan-
dardization of question paper is essential in capturing creativity. However, pattern
analysis reveals evidence of inconsistent format of creativity testing in design educa-
tion. Creativity in education is composed of several indicators, which also reveal the
fact of the intensity of creativity extracted from students.

The contribution of this paper is to validate the potential to capture creativity of
design tests in India. Further, a creativity assessment model is proposed with the
rationale to standardize question paper format. The highlights of this paper are as
follows:

• To investigate whether creative aptitudes in design education captures creativity.
• To identify the types of questions in evaluating creativity in design education.
• To confirm the standardization of format in question papers for creativity testing.
• To propose a model for standardized creativity assessment.

30.2 Background Study

India is rich in art, culture, and design, but structured and systematic design education
was imparted to only a few of the schools until 2004. After this period, design schools
in India increased at an exponential rate, and reports highlight more than seventy
design institutes in the year 2016 [8, 9]. Design schools attempt to test creative skills
of students; however, each design school has its own strategy of testing creativity.
Now, a broader question emerges, i.e., is the test capable of capturing creativity
at the fullest? Creativity has various forms, such as big-creativity associated with
immense novel inventions like the invention of a steam engine; pro-creativity tends
to possess a relatively lesser degree of creativity than the big-creativity. Pro-creativity
measures the novelty of outcomes of professionals in their domain of expertise. Little-
creativity involves a lesser degree of creativity than pro-creativity and is associated
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with contributions in day-to-day life activities, whereas mini-creativity possesses
the least degree of creativity, and it is evaluated within a particular community, or
any person considers an embodiment as creative [10]. Creativity is also classified
as H-creativity or Historical creativity and P-creativity or psychological creativity
or personal creativity. H-creativity is involved in predominant creativity from the
perspective of the entire human race, whereas an idea or a solution is P-creative if it
is creative with respect to the mind of the person or the community concerned [11].
Creativity in an examination is mostly associated with mini-creativity or personal
or psychological creativity, where creativity is evaluated relative to other solutions
[12].

Extensivemethods of creativity tests are reported in the literature.Many creativity
tests lack reliability and validity in recognizing creativity, while others are not
meant to be used in the context of examination. But in examination context, experts
may decide to choose a combination of these techniques to extract creativity from
different perspectives. Literature highlights some of the creativity tests like Consen-
sual Assessment Technique (CAT) that evaluate products, art, theory, or artifacts
based on expert’s opinion [13]. Remote Associates Test (RAT) tests creativity based
on divergent thinking. It examines the degree of unrelated ideas combined to form
a coherent whole of an idea. One of the significant tests reported in literature
is the Torrance Tests of Creative Thinking (TTCT), which is similar to the tests
that are conducted for selecting students in design schools. It scrutinizes creativity
from verbal and figural perspectives. The verbal part is checked for one’s creativity
by analyzing words with which they frame narrations, whereas the figural part is
tested based on the usage of visual elements, completeness of the art, and degree of
modifiability of visual elements [14].

Some tests are related to examining creativity of children likeWallach andKogan’s
method of creativity testing, which desires to test creativity and intelligence of fifth
standard students [15]. Similarly,Getzel and Jackson’s study reveals the fact of testing
sixth-grade gifted creative students [16]. These categories of tests are associated with
testing intelligence and divergent thinking of children. However, creativity of adults
is different from creativity of children. An artifact created by children may seem
creative, but the same developed by an adult might not appear creative.

Majority of the literature focused on methods of testing creativity are mostly
for products and ideas. There is dearth of literature on testing criteria for recog-
nizing creativity of students. However, Park et al. proposed that creativity assess-
ment is composed of two categories of assessment methods—subjective assessment
and objective assessment. Experiments reveal the fact that subjective assessment
possesses higher mean and significant lesser variance than objective assessment in
capturing creativity [17]. Selection process in entrance exams in India depends on
cut-off marks. Students exceeding the cut-off marks clears the exam. Objective eval-
uation depends on the truth or falsity of the solution, whereas subjective evaluation
is based on evaluation criteria such as originality, and usefulness. Majority of find-
ings in literature are from the perspective of a general assessment of creativity of
individuals or students in day-to-day life or in classwork. However, the rationale of
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Table 30.1 Figures
demonstrating appearance of
students in national level
exam

Undergraduate level Postgraduate level

Year Exam 1 (Students
appeared)

Exam 2 (Students
appeared)

2018 11,567 5507

2019 12,414 5491

2020 12,084 5564

this article is to analyze creative tests of design entrance exams where students aspire
selection in design schools.

Many articles have highlighted evaluation of creativity in products, processes,
and people. Literature suggests that minimal investigation is performed on exam-
ining design entrance tests in India. There are numerous national level and private
design entrance tests in India. National level exams are regularized by institutes of
government bodies, whereas private tests are associated at an organizational level
[18]. Reports reveal the fact that India witnesses large-scale nationalized exams for
design education, as shown in Table 30.1. There are other national level and orga-
nizational level design entrance exams where the average student ranges between
6000 and 22,000 for each exam [19, 20]. However, these figures associated with the
appearance of students varies each year.

A highly consistent selection process is essential in order to qualify students
in these large-scale exams. Due to the large population of students participating
in exams, most of the tests associated with design education have objective and
subjective question structure. The objective part consists of questions related to
numerical answer type, multiple-choice, and multiple select questions, whereas the
subjective part contains questions associated with sketching, form sensitivity, visual
sensitivity, and problem identification that attempts to capture creativity of students
[18]. The solutions to objective questions are straightforward and based on a strict
set of options, whereas creative solutions are marked by the usefulness of ideas and
comparison of novelty relative to other solutions [1]. Subjectivity evaluation is based
on individual persuasion and is relatively complex than the objective evaluation.

Literature highlights multiple forms of creativity, creativity tests of young and
adults, design tests in India, and its question patterns. A lacuna has been investigated
from the evidence of literature that there is less focus on the procedures of capturing
creativity in the design entrance exams. There is also a lack of assurance in literature,
whether optimized creativity is captured based on all its factors and requirements of
the design schools. Further, hardly authors directed toward proposing a standardized
format of testing creativity for entrance exams in design schools. This leads to the
following research questions:

RQ1 Do design entrance tests in India really captures creativity to its fullest?
RQ2 Do design entrance tests in India conform to any standardized format of

creativity testing?
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30.3 Materials and Methods

The first experiment is designed with an intent to identify whether existing design
schools of India capture creativity to its fullest in design entrance exam. Creativity
has a wide spectrum and is composed of several parameters like novelty, useful-
ness, divergent thinking, feasibility, and elegance. An extensive literature review is
performed to extract features of creativity, and based on that, a survey is conducted
to identify acceptance and preferences of factors in capturing creativity by 71 design
professionals (n= 71) like design educators and designmanagers. A questionnaire is
framed to recognize the preferences of these factors using a Likert-type scale ranging
from 1 to 5 (1—not at all important, 2—slightly important, 3—important, 4—slightly
more important, and 5—very important). The internal consistency is reported using
Cronbach’s alpha, i.e., 0.726. The descriptive statistic of the factors is shown in
Table 30.2. The percentage of acceptances of features to capture creativity is shown
in Table 30.3.

The statistic ensures acceptability and preferences of features to capture creativity.
Further, affinity mapping is conducted to verify whether preferred features chosen
by experts during the survey to evaluate creativity is present in entrance test question
papers of design institutes. This procedure involves exposure of the question paper
and brainstorming with a group of 5 (n = 5) people possessing expertise in design
education. Based on outcomes of the brainstorming session, the rationale behind
subjective questions are drafted on the cards. Initially, cards are placed in a category
that makes any logical sense without overthinking. In the later stage, cards are re-
organized as well as added based on further logical deep thinking but without any
discussionwithin group. Header names are assigned based on the logical relationship
within a category. Finally, the categories were analyzed, and gaps were found out.
The outcomes of the survey highlighting the acceptance and preferences of factors are
mappedwith the gaps in affinitymaps. Themapping highlights points of expectations
of experts to extract creativity and gaps found from the question papers, which further
decrypts whether expected factors are predominant in the question papers to capture
creativity to the fullest or not.

A second experiment is designed to conformwhether creativity testing follows any
standardized format. Initially, five different exams associated with design education
is considered with two consecutive years of question formats. Types of questions are
identified, and further frequency of types of questions are accounted for all exams.
This evaluation exhibits the fact whether any standardized pattern is followed for
exams or not. Further, a model for creativity assessment is proposed based on the
difference in question formats in exams followed by design institutes.
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30.4 Results and Discussions

Initially, an experiment is conducted to investigate acceptances and preferences of
factors capturing creativity. This study reveals the fact that factors like novelty, useful-
ness, surprising, genesis, relevance, feasibility, divergent thinking, and elegance are
accepted by experts for capturing creativity. In this context, the features are defined as
follows—novelty is something that is new and original. A solution having a practical
usage is termed as useful. Surprise may be described as the degree of the unexpected-
ness as compared to state of the art. Genesis provides a new path of conceptualization
for novel and non-existing solutions. Relevance is the degree of which a solution
maps to its corresponding problem. Elaboration is the degree to which a solution is
well-defined. Feasibility clarifies whether a solution is applicable in the real world.
Divergent thinking is the ability to combinemultiple ideas and forma coherentwhole.
Elegance is defined as the degree to which an idea is well-formed and proportionate
[1, 21, 22]. Novelty shows less variability of data followed by relevance, divergent
thinking, usefulness, feasibility, elaboration, surprising, elegance, and genesis. Next,
affinity mapping is conducted to identify gaps, if any, in the entrance test question
papers of design institutes.

The first phase of the affinity mapping involves categorization based on different
exams that are considered in design education. The elements of categorization include
the features of creativity involved in question papers corresponding to an exam. In
the second phase, factors are further categorized based on their logical relationship.
Codes are generated from categories that are found to be similar to features that
are extracted from the literature. Next, a significant gap is identified by comparing
outcome of the survey and affinity mapping exercise (see Fig. 30.1). The findings of
the survey demonstrated the fact that there are significant factors, to be precise nine
factors that are responsible for capturing creativity with corresponding high mean
and minimum standard deviation. However, an affinity mapping exercise brings out
the fact that each of the exams possesses only a few factors that are essential to
capture creativity, and a majority of the factors are not considered. Moreover, few of
the question paper of entrance tests of design institutes also focuses only on objective
questions. It can be solved by referring to existing knowledge-base of an individual
and recalling, thereby less associated with creative outcome [17]. Therefore, it can
be concluded that exams framed with objective questions and lacking features of
creativity in subjective questions, capture creativity up to an extent, but further, there
is a chance of optimization in this process. The missing features in question papers
for capturing creativity would enable identifying additional aspects of capturing
creativity. The result of this experiment confirms the first research question that
present question pattern does not capture creativity to the fullest.

The study 1 described in previous paragraph is conducted by triangulation of
literature review, survey, statistical analysis, and affinity mapping threw light to the
extent of capturing creativity in design-based exams. The second research question
attempts to clarify whether there exists any standardization of question paper format
maintained in present examination system of design institutes. Any process, product,
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Fig. 30.1 Categorization and finding gaps

or question paper can be termed as standard if it is capable of capturing what it is
supposed to do and maintain consistency of its elements depending on an outcome.
In this study, the main highlight is to check the consistency of the types of questions
in the question paper to confirm whether standardization is maintained in creativity
testing. Literature reported the fact of the format of question paper in exams [23]
(see Fig. 30.2). This pattern is also identified in design-based exams [18], where the
main focus is on objective and subjective questions. This study is concerned with
subjective questions and specifically targeting long questions involved in capturing
creativity.

The long questions are further analyzed by affinity mapping to perceive the type
of expectations of the examiners in the solution. With a thorough scrutinizing of

Fig. 30.2 Classification of question patterns
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the questions papers by 5 (n = 5) experts, three types of solutions are identified–
(1) Text-based solutions, (2) Image-based solutions, and (3) Text-and-image-based
solutions. The types of solutions are classified corresponding to their exams. In this
experiment, five exams are considered associated with esteemed design institutes.
The insight from the affinity map is illustrated below (see Fig. 30.3).

Open codes are generated from the affinity maps illustrating the random priorities
of the types of expectations of the experts. Frequency analysis is conducted in order
to quantify the frequency of patterns of expected solutions in the subjective part of the
question paper. The x-axis represents the frequency of the expected solutions, and the
y-axis represents multiple exams of design institutes (see Fig. 30.4). The frequency
of the types of expected subjective solutions varies randomly among different exams
and over M and M + 1 years.

Fig. 30.3 Classification of expectation of solutions by experts
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Fig. 30.4 Frequency analysis of patterns in question paper of M and M + 1 years

The findings from the above analysis reveal the fact that unlike engineering and
medical exams, there is less consistency in the patterns in the question paper of design
education where the expectation of the types of the subjective solution varies each
year. However, expectation may vary over the years, but critical analysis is essential
on thepercentageof the types of problems tobegiven in the questionpaper. Therefore,
a model is proposed to assess creativity to its fullest in a standardized format (see
Fig. 30.5).

CAM—creativity assessment model is proposed based on the lacuna found out
from the multiple analytical studies reported in this paper. It is essential to iden-
tify factors that capture creativity in entrance exam of design education. Next, the
proportion of objective and/or subjective questions needs to be estimated to maintain
consistency in exam pattern. Objective questions cater to different questions patterns
such as mathematical and logical reasoning and depending on examiner’s expecta-
tions, specific category/categories of pattern is chosen. Percentage of the categories
of the questions is determined, and this process is repeated until the question format
is ready. Similarly, in subjective questions, also, there are a variety of expected solu-
tions. While a category or multiple categories are selected, the percentage of the
questions belong to those categories needs to be determined. This process repeats
until the question format is ready. The percentage of the type of questions can be
decided by experts based on the type and level of test. Type of test indicates the tests
for a specific institute or an exam conducted nationally, whereas the level of test
shows the degree of difficulty.

30.5 Conclusion

Design entrance exams aim at capturing creativity of students. Findings from liter-
ature and survey reveal the fact that creativity comprises various factors that define
multiple aspects of creativity. However, investigations based on analytical studies
report that there exists a gap in capturing creativity from students at its fullest. It
is also observed that there is hardly any standardization of question papers across
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Fig. 30.5 CAM: Creativity assessment model

design institutes. Therefore, a model is proposed that would be able to standardize
the question paper format. This study is not only applicable for Indian context but
widely applicable for universities of other countries.

Technology adoption might assist in automating the proposed framework which
in turn could check the standardization in question papers.
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Chapter 31
Innovation by Design—A New
Post-Graduate Program at SUTD

Arlindo Silva and Lucienne Blessing

Abstract Design thinking has been gaining importance in training and education
worldwide, but mostly in the form of short courses and executive education initia-
tives. Although there is enormous value in short courses and executive education,
they often lack the depth required to effectively practice the tools andmethods learned
and thus to realize design as a strategic investment for both companies and coun-
tries. The particular focus of this paper is Singapore. At the Singapore University of
Technology and Design, a newMaster of Engineering (MEng) program has been set
up to address this perceived gap in education. The MEng program in Innovation by
Design (MIbD) is a research-based program that takes design thinking and design
innovation to the level of other post-graduate programs in other areas worldwide.
The organization allows practitioners to participate part-time. Three terms into the
program, the balance is extremely positive. The program has been very well received
in several presentations to companies. It is expected that these students will either
start their own business or easily find jobs in a context that is craving for people with
this formal education: a broad view of design and the ability to implement it.

31.1 Introduction

Design has become a strategic investment for companies [1] and countries [2] alike.
The investment of Singapore in design has been tremendous in recent years. This
investment has led, among other achievements, to the recognition of SUTD as an
emergent leader in engineering education [3]. However, there is a perceived gap in
post-graduate education, which the Singapore University of Technology and Design
(SUTD) has tried to bridge with a new Master of Engineering (MEng). The MEng
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program in Innovation by Design (MIbD) is a research-based program that takes
design thinking and design innovation to the level of other post-graduate programs
in other areas worldwide. It further develops the SUTD design ethos [4, 5] into the
post-graduate level. It contains a comparatively reduced coursework load and instead
focuses on research and development projects where the tools and methods delivered
in the courses are actively used. The structure of the program is such that there are
only three compulsory full-credit courses (green and red in Fig. 31.1) and a significant
number of electives (dark blue in Fig. 31.1) that students can take to scaffold their
research work. These are complemented by three experiences/accelerators (short, no
more than one-week long workshops and seminars, spread around the first year, in
light blue in Fig. 31.1, see Sect. 31.5 for details).

The first intake of this program was in September 2019. A total of 30 students
were selected (20 male and 10 female), 25 being full-time and five part-time. Of
the 30, a total of 15 have on-the-job experience ranging from 1 to 15 years. 24
scholarships were given, and one student is being supported by his company. The
students come from seven countries (Singapore, Sri Lanka, India, China, Tanzania,
Colombia and Indonesia) and have backgrounds in, e.g., robotics, IoT, chemistry,
materials, aging/health care, drones/UAV, food science, design, sports, mechanics,

Fig. 31.1 Overall structure of the MEng in Innovation by Design
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electronics and education. This intended diversity in background and culture enriches
the learning and design process. By the end of the Master, each student will have
completed a minimum of seven full-length projects, from discover to deliver. Those
taking electives may have done even more. The sections below will describe various
compulsory courses and experiences, student feedback on multiple aspects of the
program and our plans for improvement.

31.2 The Compulsory Course on Innovation by Design

The first term compulsory course is Innovation byDesign. In this course, the students
work in teams to develop a product/service/system. The classes are about the tools
and methods of product design and development [6] covering the 4Ds (discover,
define, develop and deliver) with a mix of presentations, discussions and studio
work for the 12 weeks of class. Students have to find a problem within a broad
theme and solve it. For the first intake, the theme was “Play.” Students have to find
a problem that is meaningful to them and then solve it through an engaging, playful
product/service/system. Each year, the problem space will change. Four lessons were
devoted to invited speakers from industry to talk about their experience in developing
new products, or their work in their respective organizations in fostering creativity
and innovation.

31.3 The Compulsory Course on Design Science

The second term compulsory course is Design Science. This course aims at making
the participants better qualified and equipped for research in Design Science, i.e.,
research that is focused on obtaining a better understanding of design and innova-
tion, or on developing novel technologies, products, services or systems. The course
provides insight into the existing design theories and models; understanding of the
DRMdesign researchmethodology [7] to support planning and execution of research;
an overview of Design Science methods; and the application of these methods to
the participant’s own research topic in the form of assignment. The course offers an
active, project-based learning environment involving lectures, discussions, exercises,
presentations, assignments and homework.

31.4 The Compulsory Thread on Ideate-Prototype-Realize

On the first week of the program, the students are enquired about their research
interests, and a match is made between their interests and the appropriate faculty
advisor(s). Hence, within three weeks of the program, the students can start right
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away with their research work. The Ideate-Prototype-Realize thread (I-P-R) runs
on the first three terms of the program, lasting a full year. The vision behind I-P-R
is to scaffold the students’ research with their chosen faculty advisor(s) expertise
and embed the student in one of the SUTD’s research centers, potentially having
him/her join an ongoing research project. In this way, the student will be part of
a team that is already doing research, instead of having to start from scratch. The
student-advisor pair will have to craft a research program that takes advantage of
the on-going projects and is also meaningful for the student to learn skills relevant
to his/her research interests. I-P-R will link directly to each students’ research topic
leading to the final thesis.

Each student will have his/her own topic, so a complete and detailed set of guide-
lines for I-P-R is not possible. The focus for each term is the following, but can vary
depending on the topic:

• Term 1: Ideate: is discovering the topic and proposing potentially innovative
ideas, through literature reviews, benchmarking, ideation techniques, etc.;

• Term 2: Prototype: develop prototypes (or experiments) that embody the ideas
or gaps found in the literature;

• Term 3: Realize: conclude the study with a proof-of-concept of the ideas
developed and prototyped earlier.

So far, students are hosted in four SUTD research centers showing the diversity
of students and topic: SUTD-MIT International Design Center, iTrust Center for
Research in Cyber Security, Digital Manufacturing and Design Center and Lee Kuan
YewCenter for InnovativeCities. Some topics of the research projects which students
have developed can be seen in Fig. 31.2.

31.5 The Experiences and Accelerators

As seen in Fig. 31.1, the program contains two accelerators and one overseas
experience.

The first one is the 2–3 days Design Accelerator, specifically designed as a pre-
term learning journey for those which may not be very familiar with design language
and processes. The students work in teams under a theme that changes every year.
This accelerator mimics directly the executive workshops that SUTD conducts with
companies through the SUTD Academy, and it serves to get the student up to speed
with a common basic knowledge of design principles, tools and methods, as well as
the 4D design model (discover, define, develop, deliver).

The second is the overseas experience. This experience takes place between terms
1 and 2, after the students have gone through the first term Innovation by Design
course. Students travel to another country to experience co-design (again within a
theme that varies for each year) with students from a different country and back-
ground. The co-design experience can last between one and two weeks and is co-
funded by the program. For the first intake, students were hosted by the School of
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Fig. 31.2 Research areas of the first year students

Design at Jiangnan University,Wuxi, China, for one week and were paired with local
students to solve a given problem. By the end of the week, all teams had to present
a prototype of their solution. The problem for the first run of the experience was:

Design a personal mobility device for the last mile to cater for users in CITY
X with the following profile:
• Young professional in a growing business;
• Married, 25–30 years old;
• One child.

The assignment came in five variants of CITY X: Tokyo, Boston, Lisbon, Sydney
and Cambridge. With 10 teams, two teams were working independently on the same
city. Figure 31.3 shows some of the prototypes.

The third experience was the three-day Entrepreneurship Accelerator, at the end
of term 2. This accelerator caters for those who want to start their own companies
or just want to know more about entrepreneurship. Students again work in teams
to develop a pitch for a new product/service/system of their own choice, within a
given theme. The instructor team will take the teams through the steps of a good
entrepreneurship practice, from idea to investor pitch, and touch on a variety of
topics such as Singapore law and incentives for starting a company, etc.
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Fig. 31.3 Prototypes resulting from the overseas experience in 2020

31.6 What the Students Are Saying

The Innovation by Design course in term 1 and Design Science in term 2 received an
overwhelmingly positive reaction from the students. Students also provided sugges-
tions to improve the course. The survey questions and answers can be seen in
Tables 31.1 and 31.2. The answers were given on a Likert scale from 1 (strongly
disagree; poor) to 5 (strongly agree; very good) with 3 being neutral/average. The
percentages in the tables refer to the positive answers, i.e., agree/good (4) and strongly
agree/very good (5).

Suggestions for improvement were also sought and well noted. Some comments
were on the lack of time in IbD devoted to classes on more technical content, and
the fact that there is only one class per week. Other comments are more related to
specific content of classes (examples, exercises, etc.) which the students feel are not
directly related to their respective projects. The Design Science course was strongly
affected by the sudden COVID-19 measures, for which the very interactive format
was ill-prepared. Suggestions for improvement are mainly related to the workload.

Table 31.1 Survey results for the term 1 course on Innovation by Design

Survey question % positive answers

The course has stimulated my interest to learn more about the subject 81

The course has improved my knowledge on the subject 81

The course is well organized and structured 76

The course workload is manageable 95

The course involved me in active learning experiences 96

After going through all the classes and assessments, I will be able to do
what is prescribed in the learning objectives

91

Overall, I would rate this course as 81
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Table 31.2 Survey results for the term 2 course on Design Science

Survey question % positive answers

The course has stimulated my interest to learn more about the subject 85

The course has improved my knowledge on the subject 95

The course is well organized and structured 73

The course work load is manageable 52

After going through all the classes and assessments, I will be able to do
what is prescribed in the learning objectives

84

Overall, I would rate this course as 84

For the overseas experience and the Entrepreneurship Accelerator, the survey
results can be seen in Tables 31.3 and 31.4, respectively.

The most obvious outcome for the overseas experience was the mixed feelings
about the duration. Half of the students felt that it was very good, whereas the other
half felt that it should have taken longer, some of them suggesting up to two weeks.
There was no significant difference across the two batches of students (from SUTD
and from Jiangnan University) on this.

The overall sentiment on the entrepreneurship accelerator was that it was very
good and relevant, although not all the students are planning on starting their own
companies. They felt that the knowledge they acquired in this course nicely comple-
mented the knowledge acquired in the compulsory courses. Some students expressed

Table 31.3 Survey results for the overseas experience (SUTD and Jiangnan University students)

Survey question % positive answers

How would you rate the entire experience 86

How would you rate the interaction between team mates during the entire
week?

86

How would you rate the delivery of the week long experience? 86

Were the materials/facilities provided adequate? 55

Was the duration of the experience adequate? 50

Table 31.4 Survey results for the entrepreneurship accelerator

Survey question % positive answers

The program content was relevant and practical 94

The atmosphere and interaction with the other participants were good and
contributed to the sessions

85

You are more confident in your ability to start your own company after
completing the program

79

The program duration (3 days) was efficient and practical 84

I would recommend this program to fellow students 79
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that they are still not confident in applying the entrepreneurship knowledge to their
own work, which is an issue we will look into in future years.

31.7 Conclusions and Future Work

The program’s first year has just been completed. The number of applicants and the
overall results have surpassed our expectation. The structure and content were new
and very different from the existing programs, and itwas not clearwhenwedeveloped
MIbD how varied the backgrounds of the students would be (see the research areas
in Fig. 31.2).

There are multiple elements of the program that require improvement. At the time
of writing, the 2020/21 program has just started with a total of 25 students, but with
an increase of self-paid and company-sponsored students and a reduced number of
foreign students, as compared to the September 2019 intake.

The continuing COVID-19 measures have an impact, but fortunately, in class
teaching is allowed, albeit with a large number of constraints (masks, tracing, social
distancing, etc.) that reduces the social elements of studying. We hope that early
2021 will see a return to normal. The January overseas experience is likely to remain
affected. Traveling restrictions may still be in place. This requires a rethinking of
this important component of the program. Alternatives are a national experience with
another local university, or a virtual overseas experience conducted online.

Our own experiences in this first year and the students’ suggestions have already
resulted in some improvements; others require further analysis and preparation. For
the term 1 course (IbD), it was suggested to have more technical content and more
time devoted to classes instead of external speakers and studio work: A possible
improvement will be to shift all invited speakers from IbD to I-P-R, thus freeing up
space for more classes and more technical content. I-P-R did not have formal weekly
classes, so a one-hour slot will be scheduled every week for external speakers to
come and impart their knowledge to our students. This will not significantly affect
I-P-R, as this is a research-based course, with work done in the laboratories, and
a one-hour slot every week taken out of the laboratory will not be a problem. The
number of assignments in Design Science will be reviewed, and the taught content
better adapted to the variety of research topics.

The program coordination is considering student exchanges with other overseas
universities, with the aim ofmaking this program evenmore international and vibrant
and potentially leading to a joint Master program. The first exchange program with
a European university is expected to start in 2021.



31 Innovation by Design—A New Post-Graduate Program at SUTD 393

References

1. Dore, F., Kouyoumjian, G., Sarrazin, H., Sheppard, B.: The business value of design. McKinsey
Q. (4), 58 (2018)

2. Design Singapore Council Design 2025. National Design Center (2016). ISBN 978-981-09-
8875-3

3. Graham, R.: The global state of the art in engineering education. Massachusetts Institute of
Technology (2018)

4. Telenko, C., Camburn, B., Hölttä-Otto, K., Wood, K., Otto, K.: Designettes: New approaches to
multidisciplinary engineering design education. In: International Design Engineering Technical
Conferences and Computers and Information in Engineering Conference, IDETC/CIE, 17–20
August 2014, Buffalo, New York, USA

5. Otto, K., Camburn, B.A., Wood, K.L., Nannicini, G., Bouffanais, R., Kyoseva, E., Yong,
J.W.H.: Integrated 2D design in the curriculum: effectiveness of early cross-subject engineering
challenges. In: 121st ASEE Annual Conference, 15–18 June 2014, Indianapolis, Indiana (2014)

6. Ulrich, K.T., Eppinger, S.D., Yang, M.C.: Product Design and Development, 7th edn. McGraw-
Hill (2020)

7. Blessing, L.T.M., Chakrabarti, A.: DRM, A Design Research Methodology. Springer, Berlin
(2009)



Chapter 32
Role of Authoritative Elements in Design

Sunalini Esther and Sheeba Chander

Abstract The importance of learning theories is that they expose the learner to a
wide spectrum of ideas, thereby expanding the knowledge base while allowing the
learners to experiment, analyze and internalize their observations. In all the study
of design, the principles, factors and elements that comprise, modify and estab-
lish design can be summed into three categories, namely physical elements, modi-
fying elements and authoritative elements. There are factors that physically comprise
design, factors of ephemeral and intangible quality that modify design, and authori-
tative factors that root and establish design at a particular place in time. In most cases
of theoretical analysis, there is a sense of looking backward—to the study of estab-
lished facts and the principles that may be gleaned from the study. The authoritative
elements, in particular, comprise the primary establishing elements which form the
base for study. The word authority has its roots in the word “author” which means
someone who has the power to bring something into existence and sustain it. With
respect to design, it is these elements that bring richness to design or add the dimen-
sion of depth. The authoritative elements are history, typology and context. At the
time of undertaking this research, there is no literature that comprehensively brings
the elements of design together to enable place-making. However, such an endeavor
would be hugely beneficial to the design community in terms of providing a frame-
work, within which their design may be generated while also proving relevant to its
time. The purpose of the research is to establish the impact of authoritative elements
on form and space. The methodology of inquiry and research is through the literature
study and survey questionnaire.
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32.1 The Elements of Design

32.1.1 Introduction of Categories of Elements of Design

The phenomenon of design involves a process that is dependent on the relationship
between several complex factors and elements. It is not a clear linear process that
begins with the project brief that culminates in a product/solution. At every stage,
there is back and forth as the designer wrestles to layer the elements of influence
in an appropriate manner. Design does not arise by a mere mechanical arrangement
of tangible physical elements nor purely out of internal emotion and feeling. While
there are many theories that touch on different individual and independent factors
that influence architecture, “These theories ignore the fact that building form mani-
fests the complex interaction of many factors …” [1]. Design relies on aesthetic
decisions (using physical elements), stemming out of external environmental facts
(authoritative elements), refined by internal preferences and experiences (modifying
elements).All design commenceswith an understanding of the authoritative elements
that cause design to respond and engage with them to generate a creation through the
use of the physical elements. To this creation is further applied a layer of modifying
elements that work to create a sharper product/project by connecting strongly and
personally with the designer or the client/user. This research paper aims to identify
the primary design elements that authorize the existence of architecture and establish
their importance as a source of architectural design. It was intended that through a
survey questionnaire, datamight be collected validating the importance of the author-
itative elements. Through the analysis of this data, it would be possible to conclude
whether these elements could facilitate design generation and enable place-making
in the process (Fig. 32.1).

32.1.2 Place-Making in Design

The physical elements serve as tools that bring the essence of authoritative elements
and modifying elements to the physical realm of being from the mode of imagina-
tion. Therefore, they operate at both levels. Modifying elements are those that while
enabling the choice ofmateriality, form and spacemake that choice out of the existing
anthropological context and milieu. The word “authority” has its base in the word
author which means someone who has the power to bring something into existence
and sustain it. In other words, with respect to design, it is these elements that bring
richness to design or add the dimension of depth. The authoritative elements are
history, typology and context. Through them, design is influenced and established
through precedence set in facts from the past. With respect to architecture, the modi-
fying and authoritative elements are key to enabling place-making. Place-making is
vital to creation of spaces that resonate with the people and culture of a place in time
(Fig. 32.2).
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Fig. 32.1 Classification of elements that influence design

Fig. 32.2 Elements that contribute to place-making
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32.2 Methodology

Acomprehensive study of the literaturewas undertaken to understand different layers
of elements that constitute the framework of design. Among these elements, the liter-
ature was reviewed to consolidate elements of authority which were instrumental in
bringing architectural design into existence. A survey questionnaire was prepared
to find out the importance of three of the authoritative elements. It was designed to
analyze in detail, the degree of impact and influence of these elements on creating
architecture and design generation. The objective was to establish the relevance of
the authoritative elements in design generation. The survey was conducted among
seasoned architects and designers, teachers of architecture and designers, fresh grad-
uates fromundergraduate program in architecture and others from a non-architectural
background. The age range of respondents was from the age group of 23–68 inclusive
of both genders. The survey was collected online, and the sample size was 90. The
respondents hail from across India. The period of collection was during the month
of April 2020. Pie charts and bar graph have been used to analyze the data collected.

The questionnaire consisted of three main parts: history, typology, context.

32.3 Analysis

32.3.1 History and Tradition

The first section of the questionnaire dealt with the relationship of history and design.
In Fig. 32.3, the pie chart notes that both spatial principals, motifs and features
are the means through which history is understood to be primarily referenced in
contemporary works of architectural design as attested by 58.8% of the sample

Fig. 32.3 Manner of referencing history in the present works of architectural design
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respondents. Manner of referencing history through only spatial principles and only
motifs is attested by a minority of 17.6 and 18.8% of the respondents, respectively,
which is close to equal.

In Fig. 32.4, the pie chart depicts very clearly that history is a definite source of
architectural design with 94% of the respondents attesting to this statement. This is
because one always associates the present as the continuation of the past.

The question posed in Fig. 32.5 explores the possibility of evaluating develop-
ments against a design standard. From the pie chart, it is seen that 61.2% in the sample
have expressed that there is a clear sense of aesthetics and right design. Therefore,
there exists a frame of reference for a design standard, and there exists a design
standard for developments against which they may be measured.

It is understood from the pie chart in Fig. 32.6 that there is only a small margin of
disagreement, namely 4.7%, between the number of respondents in attributing the
movement of design across the ages—on one hand as a cycle that begins, peaks and

Fig. 32.4 History as a
source for architectural
design

Fig. 32.5 Possibility of
measuring developments
against design standard
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Fig. 32.6 Movement of design across the ages

then decays (35.7%) and on the other as a continuous movement that is responsive in
terms of actions and reactions (31%). These two comprise the majority of responses.
A minority of 19% hold that it is progressively moving from a lower state to a higher
state, and a smaller minority of 14.3% hold that movement of design is just a random
occurrence.

32.3.2 Typology

The second section of the questionnaire dealt with the relationship between typology
and design. Figure 32.7 identifies prototype (primary pattern or model) as being a
major influencer of a work of architectural design. 77.6% of the respondents have

Fig. 32.7 Influence of
prototype on architectural
design
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positively confirmed to its influence on design. The respondents identify prototypes
as successful solutions to similar/identical challenges or briefs and hence a good
place to start the process of design.

Apart from 12.9% of the respondents who are unsure about the relationship
between typology and structural organization in the pie chart in Fig. 32.8, majority
of the respondents of the sample, namely 50.6%, have stated that typology is only
sometimes limited to the structural organization and 22.4% have stated that typology
is never limited to the structural organization.

On questioned if prototypeswould be useful to categorize and understand physical
forms and/or spatial patterns while designing, 78.8% of the sample have agreed on
its importance on the same as illustrated in Fig. 32.9. 17.6% have agreed on its
usefulness sometimes. It can be observed that the number of respondents stating its
unhelpfulness is negligible.

In the pie chart in Fig. 32.10, it is noted that the majority of the respon-
dents of the sample, namely 92.9%, are in agreement that typology definitely
helps a student/learner stay focused on his/her program or brief. It gives them

Fig. 32.8 Limitation of
typology to structural
organization

Fig. 32.9 Respondents on
whether prototypes are
helpful in categorizing and
understanding physical
forms/spatial patterns while
designing
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Fig. 32.10 Respondents on
whether prototypes serve a
student of design to maintain
focus on his/her program

clarity by helping them understand the usual patterns for the same type of
program/brief/building.

32.3.3 Context

The third and last sections of the questionnaire dealt with the relationship of context
and design. The pie chart in Fig. 32.11 discusses the importance of conformity or
the ability of a building to blend with its immediate context. 68.2% respondents
confirmed that it is extremely important for a building to blend or conform with its
environment and 28.2% stated that it is at least fairly important. Only 3.6% of the
sample did not see the need for conformity.

In Fig. 32.12, the pie chart is a depiction of the idea of context and the importance
of different types of context. It is seen that a physical micro-level context is as

Fig. 32.11 Degree of
importance for building
design to blend with its
immediate context
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Fig. 32.12 Respondents on
which factor is more
importance while designing

Fig. 32.13 Respondents on
what determines their
requirement to blend their
design with context

important as the broader cultural context, and they are both interactive with 80% of
the respondents aligned in this favor.

While many designers automatically start with a study of the context and attempt
to conform their designs to the context, the question posed in Fig. 32.13, the pie
chart dives into the issue of what causes this requirement to conform. It is interesting
to note that 50% of the respondents have stated that it is the ethical obligation of
designers to conform and 27.9% of the respondents have stated that aesthetics can
be achieved through conformation.

In Fig. 32.14 through the pie chart, it is observed that history, typology and cultural
beliefs are all important while determining authority in design, of which history of a
place is deemed the most important, namely 30.6%. It is apparent that these factors
weigh in heavily while considering authenticity and validating context.

The respondents also stated that context helps to set out a precedent of the norms
for the architect tomake informed decisions in his approach toward planning, giving a
set of design clues. At the same time, understanding and application of the knowledge
of context helped with relevance which assists with an increased sense of project
ownership.
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Fig. 32.14 Respondents on what gives context, authority in design

32.4 Results and Inferences

The purpose of the survey was to connect elements of authority—namely history,
typology and context—with the creation of design and establish them as roots. These
three elements are identified as the primary layer of design generators among many
other layers of elements contributing to design.

“Design and Innovation builds on precedent, on ideas and concepts that have
evolved over time. Architecture uses precedents from social and cultural history and
applies these influences to contemporary buildings, forms and structures. Reacting
against or responding to these ideas has been the basis of architectural evolution”
[2]. History is instrumental in helping designers to make choices from the past by
engaging with precedents/socio-cultural history as inspirational factors and choosing
to improve/improvise on them or rejecting the past precedents for a justifiable cause
by seeking to build afresh. Either way, it is observed that history is certainly a source
of origin of design.

“Or are they merely a strategy, names invented to make tangible certain categories
of coherence, … to maintain focus and authority and thereby help perpetuate archi-
tecture…?” [3]. This question is raised by author Paul Alan Johnson in his book
Theory of Architecture while debating on the influence of typology on Architecture.
However, this has been answered through Sect. 32.3.2 of this paper that discusses
the relevance of typology in design, especially with respect to learners. It has been
established that typology helps in our cognition and internalization of the layout of
forms. It informs the user about the generic scheme of arrangement and is invaluable
to someone who is attempting their first design at that “type.” It helps us to make
sense of buildings and is a vital point of design generation. This fact is particularly
reflected in Fig. 32.10 where 92.9% of the sample respondents agreed that it helps a
student of design maintain focus on the elemental framework of the program.
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“Context … has authority by virtue of its precedence over anything newly
conceived that is desired to be placed within it” [3]. Architecture is always expe-
rienced as part of context. It is linked historically, physically, socio-culturally,
geographically and visually to its immediate and broader context. “Every architec-
tural work exists in the presence of a chorus of contexts that can impart meaning to
and, in turn, derive meaning from their associations with the work” [4]. The require-
ment to design with conformation to context has been established in Sect. 32.3.3 as
basically ethical. When an architect chooses to make his/her design respond to and
engagewith the context, it helps with extending the design narrative out of the bound-
aries of the site, connecting the project physically as well as intangibly/ephemerally
in a cultural and social manner that is relevant to the context. Considering that no
project is created to respond to isolation and all design arises from narratives that
weave through people, experiences and places, it stands to reason that the context
would lend authenticity to the narrative created on site. This authenticity is lent
through the history, typology and cultural/social fabric of the context, to name a few.
Therefore, it is established as pivotal point.

When the authoritative elements are arranged according to their degree of influ-
ence and importance on design, analyzed from Figs. 32.4, 32.7 and 32.11, the bar
graph in Fig. 32.15 is derived. On a scale of 1–10, history values at a factor of 9.4,
typology at a factor of 7.8 and context at a factor of 6.8. The average or mean of the
importance factor of these elements is obtained as follows.

Mean = Sum of factors/no. of factors

= (9.4+ 7.8+ 6.8)/3

= 8 (32.1)

Considering the average influence factor for these elements is 8 on a scale of 1–10,
where 1 implies very low impact and 10 implies very high impact, these elements
maybe considered as those that empower the design with authenticity. Therefore,
these elements author design.

Fig. 32.15 Ranking of the
degree of influence of the
authoritative elements
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32.5 Conclusions

The importance of history as a source for architectural design, the degree of influence
of a typology on architecture and the importance of micro- and cultural context have
been illustrated through this research.

Once the program for design has been established, for any project, these elements
bring the work of architecture into existence to give it the basic form and spatial
frame. The physical elements serve as tools to bring about this existence.Over this are
superimposed the modifying elements to refine the design of space and environment
in a precise manner while working with the physical elements.

With this framework in place, it is possible to derive a model to achieve design
through the layering of elements that can be used in classrooms among students as
well as among practitioners in design studios. It is imperative that the influences
of these elements are taken into account, in the absence of which design remains
superfluous, soulless and irrelevant.
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Chapter 33
Social Connectedness in Online Versus
Face-to-Face Design Education:
A Comparative Study in India

Christy Vivek Gogu and Jyoti Kumar

Abstract The global pandemic has affected almost every aspect of life across the
globe includingmedical services, essential services, production units and educational
institutes. People have been forced to physically and socially isolate themselves. This
study focuses on the sudden shift that design schools in India had tomake fromhaving
traditional face-to-face (F2F) classes to starting virtual classrooms online. This paper
reports the results from semi-structured qualitative interviews conducted with ten
design tutors from ten different design schools across India. The authors attempt to
understand how the design instructors compared the online classes with traditional
F2F classes, and how they perceived the effects of instructor–student connectedness
and interaction on teaching motivation and satisfaction in online design teaching.
This study found that most instructors felt a lack of social connectedness with the
students during the online classes. The paper discusses details of some of the reasons
for this lack of felt connectedness and how it affects the teacher satisfaction and
learnability of the design students. In addition, it reports the insights given by the
instructors about some of the creative learning practices in design courses that they
are currently finding challenging to replicate online.

33.1 Introduction

Inherently, human beings are social with a need to belong, feel connectedwith others,
create and nurture social relationships [1]. It is assumed that positive personal and
social attachments contribute substantially to the capacity of making sense of one’s
life [2, 3]. Social connectedness is one such attributewhich has been argued to provide
meaning in life for many people, impacting behaviour and life choices [4]. Students
with better access to social support are better able to maintain a positive sense of
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social connectedness, reducing chances for academic and behavioural challenges [5,
6]. Social connectedness has been observed to be an important component of the
academic settings. Social connectedness has been reported to be related to lower
depression in students [7] and reduced risk-taking in youngsters [8]. The need for
social connectedness is also influenced by many personal factors of students, such
as sibling presence, economic strata of society, age of the person and time spent on
the Internet [9].

The last two decades have seen a rise in online education, around the world. From
increased computer literacy and Internet connectivity, growth in distance learning
opportunities, to ease of learningwhileworking part time,many reasons are attributed
to this increase in popularity of online courses (or MOOCs). Countries are increas-
ingly investing into multimedia-based courses [10]. In developing countries, online
and distance learning gives better opportunities to people for whom either education
is beyond reachor too expensive. For developed countries,multimedia education adds
convenience in enhancing skills while at home or work. Because of this, teaching
has become more innovative too, using technology to bring freshness and innovation
to the course material, making courses accessible to multiple people at same time
separated by geographical areas [11].

Similarly, the scenario in design education has changed with the growth in the IT
sector. Some research has been done to inquire into the effectiveness and success of
these courses but not much has been done to fully understand the impact on learning
in online platforms [12].

When the global pandemic struck earlier this year, it affected almost every aspect
of life across the globe including medical services, essential services, production
units and educational institutes.Most universities were forced to suddenly shift to the
online teaching space whether they were prepared for it or not. This study focuses on
the sudden shift that design schools in India had tomake from traditional face-to-face
(F2F) classes to virtual classes.

There are many online learning and conferencing platforms developed by Insti-
tutes and IT companies, that are being used for virtual classes, for instance, Skillshare,
Moodle, Blackboard, Google Classroom,MSTeams, Coursera, National Programme
on Technology Enhanced Learning (NPTEL) a project funded byMHRD, Zoom, etc.

So far, these platforms are used for theory-based learning. How compatible these
platforms are with the needs of design education is yet to be evaluated. There are
specific features associated with design education which makes its pedagogy unique.
The simultaneous combination of theory and practice in studio environments, focus
on theories of art as well as science, classroom activities based on teamwork and
collaboration, focus on problem-solving process with creative thinking and oppor-
tunistic usage of multimedia materials and contents are some of the unique aspects
of design education [13].

Research shows that design and creative learning is often achieved by use of
critical thinking and collaborative work, with a focus on hands-on work and creative
problem solving [14–16]. Design education also brings together the know-how of a
variety of other fields to uniquely solve problems. Studio culture is an integral part of
design education.And this paper seeks to study the online design learning experience,
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especially in Indian design schools, since the COVID-19 pandemic having displaced
normal F2F classes in most university campuses.

While many factors contribute to the effectiveness of an online design learning
experience, in this paper, we focus on social connectedness and instructor–student
interaction as a key in achieving an effective design learning experience. This study
also attempts to understand how the design instructors compared the online classes
with traditional F2F classes, and how they perceived the effects of instructor–student
connectedness and interaction on teaching motivation and satisfaction in online
design teaching.

33.2 Literature Review

33.2.1 Online Learning

With increase in technological and internet awareness, India is one of the largest
growing consumers of online education. Statistics show that the number of users
enrolled for various online learning courses is estimated to be 1.6 Million in 2016,
which is expected to grow to about 9.6 Million by the end of 2021. Reports show
that a blend of online and offline can be beneficial and productive [17]. Elson Szeto,
while examining the effects of this blended synchronous learning in his paper, noted
some of the differences and learning experiences of online and face-to-face learning
[18] such as the instructor focused more on the online students, adopting a slow
pace, clarity and repeated probing, thereby rendering the online students with clear
explanations and ease of understanding of the topics. In contrast, the F2F students
felt bored in some sessions because the instructor unintentionally paid too much
attention to the remote online students.

33.2.2 Online Design Learning

While online learning has been around for a few decades, design education is still
not readily available online [19]. Design uses extensive studio-based exercises which
makes it challenging for design educators to transition to technology-driven changes
into an online teaching and learning environment [20, 21].With studio-based learning
being at its core, design courses usually have small class sizes. They typically use
projectwork and collaborative creative problem solvingwithmany possible solutions
[22]. Research shows that online collaboration in design can be successfully done
only if student participation is high and instructor feedback is instantaneous [23].
The characteristics of studio-based teaching in art, architecture and design have been
identified as supporting interaction, active learning, as well as social engagement [24,
25]. Peer learning and group discussion form an integral part of the learning process
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[14, 26]. Keeping all these in mind, blended learning is seen as a possibility where
certain courses are taken online, while others are studio-based [21].

33.2.3 Social Connectedness

Social connectedness is defined as ‘a short-term experience of belonging and related-
ness, basedonquantitative andqualitative social appraisals, and relationship salience’
[27]. Social connectedness is also defined as a personal sense of belonging to a group,
family or community [28]. For the purposes of this research, the authors would like to
define social connectedness as ‘the experience of belonging and relatedness between
people’. Social connectedness is recognized as a key motivator for social behaviour.
It can also predict a successful life and result in a variety of social and health-related
benefits [29]. In universities, a competitive environment, tech addiction and study
workload can keep students preoccupied and often feeling lonely [30, 31]. Not only
individuals but communities also benefit from the creating and nurturing of social
connections. There is evidence that online students have a lower sense of university
attachment [32] and do not feel as connected as regular students [33]. While in the
west, youngsters are encouraged to be independent and individualistic at an early age,
in eastern cultures, youngsters grow up in amore interdependent and socially interac-
tive environment. So often, themove to university puts a strain on them and can result
in feelings of loneliness [34]. Social interaction for students in traditional F2F college
environments is instrumental in their learning and deep comprehension [35, 36].
Though students find it is easier to connect socially and make friends with students
in traditional F2F classes, they think it is important to socially connect in virtual class-
room settings as well [37]. Laffey et al. [38] claim education and various learning
interactions, whether traditional F2F or virtual, to be social practices. A similar study
done by Turki et al. [39] concludes that achievementmotivation in university students
significantly correlated with social connectedness, whereas another study indicated
that students in both online and traditional programme formats had similar percep-
tions of their social connectedness and satisfaction with their learning experiences
[40].

33.3 The Methodology

This study reports the preliminary section of a larger research and therefore includes
the former of the stakeholder perspective of the two groups, design instructors and
design students. The study surveyed 10 instructors teaching design courses at more
than 10 architecture or design schools (including one visiting facultymember). Semi-
structured interviews were used to pose the same questions to the ten design instruc-
tors, which provided an in-depth line of inquiry [41]. Some of the questions were
‘How was your transition from traditional classes to online teaching?’, ‘Did you
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Table 33.1 Coding template for the three dimensions

Dimension Coding category

Instructional 1. Instructional management, 2. building understanding and 3. direct
instruction

Communicative 1. Emotional expression, 2. open communication and 3. group cohesion

Learning 1. Triggering events, 2. exploration, 3. integration and 4. resolution

Adapted from Garrison et al. [43]

face any challenges? Please explain.’, ‘What do you think are the positives of online
classes?’, ‘Did you notice any difference in the behaviour of the students online?’
and ‘Were you satisfied with the mutual communication in the online set up?’.

In-depth qualitative analysis was carried out on the inputs received from the
instructors. The interview transcripts were broadly themed, coded and categorized
using Strauss & Corbin’s method [42] and the Garrison et al. [43] Community of
Inquiry (CoI) framework. According to this well-received framework, quality educa-
tion experiences are seen at the intersection of the teaching, social and cognitive
presences. The three dimensions were instructional, communicative and learning,
through which the learning and teaching effects were analysed. The following table
shows the coding framework for the three dimensions (Table 33.1).

The responses were coded under three themes of ‘instructional’, ‘communicative’
and ‘learning’ phrases. Broad coding themes such as advantages and deterrents were
established at the beginning of the analysis and sub-themes emerged by grouping
responses. Some samples of the responses to questions about visual input/feedback
were: ‘students prefer to keep their video off … body language … many things that
the mentor could see and give feedback accordingly’, ‘But if they are switching off
their cameras, then it becomes very linear, very boring kind of a thing. Also, you
don’t know whether the students are really hearing you or are they multi-tasking’,
‘It’s difficult to gauge so many students on one screen. Many don’t even turn on their
videos’, ‘Some students had a good knack, were able to master a particular medium
really well compared to others, so the other students could watch…gain some insight
… apart from just getting my feedback’. While some instructors listed the positives
as ‘I think virtual teaching is far more engaging from a creative perspective because
there are tools and software that you can get the students involved in’, ‘students are a
lot more professional (online) and I’ve seen an increase in attendance as well’, ‘they
are definitely more disciplined and articulate (online)’. When asked about students’
ease of access to instructors, some said ‘I like being around the students, and being in
campus also means that you know access to you is quite easy’, ‘Students can see you
and reach out to you.When it is virtual, it also means that you have to send a message
or an email to sir and see if he is available, students might hesitate to reach out’.
Responses referring to colleagues included ‘I like to also be around my peers, who
come from a design background’, ‘small conversations over a cup of coffee about
curriculum or anything on design are also enriching’ and ‘virtual classroom has also
allowed is to have people from across the globe come and speak to my students’.
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33.4 Findings

The findings are listed in Table 33.2, showing a comparison in the advantages of tradi-
tional F2F versus online teaching. They have been listed below in the order of their
frequency of mention and emphasis by the instructors (from most frequent/emphatic
to least).

Table 33.3 lists the tenmost common deterrents that most of the instructors shared
from their experience in teaching and interacting with design students online.

Table 33.2 A comparison of face-to-face/online student learning and instructor experiences

F2F teaching (percentage of mentions) Online teaching (percentage of mentions)

Instructional dimension

– Effective for teaching both theory and
skill-based courses (80)

– Possibility of using online classes along with
face to face (blended learning) (60)

– More personal engagement with each
student (100)

– Can be taught from anywhere (guest
lectures) (40)

– Can adjust content and speed based on
students’ verbal and non-verbal feedback
(70)

– Saves commuting time and energy (30)

– Workshop facility and other tactile and
sensory creative engagement available (60)

– Saves expenses on College amenities and
overheads (20)

– More options and opportunities of engaging
students based on their interests on campus
(40)

– Exploring new ways to approach design
teaching (20)

– More work done in office hours (30)

Communicative dimension

– Give immediate and accurate feedback for
student work (80)

– Possibility of recording lectures and
listening at convenience (50)

– Immediate feedback from body language
and facial expressions of students (70)

– Higher attendance and professionalism (50)

– Discussions can continue even after class
hours (50)

– More scope for improving articulation and
online presentation skills (30)

– More vibrant communication, with jokes
and appropriate examples (30)

Learning (teaching) dimension

– Greater engagement in class, more
satisfaction and motivation (70)

– Can be attended from anywhere, anytime
(70)

– Higher learnability—from more interaction
with tutors/peers (60)

– Breakout groups option was useful in group
work and discussions (50)

– Focused engagement between students and
tutors without distraction (40)

– More online resources can be shared easily
(40)

– More collaboration amongst faculty, sharing
and discussing ideas, etc. (20)

– Learning online presentation skills and using
interface and software (30)
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Table 33.3 Deterrents in
online design learning

Deterrents in online design learning

1. Unable to give immediate/accurate feedback; focus only on
delivering lecture material

2. Convenient only for theoretical classes; prototyping and
studio work not possible

3. Internet connectivity and power cut issues causes students’
disinterest

4. Lack of connection with students due to lack of visibility
and linear communication (‘feels like talking to a screen’)

5. Lack of engagement among students and between instructor
and students (inversely proportional to the strength of class)a

6. Teamwork or collaborative projects are difficult to
accomplish

7. Reduced discussion and critical thinking leading to feeling
of lower learning efficiency

8. Personalized/individual attention not possible

9. Attention span of students is reduced, distracted by other
things online or at home

10. Requires more effort from tutor and student to engage and
ensure learning resulting in longer work hours for faculty

aMore the number of students in class, lesser the interaction
between students and instructor

33.5 Conclusions

When the pandemic struck, most schools and universities had to suddenly shift their
on-campus teaching and interactions to the online realm. While some of the courses
were seamlessly shifted online, some design courses suffered because of the lack of
studio facilities and collaborative work. The aim of this study was to understand the
design instructors’ perspective on teaching satisfaction and effectiveness in virtual
classrooms.

Ten instructors teaching in more than 10 design schools across India were inter-
viewed about their experience in teaching design courses online. While most of the
instructors were promptly able to adapt to the virtual classes, course content and
duration of interaction had to be modified in considering compatibility of the online
platform used and student attention spans for online learning.

Considering the findings in Tables 33.2 and 33.3, the prominent conclusions are:

1. The instructors experienced significant reduction in connectedness with the
students online as compared to F2F interaction (ref. Table 33.2. They were
unable to give immediate and accurate critique feedback on their work and
in-class learning, unable to clarify doubts fully due to lack of time, unable to
engage one on onewith students. Often in traditional F2F classes, the instructors
would slightly alter the pace or content of the class depending on the class
vibe or response (perceived by their body language) to accelerate learning and



414 C. V. Gogu and J. Kumar

engagement. But this aspect is usually missing in the virtual classes as most
of the students keep their videos OFF. One instructor, however felt no change
in connectedness as their institute had mandated to keep the video option ON
during classes.

2. The instructors had to put on hold courses or projects that needed workshop
or studio use and skill-based learning. All of them agreed that such courses,
though are uniquely integral to design education and thinking, cannot be done
online. Group work that required collaboration and peer critique lacked student
motivation and enthusiasm, though was possible online. Most instructors felt
that the studio interactions allow students to enjoy and learn from each other and
bring a sense of belonging and connectedness which reflected in their learning
and class participation.

3. While virtual classes offered the convenience of teaching and learning from
anywhere and save time and energy, allowing the instructors more time to
prepare lessons and read, etc., the instructors missed the energy of the classroom
and being socially connected on campus. Casual coffee time interactions and
passionate discussions with colleagues are seen as an important social element
that add to the instructor’s experience and learning. Some instructors also felt
that discussions and interactions with students on college campuses, whether
on or off design subjects, also helped students engage better in the classroom,
while most instructors felt that students hesitate to connect online outside of the
virtual classes, leaving them frustrated or dejected to struggle with their doubts
and questions on their own.

A consecutive study, to understand the students’ perspective, is being done to
gain a holistic understanding of the online teaching/learning experiences and for the
triangulation of the findings here. A salient implication of the current study is the
progressive need for institutions looking to engage in online education programmes
to resolve to explore and implement practical steps to fully address connectedness and
social interaction issues among the students and instructors. For design education
in India, this study affirms the reports that a fully online design course is not yet
feasible and that a hybrid or blended learning may be a more effective way forward.
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Chapter 34
The Infinity Process: A Design
Framework for Interdisciplinary
Problem-Solving

Sree Mahit Munakala, Chetan Manda, and Sharmistha Banerjee

Abstract Designers are posed with problems that typically require an approach
involving knowledge and expertise sourced frommultiple disciplines. They often rely
on specific predefined design processes to tackle these complex, open-ended prob-
lems. These processes were conceptualized as a flexible methodology to approach
design problems. However, these design processes are not explicitly designed to
facilitate interdisciplinary problem-solving, which is fundamental in tackling most
design problems. In this paper, we present an overarching framework for interdisci-
plinary problem-solving, as observed through an interdisciplinary project involving
the hearing-impaired community while interacting with experts from different disci-
plines. The paper proposes the infinity process, a design framework that can be
appliedwhile working in interdisciplinary product design teams. It takes into account
the facets of research, design, development, and testing while also addressing the
gap of need validation and iteration. The infinity process breaks down the problem-
solving process into four distinct phases. Each phase focuses on one aspect of product
development. Designers can apply the four phases starting from any phase, thereby
eliminating rigidity of the process. Designers may also use each phase of the frame-
work independently, depending on their respective stages of product development.
The cyclical nature of the infinity process captures the iterative nature of the design
process.

S. M. Munakala (B) · C. Manda · S. Banerjee
Indian Institute of Technology Guwahati, Guwahati, Assam 781039, India
e-mail: sreemahit@gmail.com

C. Manda
e-mail: chetm1998@gmail.com

S. Banerjee
e-mail: sharmistha@iitg.ac.in

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2021
A. Chakrabarti et al. (eds.), Design for Tomorrow–Volume 2, Smart Innovation, Systems
and Technologies 222, https://doi.org/10.1007/978-981-16-0119-4_34

419

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-0119-4_34&domain=pdf
mailto:sreemahit@gmail.com
mailto:chetm1998@gmail.com
mailto:sharmistha@iitg.ac.in
https://doi.org/10.1007/978-981-16-0119-4_34


420 S. M. Munakala et al.

34.1 Introduction

34.1.1 Design Thinking and Models

Design thinking is an exciting new paradigm to tackle problems in the modern era,
most notably in the fields of information technology and business [1]. With a sharp
increase in the adoption of design thinking, there is a greater need to find suitable
processes to apply this paradigm fruitfully. Several models and processes have been
proposed over the years to redefine, formulate, and generalize the design process.
There is also a lot of extensivemanagement literature such as the planning and design
process [2] and the third-generation process [3]. However, there is no method that
can be applied universally, with most models having a relatively narrow focus [4].

Attempts have been made to categorize design models according to the processes
or the strategies followed. One particular way is to classify them is as analytical,
procedural, or abstract models based on the strategy used to arrive at the solution. In
addition to these, design models can be classified as problem- or solution-oriented
models [4].

Amajority of problem-orientedmodels such as Jones’model [5] andCross’model
[6] (Fig. 34.1) focus on structuring the problem statement instead of generating
solutions. This requires the designer to frame a solution-neutral problem statement,
which is crucial to arrive as a desired solution solely through logical deduction and
not through subjective experiences. However, it is often highlighted that the designer
would inherently structure a problem through prior experiences and knowledge,
hence influencing the solution. This has been further explored by Hillier et al. [7].
This belief lays the foundation for most solution-oriented design models, some of
which include Darke’s model [8] and March’s model [9] (Fig. 34.2). These models

Fig. 34.1 Problem-oriented design models
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Fig. 34.2 Solution-oriented design models

involve proposing an initial solution and modifying it as the problem statement is
further explored. Solution-oriented models are considered to be more realistic and
better describe the designer’s thought process, unlike problem-oriented models.

34.1.2 Interdisciplinary Design

Within the field of design, collaborating with stakeholders across fields is often seen
as a proven method to improve the overall outcome [10]. Drawing on skills across
a variety of disciplines can lead to alternative approaches to problem-solving and
unique design concepts. In a world with problems of rising complexity, the additional
perspective can be crucial [11].

Considering the complex nature of interdisciplinary design and the ever-growing
need to consider multiple disciplines, allowing room for integrating the nuances
that come with interdisciplinary design is important. Design models that are solely
problem-oriented or solution-oriented do not account for the multiple stakeholders
that are typically involved in any interdisciplinary design task. A need for design
models to be hybrid and cater to both linear and cyclic natures of the design process
is apparent. Additionally, while design processes that follow both linear and cyclic
nature of design do exist, they are not formulated with interdisciplinary design in
mind.

There exists a need to formulate a design process that caters to the unconventional
and complex nature of interdisciplinary design. In this paper, we propose a design
framework called infinity process that enables a designer to use their preferred design
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tools and methods to approach a design project but with a focus on integrating the
process challenges of interdisciplinarity.

34.2 Methodology

In order to design the infinity process, we drew upon a practical intervention and
followed an iterative design process to formulate guidelines for generalization. In
the given context, the practical intervention was in the domain of mobile application
development for speech therapy. We designed tools to help children with hearing
impairment train their intonation patterns, with an intent to minimize the patient’s
dependence on doctors and therapists. We consulted experts from several disci-
plines, including speech therapy, speech pathology, child care, psychology, computer
science, and design throughout various phases of research, analysis, and design. As
we completed each stage of the project, the underlying pattern and the process of
consulting stakeholders were observed and documented. We incorporated the key
insights into the design framework for interdisciplinary design projects, called the
infinity process. To know about the project, visit https://youtu.be/ZfvRvBEGSWc.

34.3 The Infinity Process

The infinity process was the result of documenting and curating the process we
followed when designing solutions for the hard of hearing community. We organized
the process into four distinct and sequential phases. We describe each phase in the
context of the project in the subsequent sub-sections.

34.3.1 Phase 1—The Requirement

The requirement phase lays the foundation for howan interdisciplinary project should
be initiated by emphasizing an interdisciplinary value generation process. It is crucial
to specify the exact problem area that will be tackled as part of the project.

Practical Intervention. Our intention toworkwith the hard of hearing community
arose from our personal experiences of interacting with them. From past experiences
[12], we noted various challenges people face within this community. These experi-
ences led us to design solutions that created value for the hearing-impaired. As we
were not experts from this field, we realized the need to interact with and consult
other experts. We decided to take this project forward as an interdisciplinary project
where we would involve several experts from multiple disciplines at different stages
of the project. By doing so, we aimed to ensure our final solution would be better
suited to the end-users.

https://youtu.be/ZfvRvBEGSWc
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Fig. 34.3 Formalized process of problem-solving

Fig. 34.4 Redefined equation for interdisciplinary design projects

Theory Building. Design thinking is fundamentally a formalized process of the
underlying reasoning patterns that humans use to solve problems by comparing
different known and unknown settings in an equation represented in Fig. 34.3 [13].
In this equation, What denotes the crux of the problem at hand. How denotes the
processes used to solve the problem previously described. Together, they produce a
Result that is desirable in the given context.

However, this equation best describes an abstract process for problem-solving.
We reframed this equation to decrease ambiguity for the designer in the context
of an interdisciplinary design project. In this redefined equation (Fig. 34.4), Need
highlights the importance of the problem and ratifies whether the problem needs to be
addressed, by involving stakeholders frommultiple disciplines. Approach highlights
the methods along with the processes when interacting with multiple stakeholders in
an interdisciplinary project. Together, they produce the desirable value.

34.3.2 Phase 2—The Need

The second phase of the infinity process looks at how to arrive at a problem statement
that will be tackled as an interdisciplinary design project. This phase covers a cyclic
process of need identification and validation with the help of stakeholders from
various domains.

Practical Intervention. With the intent to create value for the hearing-impaired,
we began to highlight various problems that could be tackled with appropriate design
interventions. This step involved using several research and analysis methods and
interacting with various stakeholders, experts as well as end-users. The stakeholders
consulted included children, parents, school instructors, doctors, speech therapists,
and medical professionals. These interaction sessions highlighted several pain points
that could be tackled. Taking into account the factors of time and available resources,
we narrowed down on designing solutions for hearing-impaired children, to ease the
process of speech therapy. In particular, we focused on designing tools to improve
voice modulation. We re-consulted relevant experts to ensure this was an achievable
target and validated the need for such a solution. We learned that voice modulation
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in itself is too broad and that we should tackle a section of voice modulation and
intonation. Further, there was a need for suitable intonation trainers among children
undergoing therapy.Having further refined the problem statement to tackle intonation
training among hearing-impaired children, we got this problem statement ratified by
experts before beginning the next phase.

TheoryBuilding. From experience generated through the project at hand, we thus
added the crucial stage of need validation along with need generation. Researching
to frame a problem statement leads to a need statement biased towards the designers’
preferences and inclinations. However, adding and prioritizing need validation in
this phase eliminates this bias by seeking validation from experts within the domain.

Need generation is broken down into two primary objectives: understanding the
target audience and identifying pain points (Fig. 34.5). It is suggested that research
goals and analysis be geared towards these two objectives as they provide a firm
foundation within the domain. Need validation is primarily achieved by involving
subject–matter experts from the domain.

Another crucial addition to this process is to convert both need generation and need
validation into a cyclic and iterative process (Fig. 34.6). The designer can ensure that
the appropriate value is created for the target audience by frequently validating the
need for the project. The need phase becomes a cyclic process of Define • Validate
• Learn as the designer defines a problem statement that can be tackled, consults
relevant stakeholders to validate the problem statement, and redefines it according

Fig. 34.5 Equation prioritizes need validation in the design process

Fig. 34.6 Need generation and validation process becomes a cyclic process
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to the feedback received. The cycle is continued until the designer is satisfied that
real value will be created by tackling the decided problem.

34.3.3 Phase 3—The Approach

The third phase of the infinity process tackles the methods and processes used to
design suitable solutions to the problem statement developed in phase 2. An essential
aspect of this phase is the involvement of stakeholders from various disciplines
repeatedly. This phase uses the cyclic process of Build • Validate • Learn to arrive at
a desirable and feasible solution [13].

Practical Intervention. Designing solutions to tackle the problem involved inter-
actingwith experts frommultiple disciplines sequentially. Thiswas done to ensure the
solution conceptualized is feasible and desirable. As designers, we narrowed down
on the medium of designing a mobile-based application based on our understanding
of the target audience and the need for improved accessibility. We involved front-end
and back-end developers to refine our solution based on the technical feasibility of
the idea. Subsequently, we involved speech therapists and speech pathologists in
providing appropriate exercises that need to be administered to the children while
also creating avenues for testing. As clinical testingwas not feasible in the given time,
the experts weighed in to refine the solution further. By following a cyclic process of
design, development, and validation, the proposed solution was technically feasible
and desirable for the end-user.

Theory Building. We broke down the Approach phase into two primary depen-
dents: People and Process (Fig. 34.7). People include stakeholders from other disci-
plines, directly and indirectly, involved in the problem area. The domain of design
involved and the testing parameters that will be considered directly influence the
people involved in this phase. Process describes the steps that should be followed
when interacting with various stakeholders. The process follows a Build • Validate

Fig. 34.7 Equation highlights the importance of the people and the process
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Fig. 34.8 Need and approach phases are both independently cyclic

• Learn sequence. We highly recommend this process be followed as it assigns all
stakeholders equal importance.

The underlying cyclic process of Build • Validate • Learn is an iterative process,
and we encourage the designer to follow this cyclic process (Fig. 34.8). Various
stakeholders, acrossmultiple disciplines, should be consulted to validate the solution.
The feedback from these sessions is crucial in building a more suitable and robust
solution.

34.3.4 Phase 4—The Interdisciplinary Cycle

In the final phase of the infinity process, the need and the approach phases are
interconnected to create a cyclic process that is followed until a suitable solution,
ready for launch, is crafted.

Practical Intervention. The project went throughmultiple cycles of need identifi-
cation, validation, building, testing, and refining. In the process, the design decisions
were influenced by the target audience and their pain points along with various tech-
nical limitations highlighted by various experts at different phases of the design and
development process. The Need and the Approach phase thus cycled into each other
to create the infinity framework (Fig. 34.9).

Theory Building. The entire framework is designed to work cyclically. This is
because the need might need to be redefined depending on the feedback received
from the other disciplines involved. Upon building and validating a solution, the
feedback received can refine the original need statement.

In the final phase of the infinity process, the need and the approach phases are
interconnected to create a cyclic process that is followed until a suitable solution
ready for launch is available. The designer is encouraged to stop the cyclic process
when the solution is designed to create a desirable and feasible (technically and
economically) value for the target audience.
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Fig. 34.9 Final equation for the infinity process

34.4 Discussion

The infinity process adds to the wider literature of abstract design frameworks by
providing a tool for designers to tackle complex problems in an interdisciplinary
setting. It provides a unique hybrid problem–solution-oriented approach that incor-
porates both the linearity of defining a solution-neutral problem seen in problem-
oriented frameworks as well as the generative–iterative nature of solution-oriented
frameworks. Furthermore, it allows the room for defining and redefining the need
itself, which is the case when you have an interdisciplinary setting with multiple
stakeholders redefining objectives and goals through various phases of a project.

Designers can choose to employ this framework starting from any phase,
depending on the stage in which their project is currently in, eliminating the need
to rigidly follow the process from phase 1. The framework also allows the user to
apply each sub-framework individually as required. Finally, the infinity process was
designed to be a cyclic and repetitive process with the ability to restart the process
when required.

It is important to note that this framework was designed by following the product
development process within the field of interaction design. All design decisions
and prototyping involved digital interfaces exclusively. However, the framework
is application for projects in other fields by suitably involving stakeholders from
other disciplines as required. Further, it does not aim to elaborate on what design
tools or methods need to be employed while conducting research or conceptualizing
solutions. These decisions are left to the designer employing this framework.
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34.5 Future Scope

An important consideration within this framework is to consider the role of product
viability andhow it fares in its respectivemarket. It includes several other factors, such
as profitability, revenue streams, and financial forecasts. This last very crucial step in
understanding the business angle is not included in this framework and can be further
developed. Also, the framework has been developed using only one interdisciplinary
project. It can be further refined over several other projects.
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Chapter 35
Co-designing with Visually Impaired
Children

Anupriya Gupta, Lokesh Fulfagar, and Pankaj Upadhyay

Abstract Co-design methodology takes user-centred approach a step ahead by
including end-users directly in the design process. It ensures that their needs are
well addressed by involving them as true experts of the experience. But when it
comes to visually impaired (VI) children, it presents some unique challenges which
mostly remain unaddressed with limited research in the domain. The paper addresses
this gap by presenting a set of learnings which can assist the development of tech-
niques for co-designing with VI children. We explore the co-design methodology
for conducting ideation as part of a broader project centred around indoor navigation
for VI children. We begin with a discussion of existing literature around co-design
techniques for children and related work done for VI adults. Primary research was
further done to understand the routine activities that VI children involve in and the
challenges they face. Inspired by the insights gathered from this research, new co-
design techniques were ideated. In all, five activities were chosen and conducted
during the co-design session with six VI children. Findings and observations from
this session are presented in the paper. Activities were found to be useful and thought
provoking amongst children. It helped them in thinking and expressing new creative
ideaswhich finally contributed in determining key directions for the solution. Finally,
we present our learnings and discuss the best practices for conducting co-design
sessions with VI children. These learnings can be further expanded and referred by
fellow practitioners to buildmore innovative and accessible solutions for VI children.
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35.1 Introduction

The WHO estimates that there are 285 million visually impaired (VI) people in the
world, ofwhich 39million are blind [1].Also globally, only 1/10 disabled people have
assistive products at their disposal [1]. Thus, there is a pressing need for more inclu-
sive design for the future. Co-design is one such co-creation method of designing,
where solutions are created in collaboration with the actual users. This hands-on
collaboration has been proved to be an effective way of uncovering latent needs
and developing effective design ideas for VI [2]. Moreover, involving children as
active equal partners has shown to promote a meaningful exchange of ideas leading
to better design outcomes [3]. There is a rich literature existing around co-design
methodologies, but when it comes to designing along with VI, there are only limited
tools available, especially for VI children. In this paper, we explore the co-design
methodology with VI children as a part of a broader project concerning effective
indoor navigation for VI. We focus on the extent to which existing co-design tools
and techniques for children, that are not essentially designedwith visual impairments
in mind, could be adapted to be used for co-designing with VI children. We build on
the existing work to find out effective ways of approaching the set-up, designing the
activities and propose a set of learnings which can be used by practitioners seeking
to include VI children in their design process. Over the course of the paper, we
first discuss the existing literature in the domain of co-design techniques for chil-
dren and expand it to include the same for VI adults. We conclude with the limited
research available for co-designing with VI children and highlight the research gap
that we aim to answer. Moving forward, we explain the methodology starting with
our primary research followed by the five activities designed for the session. We
then explain the details of the participants and set-up before describing the complete
co-design session in detail. We summarise our research outcomes into two parts—
project insights related to indoor navigation and the lessons learnt from the co-design
session. Through this, we seek to empower users with visual impairments to actively
participate in the design process and at the same time facilitate the designers and
researchers to uncover insights from their experiences and develop more impactful
solutions together with them.

35.2 Literature Research

Co-design has become an increasingly popular domain with its unique approach
of involving end-users directly in the design process. Different methodologies have
been developed by researchers to facilitate the involvement of varied user groups [4]
across different phases of the design process including understanding, idea gener-
ation, prototyping and evaluation. There is a growing interest towards inclusion of
children in the design process. Research has shown children, as co-designers, to
possess great potential with their elements of natural playfulness and performativity



35 Co-designing with Visually Impaired Children 431

[5]. Practising co-design with children brings in a new set of dynamics and thus
demands a different set of techniques. Practitioners have evolved varied methods to
facilitate the inclusion of children in the design process [6]. The existing toolkit of
child–computer interaction also lists specific methods evolved for the same. Nousi-
ainen [7] classifies these methods into five categories—observation-based; (2) narra-
tive; (3) documentation; (4) art-based and (5) game-like. Although there exists a rich
research on the tools and techniques corresponding to each category of thesemethods
like storyboarding, prototype modelling, journal reporting, etc., [8] but most of these
are based on visual cues which limits its use to sighted children. Even the general
framework for participatory design given by Sanders and Brandt [9] is largely based
on visual capabilities [10]. However, recent years have seen an evolution of different
methodologies for co-designing with VI, focused mostly on adults [11]. Different
tools and material kits have been explored to create a tangible experience through
different materials, textures and a range of interactions to tap their creativity, for
example, e-textile weaving [12], exploring colours through sensory experience [13]
and prototyping with methods like blank model prototyping [14]. Also, significant
research shows that including visually impaired in the design process leads to uncov-
ering their latent user needs, better design outcomes and more successful adoption
with positive outcomes for the involved participants [15]. The scope of the research
available specifically for co-designing with VI children is still relatively limited.
Most of the research targets specific project areas like voice user interfaces in schools
[16], motor rehabilitation [17], development of toys [18] and multi-sensory-assistive
technology for education [19]. The research outcomes from these papers are greatly
detailed in the context of their specific project domains but are limited to just that indi-
vidual project. We could not find any set of generalised research outcomes that could
be extended to other project areas and be used for conducting co-design sessions
with VI children. We build on the existing research, focusing on addressing this gap
by formulating a set of generalised learnings based on our co-design approach with
VI children.

35.3 Methodology

The work presented in the paper forms part of the ideation phase of a broader project
concerning indoor navigation with VI children. The study spans over three phases—
research, design and implementation. The following sections discuss these in more
detail.

35.3.1 Primary Research

After an initial literature research, a deeper understanding of behaviour and lifestyle
of VI children was required for designing the co-design activities. With the same



432 A. Gupta et al.

objective, a primary researchwas conductedwithVI children of primary andmedium
sections of Guwahati Blind School to familiarise ourselves with their situation and
the day-to-day activities they involve in, especially navigation. During the full-day
visit to the school, observations were made around their activities, the problems they
face with those and how they adapt to them with their special abilities. Their mental
models and spatial understanding of the spacewere also understood. A key difference
was noted in the same between children who were born blind and late blind. Overall,
the interaction with VI people gave us a first-hand experience about who are the
people we are designing for and provided an understanding required for the activity
design.

35.3.2 Activity Design

Based on our literature review and understanding from primary research, we formu-
lated three factors to keep inmindwhile designing forVI participants—first, ensuring
accessibility, to keep them suitable for children with varying vision capabilities;
second, using simplified robust tools and set-up considering the limitations of budget,
mobility, and interaction dynamics; and the third around keeping the activities fun
and still enabling enough freedom of expression and focus towards the end goal.
Further, based on these, we conceptualised five activities for our co-design session.

SpatialMapping (Individual). The spatialmapping activity involves theVI children
in describing the surroundings they live in. In our context, this included their current
school campus with various blocks such as mess, classrooms and hostel rooms. The
aim of this activity is to understand their mental models and spatial understanding by
gaining deeper insights into how they perceive their surroundings and in what ways
do they remember and describe them.

Incident Sighting (Individual). The second activity revolves around narration, and
it triggers the students to think and talk out aloud about their specific past experiences.
For our project, we asked them to talk about their usual day in school premises, day
out experiences, local visits and home trips. The aim of this activity is to use their
anecdotes of past experiences to learn maximum possible in a short limited time.

Futuristic Scenario Ideation (Group). This is a group activity which involves kids
in an ideation session in a futuristic scenario described by the facilitator. They are
made to imagine their lives in a futuristic world and then probed to ideate on the
solutions in the form of futuristic super gadgets that they would love to have. They
are motivated to go wild by adding magical powers to those gadgets and further think
of details in terms of its features and working. The aim of the activity is to push the
limits and help them think out of the box. For our activity, the children were probed
to ideate on super gadgets that would help them in navigation.
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Magic box (Group). This activity continues from the previous one and aims to
involve VI children to co-create solutions translating their ideas into tangible proto-
types. A set of basic building tools are shared with the children using which they
give shape and structure to their ideated concepts by creating a dummy prototype.
In our activity, we used mechanics blocks [20] to build their ideated super gadgets
with magical powers from the previous activity. To ease the activity for children,
we prepared some elementary structures using those blocks which could be easily
attached or detached in different orientations and combinations to create varied
overall structures.

Ideas in Action (Individual). This is the concluding activity which takes the proto-
type developed in the previous activity and puts it into action. A task is framed by
the facilitator which the children have to complete using their dummy prototype.
Techniques like Wizard of Oz [21] can be put to use here to facilitate the working of
the prototype. The core idea behind this activity is to see the prototype in action and
observe the ways in which VI children interact with them.

35.3.3 Co-design Session

Participants and Environment. Students of the middle and secondary section of
Guwahati Blind School were approached for voluntary participation. Three boys
and three girls, of age 12–16 years, were chosen randomly from the set of students
who volunteered. In conversations prior to the session, the contact described the
participants as smart, active and mid-level tech-proficient. The contact also briefed
us about their language limitations. All of the six participants were late blind with
four partially sighted and two completely blind, as self-reported by them. Table 35.1
provides the participants details.

Henry [22] gives some recommendations while deciding an environment for a
co-design session with VI. Participants need to adapt to different aspects of the envi-
ronment like the structure of the room, the furniture present and their relative spatial

Table 35.1 Co-design participant details

ID Age Gender Level of vision Language Hobbies

P1 15 Female Very limited Assamese Singing

P2 16 Female Limited Assamese, Hindi Singing, playing
instruments

P3 13 Female Limited Assamese Games, reading

P4 15 Male Limited Assamese, Hindi Singing, technology

P5 13 Male No vision Assamese, Hindi Computer games,
cricket

P6 12 Male No vision Assamese Cricket
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positions. To keep the participants at ease andminimise any kind of difficulty in adap-
tation, we chose one of the classrooms in the school itself as the session location.
This also helped in avoiding the inconvenience involved with transportation for the
participants, as they reside in the school hostel inside the campus. The session did not
involve any monetary incentive for participants, and chocolates were distributed at
the end of the session. Due ethical approval was taken from Guwahati Blind School
and each participant, in the presence of a familiar person with no visual impairments.
Along with the participants, there were five volunteers in all to help in organising
and recording the session. These volunteers were students of design department from
Indian Institute of Technology, Guwahati. Volunteer V1 played the role of facilitator,
V2 and V3 helped in organising the activities, V4 was responsible for taking notes,
while V5 recorded the entire session. An additional sighted volunteer, V6, from
the school authority helped with translations, wherever necessary, throughout the
session. An initial briefing was also done to explain the volunteers about the project,
their roles, the guidelines and code of conduct to follow throughout the co-design
session.

Procedure. The co-design session was divided into six parts constituting an intro-
duction session and five activities as discussed in Sect. 35.3.2. Once the participants
were seated comfortably, volunteers introduced themselves in their own voice for
their oral identification. It was followed by a project and session overview by V1.
Theywere also explained about the recording apparatus and its importance, following
which their consent was taken in the presence of a familiar sighted person. Though
they were accustomed to the classroom already, a detailed outline of the room and
relative positions of furniture and volunteers were explained. The entire session was
recorded with a microphone integrated camera and two additional microphones.

The five co-design activities as explained in Sect. 35.3.2 were conducted sequen-
tially. After the second activity, the groups were divided into two with three partici-
pants and one volunteer, each. A few tweaks were needed to be made for the magic
box and ideas in action activities.We observed an initial difficulty faced by the partic-
ipants while using themechanics blocks. Thus, volunteers had to be actively involved
in assisting the respective groups. While the participants described the structure and
its physical features, volunteers undertook the task of attaching and detaching blocks
tomatch their description. Participants weremade to feel the evolving structure every
now and then to ensure that their descriptions were effectively translated to the phys-
ical prototype. Both the groups built one prototype each (Fig. 35.1). After thorough
explanations by both the groups, a voting sessionwas conducted. Based on the voting,
magic wand (Fig. 35.1b) was chosen as the favourite and selected for the final ideas
in action activity. In this activity, the task was to navigate from the classroom to a
defined point in the school garden, initially unknown to the participant, using the
smart gadget prototype. Due to time constraints, the task had to be limited to two
participants. Detailed instructions were given to P2 and P5, who volunteered for the
task. Being a dummy prototype, Wizard of Oz technique was employed, wherein
one volunteer enacted to substitute the super powers associated with the prototype
while the other volunteer assisted the participant throughout the task. Participants
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Fig. 35.1 Prototypes: a super ears by group 1: use sonar to predict route and obstacles. It can detect
location of the person to whom the user wants to go to, by hearing their sound; b magic wand by
group 2: guides the user by beeping when pointed in the right direction. User can also get the magic
wand directly in their hands by calling it when it is not near

Fig. 35.2 Children participating in different activities of co-design session

considered the complete task as a mission and seemed to enjoy every bit of it. On
completion of the task, each participant was given chocolates to mark their success.
The activity took around 10 min each to complete, and the whole co-design session
spanned around 3 h.

Following the activities, a small informal feedback session was conducted to
receive participants’ views focusing on the ideation and co-creation part. Detailed
feedback was also taken from P2 and P5 for the last activity about what they thought
of the magic box after putting it into use and what they would like to modify about
it. After the session, all the volunteers were thanked for their valuable support, and
detailed feedback was received from them (Fig. 35.2).

35.4 Research Outcomes

All the data recorded throughout the sessionwas collated for a thorough analysis. The
outcomes derived after complete analysis were broken into two major domains—
project insights and research insights. Theprior included the ideas and insights critical
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in conceptualising the final solution as part of the project, while the latter consisted
of key learnings from the co-design session.

35.4.1 Project Learnings

Other than the ideas generated in the ideation process as part of the co-design session,
there were some key insights observed from their behaviour and interaction methods
that formed the basis for conceptualisation of an indoor navigation tool. An initially
identified problem was the inability of the VI to walk in a straight line or any specific
direction independently without any aid. It was observed during the activity that the
VI with their heightened sense of hearing could interpret the position and direction
of a sound source and could even follow the same correctly. In fact, it was also
highlighted in their navigation anecdotes that they use this technique of snapping
fingers or clapping to convey their position to each other while navigating together.
This insight formed the basis of the solution which used the concept of 3D spatial
sound input to provide directions to the visually impaired.

Theother important insightwas that the participants felt at easewhen accompanied
by a friend while navigating. They used to form chains by either holding hands or
keeping one hand on the shoulder of the other person. In fact, they had their own
navigation partners and mostly moved around the school in pairs. Even most of their
ideas included their desire for independent travel, but still featured a presence of a
partner. This highlighted the need for a companion to help them in navigation as
well as build an emotional connection with them, which is something missing in
all existing solutions. It directed the solution to incorporate a virtual persona which
played a dual role of a guide and a partner.

These ideas and concept directions clearly originated from the insights discovered
in the co-design session and would have been not possible otherwise. This highlights
the value of including the end-users in the idea generation process, especially when
those users have different and special abilities than the ones who are designing it.

35.4.2 Research Learnings

Based on the learnings fromour study,we discuss here the best practices for designing
activities and conducting co-design session with VI children.

Focus on active senses. While designing the activities, one should be very careful
to not include any visual cues. This might seem like an obvious point at one glance
but it is very crucial and any sighted designer or researcher might overlook this
and miss it. The visually impaired often have enhanced abilities in other senses as
compared to sighted people. Thus, activities should focus on interactions based on
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other senses like touch and sound. One could also explore taste and smell depending
on the activity.

Understand the diversity of your participants. The key for designing the activities
is to understand the abilities and limitations of the audience it is being designed
for. The participants might have a varied range of visual impairment ranging from
partially impaired vision to completely blind. Somemight be born blind while others
can be late blind. Differences like these bring differences in basic mental models and
capabilities. Activities should adapt to these differences and align with the audience.
Language is another important factor that should be considered beforehand. Be well
aware of the participants’ first language andmake sure to have a translator if required.

Choose empowering tools, environment and dialogue. Throughout the session,
conscious efforts should be given on avoiding any instance that can potentially high-
light the differences in abilities between sighted and VI. Participants should feel
empowered and in control in all aspects from tools to environment to language.
The tools used should involve active senses and be familiar or easy to adapt by the
participants. It is important that they feel at ease in the space they are in, and the
best way to do it is by choosing an environment set-up familiar to them. All forms of
communications should be kept simple and comprehensible forVI children. Constant
communication about the time and status of the activity should be done to make them
feel in control. Also, one should be careful in using appropriate terminologies and
avoiding phrases related to sight like ‘if you look at this’, ‘if you point it in this
direction’, etc.

Ensure equal participation. In case of a group activity, the dynamics in the group
could significantly influence the results. The facilitator should ensure that everyone
participates in the activities equally. In case of mixed audience with different capabil-
ities, the distribution should be balanced well, so that everyone gets the opportunity
to voice their opinions and thoughts. Volunteers and facilitators should ensure that
their role in the activities is just passive and should avoid getting involved directly.
One should be really cautious that they are neither directing the conversation nor
interpreting the results only to confirm pre-existing beliefs. Also, keep the count
of the participants and volunteers less, ideally somewhere between 5 and 8. Larger
groups can cause confusion as it becomes difficult for the VI to identify speakers
based on voice.

Enable them to speak and express. Through the activities, bring out their thoughts
and perspectives in order to understand the actual needs. One needs to carefully draft
the conversations and activities in such a way that it pushes them to communicate
and express their thoughts constantly. The tools used in the activities should also
invite active engagement and interaction during the activity.

Be observant and recordmeticulously. It is very crucial to be observant throughout
the session and ensures a thorough audio–video recording of the entire session. It is
also a good practice to ask volunteers to keep adding their own observations as notes
to ensure all the observation points are recorded. Having said that, one should also
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ensure that the recording apparatus is explained to the participants, and their consent
is taken before any type of data collection.

35.5 Discussion

Through this research paper, we explored the relatively unaddressed domain of
engaging VI children in the co-design process. The exploration was conducted
methodically with proper research and understanding and turned out to be fun and
successful, where all the participants enjoyed the activities and designed creative
experiences that led to development of an innovative solution and paved the way for
the learnings as research contribution. Outcomes of the research include unbiased
rationalised observations which would be helpful for practitioners engaging in a co-
design session with VI children. An ethical dilemma that we faced over the course
of the study was keeping the expectations realistic with the participants. During the
session, they got overly enthusiastic about the technological prospects but the real-
isation that a research project might not always lead to a commercially available
product, made them a bit disappointed. It can be an interesting course to dive deeper
in understanding this ethical dilemma and the practices to address the same. Also
during the prototyping session, we observed that the participants faced difficulty in
interacting with the mechanics blocks and volunteers had to involve to help them
specifically in building the prototype. This highlights the importance of using appro-
priate tools that the participants are already familiar with or are analogous to what
they already use. The research was primarily focused around one centre and a limited
set of children, all of whom belonged to the local community of Guwahati, India.
It can be an interesting domain to explore how the cultural differences might influ-
ence the findings. Since it was an exploratory research with limited scope in terms
of time and settings, the findings might not be completely exhaustive. However, it
is still a significant starting point for enabling designers and researchers to conduct
their co-design session with VI people, especially children. In turn, we hope this
empowers users with visual impairments to voice their needs and motivations better,
by becoming an active contributor in the development of ideas and products designed
for them. We believe our contributions will help to address the gap in the domain
and enable the community to build on this research to deliver more accessible and
innovative design contributions in collaboration with the visually impaired.
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Chapter 36
Design-Audited Mass Communication
Model

Suresh Goduka and Amarendra Kumar Das

Abstract Assam is world’s largest tea growing region, even as the tea industry
labourers lag behind in human development parameters, suffering high magnitude of
malnutrition, infectious diseases, superstition. This research paper tries to understand
and analyse the communication process prevalent among them, whether various
communication campaigns have effectively served necessary awareness messages
to them, whether existing communication models are adequate for them and what
design intervention can do for a better tomorrow of such population by exploring
the scope of designing a new model. A usability study examines the characteristics
of their interaction with media and processing of messages and meanings. The gap
in communication message designs indicates the need for a new approach to deal
with the unique challenges. An intervention study has been conducted. A new and
exclusive model is proposed for them: a model of mass communication to be audited
on the principles of design and contextual usability.

36.1 Introduction

[Terminology: Communication Design: Design efforts with communication objec-
tives. Visual Communication Design: Design applications in communication using
visual channels. Mediated Communication: Communication that mediates through
interaction between screens, spaces and persons. Mass Communication: Communi-
cation directed to the mass of the people.]

About four million people live within and around labour lines or coolie lines,
the designated settlements for labourers working in Assam tea industry in northeast
India. They are descendants of 96 tribal communities migrated from Jharkhand,
Chhattisgarh, Odisha, Telangana, and other regions, and collectively known as tea
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tribe at present. They pluck tea leaves for one-sixth of global tea production. There are
visible gaps in standards of living of this tribe in comparison with other communities
living in proximity.

The Assam Human Development Report has revealed that the health status of
tea garden labourers is much below the state average [1]. Child Rights Situational
Analysis Study by Save the Children [2] has stated that the rate of missing children
especially girls and child trafficking is high in the tea gardens yet the reporting rate
is less. 63% children in the tea gardens are reported to have dropped out from the
school. Majority of the children reportedly start working at the age of 12–14 years.
Girls are either involved in the tea gardens or engaged looking after their siblings
while the parents are away for work. Child mortality is also observed, and reasons
are not known to the labourers. 64% female and 40% male labourers are illiterate.
Majority of the labourers are female, and 80% of them have more than 5 children [3].
Even after having a facility at home, 38.9% do not use toilets. 16.2%wash hands with
ash, mud and plain water after defection. Only 4% do filtration and 37.5% boil water
for drinking. Source of drinking water is accessible to domestic animal in 17.5%
cases [4].

A study by Indian Council ofMedical Research (ICMR) has revealed highmagni-
tude of undernutrition and infectious diseases among tea garden population ofAssam.
The study revealed high burden of communicable, non-communicable and nutritional
disorders among the tea tribe. Symptoms related to anaemia and associated morbidi-
ties are present amongst 75.8% adolescent girls [5]. Malaria, dengue, encephalitis
and other epidemics kill them in hundreds every year. Superstition and witch-hunt
have takenmany lives. There have been several mob lynching acts by the tea industry
labourers on the management or doctors serving in their tea estates. Around 69% of
them spend more than 50% of their income on country liquor and gambling. Only
18% of them know about welfare schemes available for the labourers.

Posters, loud speaker announcements, printed leaflets, special programmes on
radio and television are part of the communication campaigns created in the state
language and disseminated by the governments and the tea industry managements.
Such campaigns include those on sanitation, nutrition, maternal health, adult educa-
tion, banking, drinking water filtration, family planning, waste disposal, educate girl
child, prevention of alcoholism, skill development, disaster preparedness and such
other themes.

This leads us to the following research questions:
(1) Whether existing models are adequate in community-context-based commu-

nication? (2) How design intervention can help mass communication models? (3)
Whether a design-auditedmass communicationmodel can be proposed for improving
conditions of communities such as the Assam tea industry labourers?

The design literature contains models that represent the relationship between
how designers intend artefacts to be experienced and how they are subsequently
experienced by the users. In de Souza’s model of human–computer interaction, a
distinction is made between two communicative roles of software products: they
are messages sent from designers to users through the computational medium, but
they are also “message senders and receivers at the immediate interface level”. In
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addition to representing software systems as media, de Souza [6] represents users as
interacting with those media by providing them with “input codes” and interpreting
their “output codes”. Thus, the users’ interpretation of the artefact leads to action,
and this action causes the artefact to exhibit some changes in it. This change is
then perceived and interpreted to allow further action. Krippendorff and Butter’s [7]
more general design model situates the product within a context of use and represent
consumers or users as manipulating not just the product, but the context too, and
receiving feedback from both.

We can look at the communicative aspects of design from two different but related
perspectives: first, from a perspective that views design as interpersonal communi-
cation and second, from a perspective that views design as mass communication.
Research into mass communication has not been benefited by the knowledge and
methods from neighbouring fields such as interaction design, human–computer inter-
action, service design and user experience (UX) design.Mass communicationmodels
give not much room for user involvement, contradicting much of the consensus
in contemporary design research. Models remain ineffective unless the approaches
are user-centric; unless they are understandable, meaningful and desirable by the
users. There lies the gap. Information campaigns cannot achieve effects without
understanding how audience members process messages [8].

The traditional communications models hold that mass communication is a one-
to-many process, which presume the growth of a passive mass “audience” common
in their tastes with respect to the information being transmitted rather than heteroge-
neous users seeking varied experiences. Later researchers brought attempts to isolate
systematic receiver differences as the focal point of message design. We reviewed
features of some of the communication models that are relevant to the discussion.

Shannon’s [9] model of communication, with its representation of “communica-
tion as transmission”, has strongly influenced communication theory generally and
design theory specifically. It has encouraged scholars to represent artefacts as the
transmitter of a message that is subsequently decoded by the users. “The designer
transmits a message to the user by using the product itself as the device of transmis-
sion”. Although Shannon’s model is one of the most commonly cited representations
of the communication process, its structure and language are often claimed to offer an
inappropriate foundation for design thinking. In particular, the notion that artefacts
act as transmitters has been strongly criticised for casting users of the artefact in an
overly passive role [10]. Instead, users approach artefacts with their ownmotivations,
experiences and expectations, and therefore artefacts will be interpreted in different
ways by different people in different contexts, or as per the way that artefact relates
to its surroundings.

Newcomb’s model [11] provides a triangle with a simplistic indication of how
people and systems in a society attempt to maintain equilibrium within the social
system. This “fundamentally different” model was the first to introduce the role
of communication in a society or societal relationship [12]. While subsequent
studies have not supported the concept, the fact of the process continues in much
of the communications literature albeit frequently now disguised as a “multi-step
flow” [13]. Katz and Lazarsfeld in their two-step flow of communication were also
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Fig. 36.1 Schramm’s model. Source The process and effects of mass communication

concerned with the part played by people in the flow of mass communication in
their study of the “diffusion of opinion”. They first named the “personal influence”
paradigm, codified it and brought it to the centre of the field [14]. This perspective
recognized that informal social relationships played a significant part in modifying
the manner in which given individuals acted upon a message that came to their
attention via the mass media. They referred to these perspectives as interpretive
frameworks on how people encounter the media. The psychosocial and other factors
became incorporated in subsequent communication models which led to a prolifer-
ation of increasingly sophisticated versions of the linear, stimulus–response model
or cause–effect interaction. With a concern for how mass audiences interpret these
messages, Schramm [15] depicts many individual “receivers”, each responding to
one of many identical messages. Each of these receivers is connected to a group
whose other members may or may not have received the same message, but who
nevertheless interact with each other. As they interact, they respond to each other
and to each other’s interpretations, and this prompts reinterpretation of the message
(Fig. 36.1).

The classical Westley and MacLean’s model of mass communication [16], that
applies to all artefacts to which people attach meanings, presents a “gatekeeper”
phase, a one-way filtration for encoding from source, but no filtration for decoding at
destination. The eventual users of the messages have no direct access to the message
creators or designers. The processes by which the communicators’ intentions are
translated into artefacts are therefore only loosely connected to the processes by
which users interpret those artefacts. It does not properly account for activities such
as participatory or collaborative design.

“In Maletzke’s model of the mass media, those who construct and those who
interpret messages are each depicted as holding an image of the other party. This
may influence the intentions that are held, the messages that are constructed, the
media selected and the interpretations that are formed” [17]. The creative process of
message design is depicted as cyclic; communicative intentions shape the message,
but the message and the medium bywhich it will be expressed both inform intentions
(Fig. 36.2).
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Fig. 36.2 Maletzke’s model. Source Psychology of mass communication: theory and systematics

Lars’ [18] alternative model is intended to highlight the essential communica-
tion entities and their interrelations, and potentially to cover all conceivable kinds of
communication of meaning. It is designed to account for both verbal and nonverbal
meanings, the different roles played by minds and bodies in communication, and
the relation between pre-semiotic and semiotic media features. By avoiding the
notion of code as a collective formula for meaning creation, this model claims to
have the capacity to deal with all sorts of cognitive import. The visual diagram
of this new model contains three entities of communication: (1) Something being
transferred: cognitive import. (2) Two separate places between which the transfer
occurs: producer’s mind and perceiver’s mind. (3) An intermediate stage that makes
the transfer possible: media product. Additionally, it displays four essential inter-
relations among these entities: (1) An act of production “between” the producer’s
mind and media product. (2) An act of perception “between” the media product
and the perceiver’s mind. (3) Cognitive import “inside” the producer’s mind and the
perceiver’s mind. (4) A transfer of cognitive import “through” the media product
(Fig. 36.3).

Fig. 36.3 Lars’ model. Source A medium-centred model of communication. Semiotica, 3 (2)



446 S. Goduka and A. K. Das

Blake and Haroldsen [19] predict that people with similar social and demographic
characteristics demonstrate similar mass communications behaviour. The effects of
mediated messages on audiences’ intensions and behaviours are likely to be channel-
ized through their more immediate perceptions [20]. The technological determinism
perspective of Innis, followed by McLuhan, believes that the nature of media tech-
nology prevailing in a society at a particular point in time greatly influences how the
members of that society think, act and behave [21].

With the rise of the Internet technologies,many“barriers” of the previousmediums
are non-existent now. As the source is empowered to directly publish or broadcast
content, the new media is becoming “a user-friendly yet mass media” [22]. Hoffman
andNovak [23] observed that in computer-mediated environments like theweb, users
engage in two general categories of behaviour: goal-directed and experiential. Goal-
directed behaviour corresponds to a directed search mode of network navigation in
which the user is extrinsically motivated to find a particular site or piece of infor-
mation on a site. Experiential behaviour is intrinsically motivated and corresponds
to a non-directed, exploratory search mode. They suggest an alternative model of
many-to-many mediated communication. In their new mediated model, information
or content is not merely transmitted from sender to receiver, but instead, mediated
environments are created by the participants and then experienced.

Internet, with its decentralized technical structure, facilitates interactivity and
individuality among its users herald the arrival of what is described as the “second
media age” [24].

With the advent of such overpowering new media, emerged concepts such as
communication design, media design, new media design, aesthetic design. The
concept communication design, closely related with visual communication design
and graphic design includes thework of numerous scholars who use design as amode
of media research besides media innovation and development outside of academia,
in particular in the media industries [25].

Sullivan and Carr [26] observed that with the emergence of powerful and flex-
ible digital communication tools, individuals are using communication technolo-
gies in ways that expand the intersection of interpersonal communication and mass
communication, calling for new frameworks. They introduced the mass personal
communication model incorporating two dimensions—perceived message accessi-
bility andmessage personalization—that linkmass communication and interpersonal
communication and redefine each independent of channel.

Having now considered the discussions so far from the available literature, we find
that the communication models have remain inadequate in context-based communi-
cation that can effectively serve necessary awareness and empowerment messages
to the users who have no access to the process of message designs. Their mental
model is not represented in the communication campaigns. This gap indicates a
need for new methods and approaches to deal with the unique challenges involved
in designing for media. We therefore examine the scope of design intervention in
mass communication models and explore a new model for improving conditions of
communities such as the Assam tea industry labourers.
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36.2 Methodology

36.2.1 Observation of Five Human Factors

For a primary research on how the tea industry labourers behave with the existing
mass media tools as activity and as part of the society, we went into the tea garden
areas in Charaideo District of Assam, India. We observed them in their own settings
and took down notes and categorized the observations into five human factors:
physical, cognitive, social, cultural and emotional.

36.2.2 Usability Study

We conducted a pilot survey among the tea estatemanagements. They are the owners,
patrons or organizers of various communication channels in the tea industry areas.
The survey examines the status of the tea industry labourers’ mass communica-
tion consumption and processing, as well as the scope for a new model, from the
management point-of-view. A questionnaire [27] was designed as a tool for the study.
The selection of respondents is performed by means of purposive random sampling.
Twenty-four managers and deputy managers from Assam took part in this survey.

36.2.3 Intervention Study

We experimented with a reception-based intervention among the tea labourers’
community. For awareness on COVID 19 and lockdown, we prepared an audio, and
subsequently a video [28]. The language was tea tribal. All visuals, colours, faces,
ambience reflected the tea tribe. The narration was conversational, the way they talk
among themselves, although it contained information prescribed by World Health
Organization (WHO). The audio and the video were sent to tea industry labourer
associations and groups for wider dissemination. They were sent an e-mail asking
them to listen and view the audio and the video. They were asked to respond to a few
questions about the same.
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36.3 Results

36.3.1 Observation of Five Human Factors

Physical: The tea industry labourers and their families experience physical interac-
tion with the media outlets as luxury items; most of the television remotes have either
been missing or broken by kids or the cells were not replaced on time; most house-
holds have no newspaper or magazine. Cognitive: They use mass media outlets as
entertaining objects, irrespective of whether they are watching, listening or reading
them, as time-pass items, without provoking any new thought; they are largely indif-
ferent to the outdoor advertisements like posters or banners on the street sides.Social:
They are a close-knit society and behave each other with an affinity of same tribe, as
most social interactions are informal and casual, and this reflects in their interaction
with media as well; garden shows film screenings and theatre shows are social plat-
form for them tomeet and entertain.Cultural: During traditional festivals likeKaram
Parab and Jhumur, the radio plays their songs and television channels run special
programmes. Emotional: They clap while watching a movie, talk in between, and
exclaim together when an action or emotional scene is displayed on television screen.

36.3.2 Usability Study

The questionnaire returned interesting patterns for interpretation. The data collected
are qualitative. Most of the labourers do not read text in the posters, and images and
colours, not words attract them into a poster. The posters are in the state language,
and not in the dialects of the tea tribe. Only a few of them listen to radio. Background
music and songs attract them to tea labourers’ special programmeon radio, andnot the
message. Not all of them understand TV advertisements about government schemes
and public interest appeals. Not all of them understand even the mic or loudspeaker
announcements in the tea estates. There is no public awareness advertisement in
the beginning or interval of the garden show cinema screenings. There is usually
no plays/drama/theatre performance in the tea estate areas. The management think
that existing mass communication medias are not sufficiently improving the social
behaviours, knowledge, attitudes, practices of the labourers, and a redesigned mass
communication may help.

36.3.3 Intervention Study

The audio prepared for intervention study on awareness of COVID 19 and lockdown
was used formic announcements in tea industry labourers’ coolie lines. Tea Research
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Association (Tocklai Tea Research Institute) sent the video prepared for interven-
tion study on awareness of COVID 19 and lockdown to all tea estate managers of
Assam, Bengal and Tripura for wider use. The responses to the mailers validated
that this audio and video had helped to make tea tribe population aware on the
subject of COVID 19. The message design principle was simple: the verbal and
the visual language were not of the communicator, but of the audience, so that it
connected the community with their own context. We received number of requests
fromvarious agencies for similar videos for their communities. The second videowas
designed [29] for Meghalaya state government targeting the Khasi community and
well received. This design concept has thus demonstrated its usefulness in practice.

36.4 Discussion

By analysing the insight gained from observing five human factors of Assam tea
industry labourers,we understood that for them there is either a luxury or an entertain-
ment element associated with mass media tools and devices. The key insight is that
tea industry labourers need a new design that will create an altogether different expe-
rience for their media use. The usability study shows that the labourers’ media expo-
sure is limited and not in tune with the technology. Whatever media they consume,
the processing of messages and meanings is not making them informed. Their take-
away from the media is sensory, without the inherent communication. Existing mass
communication medias are not sufficiently improving the social behaviours, knowl-
edge, attitudes, practices of the labourers, and a redesigned mass communication
may help. This is in fact validated by the simple intervention of context-based audio
and the subsequent video designed exclusively for them.

36.5 Conclusion

Gaps in message designs have emerged in the case of Assam tea industry labourers.
The solution lies in a new model of mass communication to be contextually audited
on the basis of principles of design. Beyond involving design during production of
media or message, this model necessitates the central role of design in decision-
making for communication plans for the target audience. With respect to model
development, this would involve taking into consideration the principles of visual
design, interaction design and contextual usability. By varying the parameters in this
design-based model of mass communication, we can produce a variety of responses
with different end results in terms of awareness levels and behaviour changes. This
will even require orientation of the end users of how they experience and interpret
the representations of the intended communication. This will reconcile between the
message sender’s goal and the recipient’s mental model. This may act as a step
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towards developing future models of design interventions in mass communication
with scope for context-based adaptation.
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Chapter 37
Impact of Culture on Design Versus
Design on Culture

Lau Langeveld and Amarendra Kumar Das

Abstract Globalization has led to manufacturers selling their products all over the
world and due to financial and manufacturing feasibility of designed products, these
are mass manufactured and sold in different parts of the world. However, success of
a product is impacted by the culture of a country/region. Therefore, it is important
to consider cultural impact on design. Similarly, design can have significant impact
on culture of a country/region. This paper studies impact of culture on design and
vice versa and proposes a table for culture versus design, with qualitative parameters
for culture and design and this is justified through case studies from two different
culture. In these case studies, the impact of culture on design and design on culture
in India and the Netherlands were carried out by considering the proposed table. The
results help in understanding the impact of culture on design and vice versa.

37.1 Introduction

Culture versus design shows the difference in manifestation. Culture is about what
happens in society and Design is about realizing the things that meet people’s needs.
Culture has impacts on design and design too impacts culture. The impact is not
reversible from culture to design and from design to culture; both directions have
different parameters to reach the goal. For the impact, see Fig. 37.1

The significance of culture and design must first be investigated, regardless of
the impact. Then identify the influencing factors for achieving an effective result.
The influencing factors are arranged in the order of importance. Of course, there are
many other identifiable factors that need to be studied.

The research question is, what are the influences of culture on design on one
hand and of design on culture on the other hand? Mutual influencing factors must be
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Fig. 37.1 Culture versus
design

identified by means of a literature study. These influencing factors are determined
as parameters, but due to the different language used in both domains also have a
different accent. For example, happy as a fact in culture requires a design to evoke the
concept of happiness, to be referred to asHc (happiness in culture) andHd (happiness
in design).

After the exploratory study of the domains of culture and design, the influencing
factors must be determined in a table with columns for culture and design. The rows
are the subjects. The research question thus helps to understand what really means
the impact of culture on design versus design on culture.

A literature review and the exploratory study for the domains of culture and design
will provide the influencing factors with which the case studies are carried out. These
case studies are studied and explained in two different environments:

1a. A design from India that changed the behaviour of the Indians,
1b. A cultural change in a part of India that changed the design.
2a. A design from the Netherlands that has changed the behaviour of the Dutch,
2b. The cultural change of Dutch society by the Delta Works design.

The discussion highlights the threemost prominent parameters and examines their
impact. The impact must be measurable from the effort consisting of knowledge,
method, time and money. Subsequently, the conclusions can be drawn that the time
over which it will be measured is the dominant factor.

37.2 Literature Review

In the literature review, mainstreams of the domains on the culture and design and
also their impact features were explored. The impact feature must be researched
on the properties for culture on design and design on culture. About the domains,
culture and design have tremendous amounts of scientific literature available that we
searched on known experts, institutions or universities, journal papers and blogs. For
the impact features, different domains need to be searched including the Internet to
arrive at a definition of the impact of culture on design and design on culture.
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37.2.1 Culture

Culture starts with the definition of Sir Eward B. Tylor from 1871 [1], which reads as
follows: “Culture … is that complex whole which includes knowledge, beliefs, arts,
morals, law, customs, and any other capabilities and habits acquired by [a human] as
a member of society”. This definition of culture includes also the five basic charac-
teristics as: learning, sharing, dynamic, existing and the whole (Material from MIT,
MIT21A 01F12). In the book of the psychology of culture shock fromWard et al. [2]
shows the psychological and social processes of learning, sharing and experiencing
when intercultural contact take place. In general, it is the main culture aspect covered
by the book and definition.

Organizational culture. The more specific organizational culture has been
covered by Hofstede, Handy and Schein in their works. Three different visions are
the most known at the moment; Hofstede with his five factors influencing culture,
Schein with his three levels, Handy with his four types of culture. All the organi-
zations have to design their own organization culture based on value, assumptions
and artefacts [3]. Johnson’s culture web embraced the organizational paradigm [4]
from within the web. The six elements of the web are interconnected and have
internal behaviours in the organization and outside the organization. The internal-
related elements are symbols, stories and routine and rituals, and the external-related
elements are power structures, organizational structures, control systems. The web
offers many opportunities for human developments in communication, skills and
knowledge.The relationshipswith the customers have internal and external behaviour
in the organization.

Cultural mapping. Cultural mapping is a method to identify the identity of indi-
viduals, institutions, communities, associations, clubs, etc. This method finds out
the strength against the weakness of the many cultural aspects of life: creativity,
empathy, communication, social behaviour, morality, etc. Erin Meyer in her book
“The Culture Map [5]” decoded how people think, communicate, lead and the things
get done across many nations. The USA, China and India are so big, for example,
that the cultures can be completely different from the north to south and west to east,
metropoles, cities, urban areas and rural areas.

A quote by Pillai (2013) and Rashid (2015) from a University of the Philippines
delivered lecture on Cultural Mapping [6] reads as follows: “Cultural mapping is a
systematic approach to identifying, recording, classifying and analysing a commu-
nity’s cultural resources or cultural assets that traced the historical, economic, social,
geographical significance of a site”. This quote shows the culture’s aspects of living,
what is needed for the impact.

Culture profession. In our modern culture, a culture profession is a necessary
evil to train high-level specialists for the future. But which professions are important
in the future to indicate stewardship. Professional culture has a structure consisting
of two elements: knowledge and value that must remain guaranteed for the future.
The element of value includes the professional obligation which consists of personal
and social matters and forms with the moral and civic duty, the profession of ethics.
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However, the element of knowledge with the gigantic growth of information requires
only a method to absorb the necessary knowledge for a profession and to share this
knowledge [7].

37.2.2 Design

Design is caught with culture, material (tangible), non-material (non-tangible),
process, nature, value and thinking. It takes great effort to fully explore these domains
and to look for the impact of the domains on culture. The following examines the
design culture, nature of design, material side of design, but also the non-material
side of design, design process, value design and design thinking.

Design Process. Design is a creative process for solving problems of economic,
social and cultural issues [8]. A design process goes through many paths that are
laid down in a large number of methods, sequential, linear, circular, spiral, waterfall,
etc. The common goal is to create or search for a solution. Creating a solution is
often carried out by a designer and searching for a solution is often carried out by
technocrats [9]. The designer is allowed to fully deepen his creative skills within the
set problem limits with the aim of producing a result that enriches the community.
The technocrats are looking for solutions that can be a new combination of partial
solutions, the combinatorial power plays an important role in this [10].

Design Thinking. Design thinking can be carried out by anyone, provided the
focus is on the design and the design process [11]. In order to discover the impact of
design and culture, new pathsmust be taken in theway of thinking and demonstrating
that it is a good way to map out the right influences. Being aware of the fact that
researchers think in a solution-oriented way, while the solution lies in the space of
problem-oriented thinking. In a literature review of the aforementioned design and
cultural aspects, problem-oriented thinking investigates the possible impacts. These
will guide the case studies.

Design Value. Design values are principles that create and shape our lives.
The designers embody the design values through their qualities and characteris-
tics to jointly develop the world that successfully distinguishes itself from others.
According to Ivar Holm, five basic design values can be distinguished: aesthetic,
social, ecological, traditional and gender. Individuals have their own design values
that they use in their design work or practice. The personal design value is unique,
such as empathy, learning experience, skills, creativity, behaviour, beauty, happiness,
harmony and experience. Positive design values can be overshadowed by the nega-
tive design values, and these are the design restrictions imposed externally by clients
or internally, the inner person himself.

Nature of design. The nature of design consists of a number of views, first, the
way in which it is carried out, second, the nature of the engineering design and third,
the coincidence of how the design is done. These views are considered inmore detail,
but certainly also design inspired by nature should be considered.
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The execution of the design can be done in a natural way by adding more and
more design information to the already existing. Facts are collected and arranged in
logical order in order to develop something from abstract to something concrete, a
gestalt [12].

Design Culture. Design culture, which must also be further investigated. None
other than Manzini can be taken as a start with his vision of design culture and
dialogic design [13]. For him, the design culture has changed considerably from
“objects” to “thinking” and doing’. The design has become a means of approaching
very complex design problems from a human perspective and often solving persistent
social, ecological and even political problems. The design culture changes through
our thinking, acting and doing such as the design methods, development methods,
but also the production processes. Perhaps another step needs to be taken to integrate
spiritual life and human aspects with design and production processes.

The design culture plays a vital role in the design process at design institutions,
design studios, design departments, etc. The internal and external design aspects are
essential here. For example, at design for the elderly, the external aspects are more
important than the internal ones associated with culture and organization. Internal
factors such as design, validation, production preparation, process communication
often lead to a beautiful product. However, when the external factors are not involved
in designing for the elderly, this often leads to design failure.

Design by Nature. Design by nature offers the elements of the sensuality of
nature such as colour, structure, symmetry, harmony, beauty and form [14]. The
whole gamut of colours can be experienced all day between light and dark. A day
contains an amount of light and dark depending on the season, weather conditions
and location. Man is dependent on light in his existence, and it also determines the
mood of them. Little light gives them a chance of gloom, but bright light gives them
an energetic life. Structure gives people dedication in their daily actions, in nature
this dedication is based on the structure of the particles without any hindrance. A
good structure of a problem often leads to a creative uncompromising solution.

Nature has a great wealth of observable value that teaches mankind to live in a
wide variety of cultures and to come up with social and economic solutions.

Design of Material/Tangible Products. Design of a material/tangible object
consists of observable elements and principles and contributes to the cultural iden-
tity of its environment [15]. A material/tangible object is a product that is used in its
cultural context, for example a Frisian pink cake from Friesland, the Netherlands or
Mysore sandal soap from Karnataka, India.

Complex products such as the car are distributed all over the world and cause
cultural poverty in the world. Each country or region will have to make its own
contribution to maintain its identity. But be independent of possible feasibility by
others.

Design of Non-Material/Intangible Products. A non-material/intangible object
has no physical expression, but the elements and principles are based on audio, visual,
touch, taste and smell which appeals to our sensory capacity for our cultural identity
and its existence.
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Another example is the design of a fragrance from the natural environment to
make spaces more comfortable that is usually enclosed in a fragrance carrier.

37.2.3 Impact

Impact cannot be captured in formulas because the results are unreliable due to the
cultural interpretation, which cannot be generalized. Take the concept of design,
which has general design aspects, but also the cultural characteristic aspects such
as colour, appearance and interaction. But the designs are also often produced in a
country or state where the business concepts are interpreted differently worldwide
such as TQM total quality management, JIT just in time and BPR business process
reengineering.

Impact factor. The impact factor for journals is a generally accepted concept in
the publishing world, but how it is measured remains a hot topic. Namely, how many
researchers are working on it, the domain of publication; the overlaps with other
domains are sources that yield the unreliable or meaningless impact factors. So this
model cannot be used for the purpose of impact assessment either.

The impact of thinking. The impact of thinking about the design has multiple
facets, namely thinking is amental activity that thoughts convert into physical objects.
The mental activity is done by the individual in the appropriate manner. Thinking is a
personal brain activity, which is unique, depending on knowledge, skills and motiva-
tion. The result of the entire design process is strongly influenced by the thinking and
application of creativity. Thinking can have many starting points—rational, logical,
intuitive, emotional, visual, design, practical, cosmopolitan, technical, etc.During the
design process, these thinking forms are used, with the different skills andmethods to
achieve a successful result. A successful design can only be achieved through design
thinking that determines the impact on design [16]. Design thinking is a cultural
characteristic. This means thinking is one parameter of the impact from culture on
design.

Social Impact. Social impact is created by the efforts of companies, institutions,
individuals and activities on others that bring about change [17]. The change can also
have an impact on cultural life. For example, a design of a curriculum for autistic
children has a social impact and also a cultural impact on society. So social design
has the goal to achieve a social impact and also a cultural impact for the individual,
his environment and society.

37.3 Research Exploration

The exploration briefly examines culture, design and impact to come up with a
table showing culture versus design with many facets that have been translated into
parameters.



37 Impact of Culture on Design Versus Design on Culture 461

Culture is a collective characteristic of a group or category of people who differ
from each other. The culture of a particular profession can be described with distinc-
tive features. Culture as a concept encompasses a large number of knowledge areas
in our digital age: education, learning, social, economic, industrial production, orga-
nization, politics, religion, art, lifestyle, habits, etc. Here only the knowledge that is
more closely related to the design directly or indirectly is considered. Culture also
has five basic characteristics [18] that all cultures have in common, such as dynamic,
learning, sharing, based on expressions of the whole and a holistic approach.

Design has many facets, these are described in the literature study and some give
cause for further explanation. Design culture is completely different from culture
design, because one means under which conditions the design is created and the
other means creating a new culture. Design thinking should not only focus on design,
but there should also be space for other knowledge domains. Thought has so many
facets that enrich design thinking, such as spirituality, intuition, concentration and
mysticism.

Impact requires a certain approach that is worthy of culture and design and so a
qualitative approach is suitable. Namely, a makeable world becomes unliveable, it is
not a mathematical model. Social impact also needs a qualitative approach through
each unique contribution.

Qualitative parameters for culture and design in Table 37.1 are used in the case
studies. The parameters are always provided with a subscript c or d, but also capital
letters C and D with subscript. These are used to make a good analysis of the cases.

37.4 Qualitative Impact Parameters

Qualitative means a described value assignment that will always be subjective: an
actual assignment, a value indicated by a number. Happiness is a concept that is
different for everyone, so a qualitative parameter that only produces a qualitative
difference of more or less with another. Time and energy are described with band-
widths for the qualitative impact parameters. Hc from Table 37.1 has a holistic
parameter description in the domain of culture with dimensions: time, energy, all-
encompassing, happiness, flourishing and austerity. Wd from Table 37.1 represents
the whole in the design domain with dimensions: content, volume, material, number,
mass and quantity.

The culture parameter C1 has many dimensions that are almost impossible to
name, but they all relate to what takes place in community. The design parameterD1

also has many dimensions, all of which relate to realizing people’s needs.
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Table 37.1 Culture versus design, with qualitative parameters for culture and design

Culture versus design

Culture Design

Culture is about what happens in a society C1 Design realizes the things that fulfil the
needs of people

D1

The whole W c Problem of a part Pd

Social Sc Social solution Sd

Religion Rc Spirituality Ds

Family Fc Individual Di

Lifestyle Lb Needs Dn

Elderly Ec Designs for and by elderly Dfe

Art Ac Form giving Fg

Behaviour Bc Functional fulfilment Df

Happiness Hc Happiness Hd

Group or like-minded Gc Team Dt

Profession Pc Value and knowledge Dvk

Mapping Mc Identifying Design Task Dit

Dynamic Dc Redesign Dr

Learning Lc Experience De

Sharing Sc Exchange Dex

Holistic Hc Whole Wd

Impact Ic New design methodology Dm

Changes Cc Impact Id

37.5 Case Study India

Culture impacting design: Defecation system in India historically till date

In many parts of India, there was open defecation and this was culturally acceptable
and agricultural fields and adjoining forest land, etc. Defecation was considered as
impuring act and after defecation, ablution was essential to visit any place of purity
like temple or place of prayer. This practice was also difficult for elderly people.
Later on as the population increased and in bigger settlements came up, design of
service latrines came up outside the residences. These were serviced by lower caste
people and the Father of the Indian nation, Mahatma Gandhi, popularly called as
Gandhiji tried to eradicate this culturally degraded practice and called these people
as Harijan, God’s People.

In many parts of India, there was open defecation and this was culturally accept-
able and agricultural fields and adjoining forest land. Defecation was considered as
impuring act and after defecation, ablution was essential to visit any place of purity
like temple or place of prayer. This practicewas also difficult for elderly people. Later
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on as the population increased and in bigger settlements came up, design of service
latrines came up outside the residences. These were serviced by lower caste people
and the Father of the Indian nation, Mahatma Gandhi, popularly called as Gandhiji
tried to eradicate this culturally degraded practice and called these people asHarijan,
God’s People. Later on Government banned this practice but country had difficulty
in overcoming this practice. Over a period of time, as education propagated amongst
people, and this practice became culturally unacceptable, service people unavailable,
disposal of defecated matter difficult led to design of septic tank. Thus, the culture
influenced design and this led to finally toilet being part of every household and
attached to part of even bedroom. The cultural parameters and corresponding design
parameters are followings:

C1,D1,Sc,Sd,Rc,Fc,Di,Lb,Dn,Ec,Dfe,Bc,Df,Cc,Id.

Design impacting Culture: Portable LPG cylinder and LPG Gas stove

One design that has impacted the culture of India and the lives of women folk that
is a portable LPG cylinder and a LPG gas stove. Indian population used firewood
for cooking and for rural population, primarily women folk, it was a difficult, time-
consuming but the routine task to go for collecting firewood from various sources.
For this reason, girl children were also engaged and they had to forego their school.
Burning of firewood indoor also had an adverse effect on the health of the people. For
the rich people, they used to buy firewood and all these resulted in deforestation and
resultant soil erosion, flush flood, etc. Design of safe portable LPG cylinder and stove
led to non-use of firewood and clean cooking environment indoor and regeneration
of forest and tree cover with a better environmental condition for the country. Impact
of smoke from burning firewood too disappeared. In the absence of a requirement to
go out for collecting firewood, women folk could take care of their home, cultivate
vegetables and rear domestic animals. Girl child can attend their school. The impact
of this was so strong on the culture of the country that, the central government of the
country provided free LPG connections to more than 50 million households and 6
free refills per annum.

The design parameters and corresponding cultural parameters are followings:

D1,C1,Pd,Wc,Sd,Sc,Di,Fc,Dn,Lb,Df,Bc,Dm,Ic,Id,Cc.

37.6 Case Study the Netherlands

Culture impacting design: Electric dry shaving
In the Netherlands, inventor, Alexandre “Sacha” Horowitz (1904–1982) devel-

oped the idea of the electric shaver with a rotary shaver system in the Philips research
laboratory in Eindhoven, branded as the Philishave. Introduction of Philishave by
Philips in 1939 encouraged dry shaving. This is a major cultural change in the man’s
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personal care, which only took off after World War II. The rotary shaving principle
is also used in various shavers for both men and women.

In 2003, Philips announced that it would move its shaver factory to China, while
the annual production was at a level of approximately 11 million units. The 500
millionth Philishave rolled off the production line in 2007, an average annual produc-
tion of 6 million units. The shaver design is now manufactured with mass produc-
tion systems in China. The social impact of this shift of production facility was
great in Drachten, a city of less than 50,000 inhabitants, Philips Drachten being the
largest employer. However, the development facility of razors and means of produc-
tion has remained. Naturally, a brain drain took place with regard to mass produc-
tion knowledge, while the necessary renewal of processes and materials remains
necessary.

The electric wet shave is also on the rise, and the renowned electric shaver manu-
facturers have come up with a high-end version here. Dutch culture is fast-paced
and any time shaving in essential personal care are welcome, including electric wet
shaving. The personal care of men and women has brought about many cultural
changes over the centuries.

The relocation of production and later the sale of PhilipsDomesticAppliances and
Personal Care unit has major cultural consequences for the community of Drachten,
although in principle, it will change hands. Social relations are changing drastically,
including employment that may decline, but it also offers new opportunities.

The social consequences are great: loss of a job, end of enhancement in dispos-
able income, changes in lifestyle to a lower level has affected the entire popula-
tion of Drachten and the surrounding areas. This is reflected in cultural quantitative
parameters such as C1, Sc, Lc, Pc, Cc.

With the sale of Domestic Appliances and Personal Care unit, no more design and
production means the following design parameter affected: D1, Dr, De, Id, Dvk, Di.

Design impacting Culture: Delta Works
The struggle against water is a cultural characteristic of the Dutch population

through the centuries. After first living on the mounds or weeding raised areas in
the wetlands around 500 BC in the Iron Age, the dikes were built from the tenth
century around the peat areas, which were later mined as peat areas, creating lakes
and ponds. Dike areas could be drained with trenches and windmills that created the
polders. The Delta Works is the third major water project in the Netherlands after
the draining of the Haarlemmermeer and the Zuiderzee works. The Haarlemmer-
meer originated from Spieringermeer, Oud Haarlemmermeer and the Leidsemeer
and threatened the cities with flooding due to a combination of spring tide and heavy
storms. By removing the threat of flooding from in the cities, a ring dike has been
built around the Haarlemmermeer in which the water could be drained into storage
waters around the lake such as Westeindes plassen and Kaagerplassen. Three steam
pumping stations were built for this purpose, De Cruquius, Leegwater and Lijnden
for the draining instead of the well-known windmills. It took three years for the land
to dry up. The Zuiderzee Works included an impressive number of sub-projects, first
the impoldering of the Wieringermeer and then the closure of the Zuiderzee, now
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called the IJsselmeer. After the closure, reclamation of the Noord Oostpolder started,
followed by the Flevopolders, Oost and Zuid.

Preparations for the Delta Works have already started for the flooding disaster in
Zeeland. The entire project includes 5 storm surge barriers, 6 dams and two locks.
After a flood of 1953, the coastline was accelerated from 700 km back to 80 km by
closing off straits. In addition to safety, there is also a good infrastructure for recre-
ation and nature development. The Oosterscheldekering is a unique solution to close
the barrier during spring tide and heavy storm. This preserves the saltwater culture
and ebb and flow. The shrinking of the coastline has brought safety, in which there is
always a search for a balance between ecology, economy and culture. Translates to
contemporary aspects, mussel cultivation, water sports, agriculture and horticulture,
recreation and nature. Tourism is a major source of expenses in the summer season.
The barriers were all closed only twice, the last of which was in the fall of 2019.
The closure of the dams has also brought about ecological change, the temperature
increased about one degree, salty freshwater, tidal energy extraction, and mussel
cultivation have been created.

The realization has cost a lot of design energy, for this the Waterloopbouwkundig
Laboratorium has been established, where the Delta of the Netherlands has been
simulated on a scale model to study the currents under all kinds of circumstances.
In this way, the civil engineers and designers searched for the necessary design data
with the changed circumstances of closed sub-projects. The models have also been
created for the last half-open Oosterschelde dam. Major design efforts have been
made here to meet the needs of social and cultural demands. It contributed to the
safety of the province of Zeeland and other parts of the Netherlands.

The great technological effort and sizeable government investment has brought
much prosperity in the province of Zeeland and also in the rest of the Netherlands.
The DeltaWorks has produced a large number of high-quality jobs, which means the
qualitative parameters of the design D1, De, Dex, Dm, Df , Dit, Dvk. All knowledge
and experiences are exported to all other countries that are also struggling against
the oceans, seas, strait and river delta. The cultural changes are substantial to date,
leading to a prosperous community. They have experienced all cultural changes
dynamically and positively and now feel safe. This is expressed in the qualitative
parameters changes of culture C1, Lc, Ac, Bc, Dc, Pc, Sc.

37.7 Discussion and Conclusion

First the next question must be raised, “how can the material (tangibles) be linked
to the spiritual life (intangibles)”. The coupling goes through the amount of energy
from the sun that we receive and is converted into life energy on earth. This is used
as cultural energy and material energy. Culture has a large energy content and an
impact within this content is accompanied by changes between dimensions. So the
impact of designs on culture can be seen in its dimensions. For example, gadgets
are designed with energy and invested economically all in a very short time, which
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people purchase for a brief enjoyable experience. But a disaster can disrupt the energy
balance that poses urgent questions to the design. The creativity absorbs the disaster
energy and comes up with the solutions for the shorter term. However, the short term
also requires creativity to meet basic needs.

The impact of culture on design versus design on culture is true under the condition
that the energy balance remains fairly constant. In the Dutch case studies, Delta
Works and Electric Shaving, that the impacts are not reversible when we look to the
qualitative parameters of design and culture. Delta Works is an ongoing story for a
high-quality lifestyle. The rise in sea level requires constant attention for the extreme
conditions that may arise in the future. Using tidal energy and the ecological balance
between nature and recreation requires a lot of attention and energy. Electric shaving
has changed our personal care, but the concept is now electric wet shaving. When
the shaving factory is sold, knowledge will disappear in a very short time. Personal
care knowledge is very culture dependent.

In case of Indian case studies, culture impacting design: Defecation system in
India, historically it took a long time but with education and changing lifestyle in
modernhousing and continued emphasis onhygiene, the existing culture is drastically
changing and this changing culture is impacting design of sanitary products and
systems even to luxury, leaving apart basic need. Against this in case of design
impacting culture: Portable LPG cylinder and LPG Gas stove are being accepted by
the larger population and people are also going for electric chimney to get rid of
oily sticky fumes from LPG stoves and many new generation people are opting for
electric induction plate where electricity supply is regular. These designs are also
facilitating kitchen becoming part of living room or compact in size. So cultural
changes of these designs are continuous and significant. In both these cases, these
are dynamic.

Thus one can conclude that a designer need to consider both these impacts and
cultural studies should be an essential part of design education for products to be
successful in the market. In the name of globalization, one cannot produce one single
product and be successful in all cultural landscape for long. Success may be until the
novelty of the product exists but wane out sooner than later.
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Chapter 38
Understanding the Dynamics
of Emotions During the Design Process

Mritunjay Kumar, Satyaki Roy, Braj Bhushan, Ahmed Sameer,
Swati Mittal, and Bharat Sarkar

Abstract Research on emotion and design literature has relied primarily on the
product generated by the designers and the emotional experience felt by the users
while using the product. A limited number of studies have addressed the dynamics of
the designer’s emotions during the design process. This exploratory study attempts
to understand the emotional experience of designers during the design process with
supporting empirical evidence. Twenty-five designers were asked to carry out a
design task for a limited period of time. The data was analyzed using the FBS
ontology framework, linkography, and PANAS ratings to establish the dynamics of
the emotions during the design process based on the video and audio recordings
of the task. This study demonstrates mostly positive affect throughout the design
process with associated high entropy scores and high outcomes, where the affective
states varied between different time intervals and at different phases of the design
process.

38.1 Introduction

Present theories of emotions are a conglomerate of supporting pieces of evidence
of several features and phenomena that constitutes an emotional episode [1]. These
episodes activate or stimulate human behavior resulting in a complex act of decision
making. Given the importance of emotions on high-level cognitive functions such
as creativity, design, decision making, and reasoning [2, 3], scant attention has been
paid to understand personal emotional experiences that a designer feels during the
design process. Previous studies have demonstrated the importance of the product
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generated by the designers and the emotional experience felt by the users while using
the product [4–6]. The design process is a complex phenomenon where designers
often deal with wicked and ill-defined problems [7, 8], which generate a complex set
of emotions to deal with the goal at hand. Different stages of design in the creative
design process have also been explored and established [9]. Several tacit experiential
decision making is applied at every stage of the design process, and designers keep
jumping from one stage to another and several stages [10]. The emergence of an idea
and insight during the creative design process is considered to be a highly emotional
step that happens involuntarily [11]. Much has to be learned about designers and
their design cognition from an emotional point of view. This gap can help us to
understand and address the varieties ofways a designer faces an emotional experience
and the challenges faced during the design process. Csikszentmihalyi et., al. believed
that the designer’s emotional experience would influence their decision making in
the design process [12]. Some researchers have found the correlation of positive
emotions with creativity during the design process [13]. Ho and Siu [14] proposed
a conceptual model to understand emotions during the design process through two
key concepts—emotionalize design and emotional design. The former describes the
emotional experience of the designers during the design process, and the latter is
about eliciting emotions on a specific set of users through a product. Remarkably few
studies have tried to investigate and propose frameworks to understand the designer’s
emotions during the design process [15, 16].

38.2 Measuring the Design Process and Emotions

Protocol analysis (concurrent and retrospective) has been widely used to measure
the cognitive process of the designers based on the verbal utterances by the designers
[10, 17–20]. Diversity in coding schemes has been developed and used over these
years [21, 22]. A widely accepted method, linkography, is used to measure the
design process through protocol analysis. Linkography describes a design process by
discerning the number of moves and the links produced between these moves [23].
Gero [24] proposed the FBS ontology of design to carry out the protocol analysis
based on the goal of designing and transforming a set of functions (F) into a set of
design descriptions (D). See Fig. 38.1.

The design starts with a set of requirements, and a designer then transforms the
requirements into the Function (F), which is referred to as the teleology of design. A
set of expected behavior (Be) tries to fulfill the function, and an abstract structure (S),
which is referred to as the artifact’s elements and their relationship, is generated. The
derived behavior (Bs) from this structure is compared with the expected behavior
to analyze the design. Once the structure is finalized, it is then documented (D).
The syntactic design process explains the transformation of a design issue based on
its previous preceding issue through Markov’s chain [25]. Entropy scores represent
creativity in the design process through the number of linked segments and the
distribution of those links using Shannon’s information theorymodel. A high number
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Fig. 38.1 FBS framework with the eight FBS processes [25]

of forelinks are associated with the divergent thinking process, and a high number
of backlink explains the convergent thinking process. Horizon links are associated
with incubation or cohesiveness during the design process [25].

Emotions are largely our feelings associated with physiological changes in the
body. Since emotions are multidimensional, it becomes challenging to measure
emotions on multiple factors. However, previous works have demonstrated method-
ologies to measure emotions on several dimensions [26]. Mauss and Robinson [27]
did an extensive review on the measurement of emotions some of which are (a) self-
report measures where participants report their moment to moment experiences, e.g.,
PANAS,mDES, SAM, etc. (b) physiological aspects of emotionmeasurement rely on
physiological changes, e.g., autonomic nervous system responses from the subjects,
eye blink rates, etc., and (c) behavioral elements rely on the facial expressions change,
body expressions, and gestures [28].

38.3 Aims and Objective of the Study

This exploratory study aims to understanddesigners’ emotional experience during the
design process with supporting empirical evidence. This research took an inductive
approach to investigate the variation and patterns of the designer’s affect(s) during
the eight syntactic FBS processes in the act of designing.
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38.4 Method

38.4.1 Participants

Participants were twenty-five postgraduate students from the design discipline at
IIT Kanpur (Mean age = 24.68 years, SD = 1.43). Participants had diverse back-
grounds ranging from mechanical engineering, electrical engineering, civil engi-
neering, computer science, electrical engineering, architecture, and fashion design.
These participants were enrolled in a design practice course offered at the institute.
They received a sum of Rs 200 as compensation.

38.4.2 Material

The Design Task To design a low-cost and efficient phototherapy unit for neonates
who have neonatal jaundice that can be used in rural India. This problem was chosen
as the students already had done their fieldwork in this area one week before sitting
for this experiment as a part of the coursework.

Assessment of the design process TwoAkaso V50 pro native cameras were fixed on
the tripod to capture the ongoing ideation process. One camera captured the zoomed
view, and the other master camera captured the overall scene. An android phone
was used to capture the verbal utterances of the group members. Linkoder (www.
linkoder.com) [29] software was used to analyze the design moves and the links
between these moves based on utterances produced during the ideation process.
Linkoder helps to produce several outputs, e.g., entropy scores, the ratio of forelinks,
backlinks, horizonlinks, FBS issue distribution ratio, eight-design process syntactic
distribution ratio, and link ratio.

Assessment of the affective states The psychology literature presents a distinction
as well as an overlap with respect to emotions and affective states. The term ‘affect’ is
a broader umbrella concept that encompasses moods and emotions [30]. We will be
using the term ‘affective state’ and emotions interchangeably throughout this paper.
Positive and negative affect schedule scale inspired by Peilloux et al. [31] was chosen
for the study. Four positive affects (interested, curious; inspired, stimulated; deter-
mined, decided; satisfied, blooming) and four negative affects (anxious, nervous;
sad depressed; hesitant, doubtful; stressed, overwhelmed) on a 5-point Likert scale
ranging from 1 = not at all to 5 = definitively were used to capture the affective
profiles of the designers. These eight affective profiles were alternately mixed and
presented to the participant.

http://www.linkoder.com
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38.4.3 Procedure

Twenty-five participants were randomly divided into a group of 5 and were called
to solve a design task mentioned in Sect. 38.4.2. These five groups participated
alternately on the weekend (three groups on Saturday and two groups on Sunday)
and were asked to think aloud while solving the tasks. This was a group design
task where participants interacted and brainstormed together to come up with a
solution. They were video and audiotaped throughout the entire session. Informed
consent was taken from the participants prior to the task. The total time to finish
the task was 30 min for each group. Preeceding with a short break, each participant
was asked to rate their affective state retrospectively for the design process through
video stimulated recall. Each participant was given a separate laptop to watch the
video and rate their emotional profile (on PANAS) on a 30 page printed booklet.
These participants were placed separately in 5 different rooms in the presence of five
different volunteers. Each volunteer probed each participant every 60 s to rate on
the parameters mentioned above. The video was paused, and participants then rated.
Participants had the freedom to fast forward the video at their convenience. The 60 s
interval was chosen for two reasons; first, this paper aims to find the emotional profile
retrospectively for a long interval and not mood that happens in order of seconds and
minutes, which can only be reported on that very moment it is happening, and the
past research have used similar time interval to achieve good success [32]. The
total administration time to complete the task and retrospective ratings together was
approximately 75–90 min.

38.5 Analysis

38.5.1 Affective States During the Design Process

Combined mean scores of the positive and negative affects of each participant were
calculated, providing us with thirty positive and thirty negative time-affect samples.
To compute a single affect score, affect balance score was calculated by subtracting
the mean negative ratings from the mean positive scores [33]. A total group affect
balance mean was also computed (see Table 38.1).

38.5.2 Dynamics of the Design Process

Process refers to the transition or transformation of one design state to another.
Protocols were segmented and coded twice using the Delphi method with two weeks
of separation, as suggested by Gero and McNeill [20]. Five Linkographs of each
sessionwere produced through the Linkoder software (see an excerpt here, Fig. 38.2).
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Fig. 38.2 Design activity excerpt details of Group 2, where column one is the visual Linkograph
with the links, column two is the number of moves, column three is the participant number, column
four is the FBS code assigned to verbal utterances in column five. In this heavily linked segment,
participants were brainstorming to figure out the design prototype. The design process sequence
was very rapid, where participants were jumping between the behavioral and structural aspects of
the design prototype. Move 192 is blank as it fell under the ‘other’ category

Three independent experts in the domain of product and mechanical engineering
design rated the final output on the criteria of novelty and creativity using a 5-point
Likert scale (from 1 = ‘less novel; uncreative’ to 5 = ‘very novel; very creative’).
Overall summary of the quantitative results is produced for each group in Tables 38.1,
38.2, and 38.3. Also, for the purpose of this study, early phases of the design process
are referred to as the conceptual design phase and the later phase as the embodiment
design phase, as proposed by Howard et al. [9]. Based on the time-affect sample, 30
time-based linkograph statistics (Entropy scores and FBS processes) for each group
were computed. Afterward, 3-axis graphs were plotted for the FBS processes, and
affect, over a 30 min timeline, combined for all the groups. This cumulative mean
computationwas done to visualize the overall affect change during the design process
and not just on individual groups.

Table 38.2 Groupwise distribution of the FBS issues

Group Mean_affect_balance score R% F% Be% Bs% S% D%

1 9.42 14.2 8.5 17.7 12.3 34.2 13.1

2 9.27 10.3 3.6 24.7 18.8 34.1 8.5

3 8.05 3.4 5.6 22 15.1 40.1 13.8

4 8.78 10.7 4.1 17.7 13.7 31.5 22.3

5 7.82 5.2 1.5 25.4 20.9 32.8 14.2

Mean 8.76 4.66 21.5 16.16 34.54 14.38
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38.6 Results

The overall design process for every group was associated with positive affects
and high arousal. In the first half of the design process, i.e., conceptual design
phase—(1 to 12 min), participants reported having positive affects. They were
interested/curious; inspired/stimulated during this phase, as reported in PANAS.
Toward the second half of the process, i.e., the embodiment design phase, participants
reported being anxious/nervous, hesitant/doubtful (12–25 min), and more determi-
nant/decided; satisfied/blooming at the end (25–30 min). These results are based on
the mean affect balance score for all the groups. However, we are losing important
data by ignoring the negative ratings. Studies have reported the occurrence of both
the affects parallelly [34, 35]. So, we present a separate graph to illustrate the occur-
rence of positive and negative affect parallelly based on the ratings (see Fig. 38.4). It
can be inferred from the graph that the beginning part of the design process (1–7 min
and 8–12 min) was associated with positive affects and high arousal. The process at
the end (12–25 min) was associated with negative affects and high arousal. Though
the affect balance score is overall positive (above the X-axis), we still can observe
several peaks and lows signifying the affect size variability.

As visible in Table 38.2, the majority of the cognitive efforts were dedicated
to discerning the structural issues (34.54%), followed by expected behavior issues
(21.5%). The groups majorly worked on understanding the elements and their
relationships of the artifact.

High entropy scores (1.073), high link ratio (2.42), and highmean outcome scores
(9.66) were associated with a high affect mean balance score of 9.42 for group 1 (see
Table 38.1). High forelink (43.47) and backlink entropy (49.85) show that this group
generated many ideas and then later built upon them. The second group to score
higher on the mean outcome score (8.33) was group 4 with an affective balance
score of 8.78 and an entropy score of 0.942. Interestingly, the lowest-scoring group
no 5 with a mean outcome score of 6.66 and a total lowest entropy score of 0.850
scored high on the affect balance score (9.27). In general, high entropy scores were
associated with positive affects.

We present the following observations related to eight FBS processes and the asso-
ciated affective state based on Fig. 38.3 and Table 38.3. Student’s cognitive efforts
were majorly expended upon the syntactic processes of synthesis (20.86%), where
students were engaged in deriving the structure to fulfill the expected behaviors.
During reformulation I, student’s were indulged in modifying the proposed structure
space by introducing new components and elements in their design (20.4%) followed
by the analysis process (18.42%) where students derived the actual behavior (Bs)
from the proposed structure (S) (Fig. 38.4).

(1) Formulation (R → F → Be) and the associated affective state(s)—A sharp
peak of formulation happens at (2–5 min), and multiple peaks can be observed
between (15–26min). The participantsweremajorly reading and discussing the
design requirements and assigning a function (purpose) to the artifact that was
to be designed during this process. The affect balance score shows peak during
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Fig. 38.3 Mean of the eight FBS syntactic processes and associated mean affect balance score
combined for all the five groups

the beginning, where participants reported to be more excited and curious (2–
5min). However, formulation peaks between (15–26min)were associatedwith
low positive affects (16–25 min). Rather than discussing the artifact and rela-
tionship (S) at this point in time, designers were still trying to either define the



38 Understanding the Dynamics of Emotions During the Design Process 479

Fig. 38.4 Mean positive and
negative affect balance score
combined for all the five
groups

artifacts’ purpose or discuss the expected behavior (Be), where they reported
being nervous and anxious.

(2) Synthesis (Be → S) and the associated affective state(s)—The synthesis
process showed a peak at (2–7 min) and was associated with the positive affect
(2–7 min) and at (11–25 min). However, the synthesis process declined from
(7–11 min) and again after the 25th minute. The affect mean score was high
during this period (11–22 min). This indicates the designers’ expending the
majority of their cognitive efforts in proposing a structure (S) by transforming
a set of expected behavior (Be) and reported being inspired and stimulated.

(3) Analysis (S → Bs) and the associated affective state(s)—Multiple peaks can
be seen at (2–6 min), (9–11 min), (16–18 min), and from (22–29 min). This
indicates that the designer’s expendedmost of their cognitive efforts in deriving
behavior from the structure at different intervals. The affect balance score
declined at (23–25 min) and grew back again (25–30 min).

(4) Evaluation (Bs↔Be) and the associated affective state(s)—Evaluation process
(2–15 min) was majorly associated with positive affect. Also, the graph drops
sharply (22–29 min) with which the mean affect balance score also drops
(22–25) and increases at (25–29 min). Designers reported being stressed and
overwhelmed before the end, and as they sorted and adjusted their concept they
reported being satisfied and blooming.

(5) Documentation (S → D) and the associated affective state(s)—the graph shows
a growth in the documentation process from (2–26 min). This makes sense
as the documentation requires partial description of designs through doodles,
sketches, and specifications that usually happened once the structure was final-
ized by the groups. However, in the end, groups reported being stressed and
overwhelmed (24–29) for a few minutes.

(6) Reformulation I (S → S′) and the associated affective state(s)—During Refor-
mulation I, a very short peak in the graph (2–5 min) can be seen during which
the mean affect scores also shows a growth for this timeline.

(7) Reformulation II (S → Be′) and the associated affective state(s)—the graph
shows a progression from timeline (2–8min)whichwasmainly associatedwith
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positive affects. During this process, designers reframed the behavior space,
which leads to modifying the structure space.

(8) Reformulation III (S → F′) and the associated affective state(s)—Function
state space change or reformulation is seen in the beginning (2–5 min) and
from (12–18 min). Reformulation III has also been associated with positive
affects. However, the affect size decreases at the end for reformulation III
(18–26 min).

38.7 Discussion

This exploratory study investigated the dynamics of emotions during the design
process using the FBS ontology and linkography. We observed that high affect
balance scores were associated with high entropy scores of the individuals. Also,
positive affects dominated the conceptual phase of the design process, and negative
affectsweremoredominant in the embodiment stages of the designprocess.However,
the syntactic processes differ in their emotional profiles during the early and the later
phases of the design process. This is an interesting finding, as it sheds light on the
designer’s cognitive efforts distributed to the same FBS processes at different time
frames resulting in different affective profiles. During the initial phase, designers
were interested, curious, and inspired to solve a new task in the beginning, and as
time progressed, they got anxious and nervous regarding the deadline. The later
stages also demanded designers to converge to a single concept, which was associ-
ated with negative affect profiles (stress, nervousness, hesitant, and doubtful). The
intensities of these negative affects were moderate as compared to the high activated
positive affects. In conclusion, this study was an attempt to understand the designer’s
emotional experience in with supporting empirical pieces of evidence. However, the
affective ratings taken were retrospective, and one can argue regarding the memory
loss to recall the specific emotional experiences during the subjective ratings. Despite
this fact, this study is the first of its kind to capture emotions using linkography and
FBSontologyof designwith empirical evidence.Another limitation of the study is the
limited design experience of the designers. Studies have shown a difference between
the expert and novice designer’s design process approach. Studying emotions during
the design process is of great importance for understanding the creator’s cognitive
and behavioral aspects. Several design support systems could be developed to help
designers self-regulate their emotions to avoid fixation and improve their design
process. For example, Blom [36] proposed a system (video game) that adapts to the
individuals’ emotional state based on facial expression change. Several such systems
could be designed and developed.

Extending this research, we have conducted a behavioral experiment with 85
samples using the ML algorithm to capture facial action units in real time while
solving multiple creativity tasks. We are still in the process of data analysis. We also
wish to do emotional profiling based on the creative stage using time-series analysis.
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Chapter 39
Design of Multifunctional Artefacts
as Perceived by Potential Users: Findings
from a Preliminary Investigation

Vishal Singh and V. Srinivasan

Abstract Multifunctional designs such as the Swiss army knife, sofa-cum-bed and
smartphones are commonplace, but there is limited research to assist designers in
determining what factors to consider while designing such products. Therefore, find-
ings from a survey-based empirical study that seeks to understand howpotential users
perceive the desirability of multifunctional products in which the functions of two or
more existing products are combined into one product, are presented. The findings
from this study can be used by designers to build better multifunctional designs. The
empirical study builds on related theoretical work on sharing in designs, especially
structure sharing and resource effectiveness, where factors identified from previous
work such as relative importance (RI) of the different functions performed by the
product, the quality of functions (QoF) and the emergent negative functions (NF) in
the multifunctional product, are found to be relevant. The results and insights from
the responses to the survey are presented, and the implications for opportunities for
further research are discussed.

39.1 Introduction

Multifunctional designs such as Swiss army knives, sofa-cum-beds and smart-
phones are commonplace. Intuitively it appears that such products are more desirable
because by achievingmore functionswith relatively fewer structures, one can achieve
resource and cost efficiency. In contrast, combining more functions within the same
design may negatively influence the core functions and their performance, increase
effort required for maintenance, (dis)assembly, etc. Nonetheless, given that such
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multifunctional designs are commonplace, it is safe to assume that designers face
questions such as: Should two or more functions be combined in the same design?
Which functions are better suited together in the same design? How do potential
users perceive the desirability of such multifunctional designs? This paper presents
findings from a survey-based empirical study on related questions.

The reported empirical study builds on previous theoretical work on structure
sharing and resource effectiveness [1, 2]. Structure sharing is one of the four types
of sharing in design [3, 4], in terms of the mapping between the functions (F) and
structures (S) in a product [5]. The other three types of sharing include multi-modal
integration, function sharing and structural redundancy (seeFig. 39.1).A function can
broadly be defined as the objective or purpose of a design as intended by designers.
A structure can be defined as a discrete identifiable element and feature in a design to
which one or more (partial or full) functions are attributed. Accordingly, a window-
pane is an example of structure sharing where the glass panel (S) serves three func-
tions—allow light, enable visibility and provide protection and barrier from outside
particles—all at the same time. The pencil shaft (S) also serves multiple functions—
cover lead, provide grip to hold the pencil to write and provide grip to pencil to
erase—but not all at the same time. That is, only one of writing or erasing can be
used at any instant in time. In contrast, the four legs (S) of the chair collectively serve
the same functions—support the weight of the person who is seated on the chair
and provide balance—at the same time. That is, neither of the two functions can be
independently performed by one of the legs by itself. And finally, the stepney wheel
in a vehicle provides a backup for a function that is already being performed by other
wheels.

As Chakrabarti and colleagues [1, 4, 6] suggested, it appears in structure sharing
and multi-modal integration, sharing modes that collectively represent multifunc-
tional products, tend to be more resource-effective, and hence, are more desirable.
However, not all multifunctional designs are likely to be equally desirable. So, what
are the factors that designers may need to consider in determining the desirability of
a potential multifunctional design?

Ghazanfari and Singh [2] claimed that some of the factors that should be consid-
ered in determining the desirability of amultifunctional product (though they erringly
only write about structure sharing even though their examples include solutions with
multi-modal integration) are: the number of functions and structures in the product;

Fig. 39.1 Different types of sharing in design with an example of each
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the relative importance (RI) of the different functions performed by the product; the
quality of functions (QoF) and; the emergent negative functions (NF) in the multi-
functional product that does not exist when the separate functions are not combined
in the same product.

Ghazanfari and Singh [2] also proposed an equation to evaluate the admissi-
bility/desirability of such multifunctional solutions using the above variables and
provide a preliminary validation of the usefulness of the equation through limited
examples. They also claim that the values for variables such as RI and QoF can
also be obtained through feedback from potential users via methods such as quality
function deployment [7].

Therefore, this paper specifically focuses on understanding the perceptions of
potential users about the desirability of multifunctional designs. In particular, this
empirical study seeks to test whether it is possible to get an acceptable estimate
of values such as RI, QoF and NF through user feedback. Since questionnaire-
based surveys are one of the most commonly used and familiar approaches for both
researchers and respondents, this study is based on a questionnaire survey.

39.2 Survey Design and Data Collection

Asurvey is designed to collect data relevant to the perceived desirability of the sample
multifunctional products and approximate estimation of RI, QoF and NF. Following
are the main considerations in the design of the survey: (1) both direct and indirect
questions are considered to assess RI, QoF and NF, and (2) a cross-validation of
survey responses is planned by considering three different complementary surveys,
each with a separate multifunctional product (see Fig. 39.2). Products A, B and C
are chosen such that they include different combinations of—a pen, a USB and a
Swiss army knife. The main questions included in each of the three complementary
surveys are listed in Table 39.1.

The questions are designed such that it was easier for the respondents to answer
the questions and have the same set of factors in cases where it would have been

Fig. 39.2 Three multifunctional products used for the three surveys
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Table 39.1 Template for questions to be used in the three complementary surveys

Question types (X = A, B, or C) Description

How would you rate the importance of each
sub-product in multifunctional product X?

Direct question related to RI

How important are each of the listed
requirements in multifunctional product X?

Direct question related to RI

If you are given a choice to remove one of the
functions (least important) from Product X,
which would it be?

Direct question related to RI

How much would you be willing to pay for X,
given what constituents cost separately?

Question related to the desirability of the
multifunctional product

How would you rate the likely effect on the QoF
due to the listed changes in the listed attributes?

Directly related to QoF and NF

How frequently do you use each sub-product in a
multifunctional product?

Indirect question related to RI, via the
frequency of usage

How detrimental is it if you do not own a
sub-product but you need one at a given instance?

Indirect question related to RI, via criticality

How readily is a sub-product available if you are
not carrying one?

Indirect question related to RI, viathe
availability

How long do you use each of the sub-products
before replacing it with another one?

A question added to understand relative
lifespan compatibility

possible to have wide variations in responses. For example, rather than asking the
respondents to conjecture what could be the likely NFs that could emerge in a multi-
functional product, a list of potential NFs is given, such that respondents could assess
how the attributes associated with NFs could likely influence the QoFs. In addition,
various factors that could influence the perception of RI are included. For example,
how frequently one uses a product can be an indirect indicator of RI in a multifunc-
tional product. Similarly, if a product is extremely critical even though it is not used
frequently, it may be deemed important, e.g., a fire extinguisher is expected to be
rarely needed but it is a must-have in every building. Also, if an alternative is readily
available when a specific product or function is needed, one may not consider it
important enough to be included in a multifunctional product where other products
or functions may be deemed more important. Finally, a question is included to assess
the relative usage lifespan of a product included in a multifunctional product to get
an intuitive understanding of their lifespan compatibility. The implicit conjecture is
that the respondents are likely to judge the desirability of a multifunctional product
also based on the lifespan compatibility of the sub-products. That is, it is expected
that some correlation will be found in the other indicators of the desirability of the
multifunctional products and the lifespan compatibility of the sub-products. All the
questions have to be rated on a scale of 1–5 or 1–7.

All the questionnaires are administered online via Google forms. All respondents
(undergraduate and postgraduate students) are sent a link to all three questionnaires,
expecting that they will respond to all three. Since the functions of the three products
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in the surveys are related to common activities that students pursue, it is assumed
that these students are potential users of such products.

39.3 Results and Findings

The results for the survey on Products A, B and C are based on 52, 43 and 32
responses, respectively. The results for the three surveys are separately reported,
which is followed by a brief discussion on the observed patterns in the responses.

39.3.1 Survey Results for Product A

Figure 39.3 shows the results from three separate questions. As shown in Fig. 39.3,
the RI of the USB in product A is greater than the pen. Among the QoFs avail-
able in product A, the capacity of the pen is deemed not as important as the other
requirements. Most respondents (mode) are willing to pay only $6 for the combined
product, which is the same as the price of the USB. However, the median value is
$7, while the mean is $6.71. Median indicates that more than half of the respondents
are willing to pay $7 or more.

When a multifunctional product is conceived, combining functions from two or
more existing products, it may have other intended and/or unintended effects on the
QoFs performed by the combined product. To assess how the respondents perceive
the effects of potentially emergent NFs on the QoFs, a list of attributes associated
with NFs is given. As shown in Fig. 39.4, the users had no severe concerns about the
compromise on the QoFs, as nearly all mean values are close to the neutral value of
4. However, the mode values are particularly more extreme.

Figure 39.5 shows the responses to questions related to the usage of the different
sub-products. In Fig. 39.5a, the scales for the frequency-related question is 1–10,
while for the other two questions is 1–5, even though the charts are plotted on the
same graph. The perceived frequency of usage for both the pen and the USB is
high, their criticality is also on the moderate to the high side (scale of 5), while

Fig. 39.3 a RI of each in A (5 highest), b RI of each requirement in A (5 highest), c If pen costs
2$, USB cost 6$, how much will you pay for A [Box–Mean; Grey–Median; Black–Mode]
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Fig. 39.4 Rate the likely effect on QoF due to a increased weight of the combined product and
b usability concerns in the combined product (High Negative Impact-1 to High Positive Impact-7,
4 = neutral) [Box–Mean; Grey–Median; Black–Mode]

Fig. 39.5 a How frequently do you use each? How detrimental is it if you do not own but need one
(1: No worries, 10: very critical)? How readily is it available if you need one? (1: easily available, 5:
very difficult), b how long do you use each product before replacing it with another one [Box–Mean;
Grey–Median; Black–Mode]

their availability shows much difference. While a pen is easily available, a USB is
relatively less readily available when needed. Similarly, as shown in Fig. 39.5b, there
is remarkable difference in the usage lifespan of a pen and a USB.

39.3.2 Survey Results for Product B

As shown in Fig. 39.6, the RI of the USB in product B is high while that of a file is
low. File is the most dispensable sub-product in product B (see Fig. 39.6b).

Fig. 39.6 a RI of each in B, b if you are given a choice to remove one of the functions (least
important) from B, which of these would it be? [Box–Mean; Grey–Median; Black–Mode]
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Fig. 39.7 a RI of each requirement in B (5 highest), b if Swiss knife costs 8$, USB cost 6$, how
much will you pay for B [Box–Mean; Grey–Median; Black–Mode]

Figure 39.7a shows that all the functional requirements are rated high, with a
slightly lower andmoderate value for features associated with the knife and a scissor.
Figure 39.7b shows that the mean of the price that the respondents are willing to pay
from the combined product is more than that of either sub-products taken separately
but less than the sum of their individual prices.

As shown in Fig. 39.8, the mean values across all the three charts are close to
neutral, indicating that the respondents did not perceive the QoFs to be significantly
impacted by the listed NFs.

The frequency of usage of the USB is much higher than that of a Swiss army
knife (see Fig. 39.9a). The perceived criticality of a USB is also higher than that of
a Swiss army knife, while a USB is more readily available than a Swiss army knife.
As shown in Fig. 39.9b, though there are some notable differences in the perceived
usage lifespan of a USB and a Swiss army knife, the two products can broadly be
considered to have reasonable lifespan compatibility.

39.3.3 Survey Results for Product C

Figure 39.10a shows that the RI of the different sub-products, with a slightly lower
value for the file. This is further confirmed in Fig. 39.10b where most respondents
choose the file as the most dispensable sub-product.

Figure 39.11a shows that the RI of the different requirements, based on the mean
values is comparable, with a slightly lower value for the LED light. In Fig. 39.11b,
based on the mode ($8.00) and mean ($8.27) values, respondents are willing to pay
only marginally more for the combined product than what the Swiss knife costs
($8.00). However, the median value suggests that more than half of the respondents
are willing to pay at least $9, which is more than the price of the Swiss knife but less
than the sum of the prices of the Swiss knife and the pen.

Figure 39.12a shows that the respondents do perceive that the pen’s QoF will
be negatively impacted by the increase in weight when put together in a combined



490 V. Singh and V. Srinivasan

Fig. 39.8 Rate the likely effect on QoF due to a increased weight of the combined product, and
b usability concerns in the combined product c capacity/strength of the knife blade (High Neg.
Impact-0 to High Pos. Impact-7, 4 = neutral) [Box–Mean; Grey–Median; Black–Mode]

product with a Swiss army knife. Besides the reduced QoF of the pen, there is some
concern for the reduced QoF of the knife blade, as shown in Fig. 39.12c.

Figure 39.13a shows that the frequency of use of a pen is relatively much higher in
product C. Similarly, the criticality of the pen and its availability, both are noticeably
different. Figure 39.13b shows that the pen and the Swiss army knife also do not
seem to have a usage lifespan compatibility, whereas the usage lifespan of the Swiss
army knife and the LED light are relatively closer.
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Fig. 39.9 a How frequently do you use each product (scale 1–10)? How detrimental is it if you do
not own but need one (No worries: 1 to very critical: 5)? How readily is it available if you are not
carrying one (easily available: 1 to very difficult: 5)? b How long do you use each product before
replacing it [Box–Mean; Grey–Median; Black–Mode]

Fig. 39.10 a RI of each in C, b If you are given a choice to remove one of the functions (least
important) from C, which of these would it be? [Box–Mean; Grey–Median; Black–Mode]

Fig. 39.11 a RI of each of the requirements in C (5 highest), b If pen costs 2$, Swiss knife cost
8$, how much you will be willing to pay for C [Box–Mean; Grey–Median; Black–Mode]
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Fig. 39.12 Rate the likely effect on QoF due to a Increased weight of the combined product, and
b usability concerns in the combined product, c capacity of the knife blade (High Neg. Impact-1 to
High Pos. Impact-7, 4 = neutral) [Box–Mean; Grey–Median; Black–Mode]

39.4 Discussion and Conclusion

The reported empirical study aimed to assess whether potential user perception of
the desirability of a multifunctional product can be obtained through a question-
naire survey or not. This includes an attempt to get an intuitive assessment of values
for variables such as RI of the functions in multifunctional products, QoFs in such
multifunctional products, and the impact of NFs. Both direct and indirect questions
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Fig. 39.13 aHow frequently do you use each (scale 1–10)? How detrimental is it if you do not own
but need one (No worries: 1 to very critical: 5)? How readily is it available if you are not carrying
one (easily available: 1 to very difficult: 5)? b How long do you use each product before replacing
it [Box–Mean; Grey–Median; Black–Mode]

were conceived to obtain the desired values. The survey results provide encouraging
patterns and indicators that such an empirical approach can complement the theoret-
ical work on developing measures that can support decision making on the design of
multidisciplinary products.

In all the three complementary survey results, clear patterns of RI values emerge
both through direct and indirect measures. In product A, it is clear that the USB has
higher RI than a pen, and an acceptable value can also be derived from the ratings. In
product B, the USB, scissor and knife have comparable RI within a range, but the file
is clearly rated to have much lower importance. In product C, once again the file is
rated much lower than all the other sub-products. Similarly, in all the three surveys,
the indirect indicators of RI—usage frequency, the criticality of functions and usage
lifespan—seem to provide clear patterns. In particular, usage lifespan compatibility
appears to be a particularly useful indicator with apparent congruence with perceived
value (via price) of the multifunctional product. For instance, in product A and
product C, the mean values of what the respondents seem to be willing to pay for the
combined product is nearly no more than the price of one of the constituent products,
and in both these cases, the usage lifespan of the main products being combined are



494 V. Singh and V. Srinivasan

rated to be non-compatible. In contrast, in product B, where the usage lifespan of the
products being combined is rated to be somewhat compatible, the mean value of the
price that the respondents are willing to pay for the combined product is more than
that of either product, though less than their combined price.

The following are some of the other noticeable points to emerge from this
empirical study, which needs further research and investigation:

• It is common to use the mean value with standard deviations to analyse survey
results. However, for this survey, the other measures of central tendency, namely
median and mode, can also be used. For instance, the median can provide a clear
indicator of a price point beyond which at least half of the respondents will be
willing to buy a targeted product. Similarly, most often if a product succeeds to
appeal to a certain percentage of the target market, it may still be a success. From
that perspective, the mode can also be a good choice because it gives a particular
value that resonates with the highest number of respondents. All three values,
i.e., mean, median, and mode were calculated for the survey results, and there
were significant differences for these values in many cases. It is not clear which
measure of central tendency is most applicable and more research is needed to
identify this.

• One of the factors that should be considered in the assessment of the desirability
of a multifunctional product is the ‘functional proximity and functional compati-
bility’ of the products/functions being combined. For example, the survey results
show that the file is the least desired sub-product/function but it is still common
in a Swiss army knife. The most likely explanation is that a Swiss army knife is a
collection of basic tools, and a file belongs to that family of functions. Thus, even
though it is not deemed particularly useful, it still fits in because of functional
proximity and functional compatibility with the rest of the tools.

• The results seem to indicate that the price that the potential users will be willing
to pay for a multifunctional/combined product is likely to be less than the sum of
the prices of the constituent products taken separately

In summary, this paper provides preliminary findings from a survey-based study
to advance our understanding of factors to consider in the design of multifunctional
products. Further work is needed to test and validate how to translate these indicators
as inputs into the theoretical equations [2], as well as in modifying and updating the
equations to account for factors that have not been considered so far.

To conclude, the empirical responses can complement the theoretical findings and
help in the creation of usable and useful multifunctional products. Such responses
from potential users can be feedback to designers to take into consideration users’
needs while designing multifunctional products.
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Chapter 40
Patterns and Insights From a Design
Group’s Mobile Chat–Preliminary
Findings and Commentary
on Participation in Online Communities

Vishal Singh and V. Srinivasan

Abstract The discussions in online groups and communities that share a common
identity and interest can provide useful insights into various attributes and behaviors
of the group as well as their beliefs and thinking. Such discussions may also be useful
to make preliminary conjectures and hypotheses about the wider community they
identify with. Accordingly, this paper seeks insights from an extended group chat
among the alumni of a design school of a reputed institute over a logo rebranding
exercise commissioned by their alma mater. An almost collective sense of dissat-
isfaction among the design alumni with the approved rebranded logo of their alma
mater ensured that the discussion extended over a month, providing a rich volume
of data and discussion to analyze and reflect on. While the situation was somewhat
unique because of the sentiments attached to their alma mater, the range of discus-
sions covered several comments on the outcomes (designs), process, and people
(stakeholders). Therefore, this paper presents a preliminary analysis of the discus-
sion. This analysis sought to gain insights into their thinking and beliefs, both as
individuals as well as a group. Implications of the findings for design education as
well as participation in online communities are discussed.

40.1 Introduction

Ever since mobile devices and instant messaging social platforms have become
commonplace, most people are part of one or more chat groups, ranging from small
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family-based groups to professional chat groups and communities. Such social plat-
forms also facilitate ongoing engagement and continuity of groups and communi-
ties such as college batchmates and alumni who transition into a connected online
community that retains a common history of shared physical experience and iden-
tity. Consequently, it is reasonable to claim that online communities, including closed
communities that share a common ground and interest, are increasingly becoming
part of our social life [1], which in turn may contribute to our social cognition and
learning [2]. For instance, the discussions in such groups may reveal who has been
doingwhat,what are the trending professional or social issues that are directly or indi-
rectly relevant to the specific group or community, and what are the group dynamics
and the social network structure within the community [3, 4]. Another particularly
notable point with these group chats is that unlike the face-to-face conversations,
these conversations automatically get documented,making it easier to retrospectively
follow the sequence and flow of the conversation. Therefore, this research investi-
gates a specific sequence of discussion in one such closed mobile chat group—an
extended group chat among the alumni of a design school of a reputed institute over
a logo rebranding commissioned and adopted by their alma mater.

The paper presents preliminary patterns identified in the design group discus-
sion around the logo rebranding that was done by their institute. The discussion
on this topic extended over more than a month and a half, providing a rich dataset
that can be analyzed both qualitatively and quantitatively from various perspectives,
ranging from the content of the discussion to the patterns of interaction among the
groupmembers. Assessment of such conversations or discussion is awell-established
research approach that is used regularly in design research [5] as well as several other
fields such as psychology, organizational studies, media studies, education, nursing,
healthcare, and so on [6–8]. A qualitative—interpretive and subjective—analysis can
be applied at both higher and lower levels of granularity such that the volume of data
is not particularly critical. In contrast, for a structured and objective content analysis
that relies on statistics, the volume of available data can be critical to have reason-
able confidence in the identified patterns. Therefore, in the dataset available for this
research, both the approaches can be adopted, as discussed and demonstrated in this
paper. Accordingly, this paper provides preliminary insights into broad qualitative
and quantitative patterns. This paper serves as an introductory article from research
where the further in-depth analysis will follow in later articles.

40.2 Context

The design school that the group is associated with is part of a well-known research-
driven science and technology institute that primarily offers a postgraduate program
in product design, with a particular focus on a balanced approach to technology and
design. Consequently, the students in the program typically come from architecture
or engineering backgrounds and graduate as trained product designers who work
across diverse design fields such as the design of consumer goods and products,
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furniture design, automotive design and styling, user experience, and user inter-
face design, healthcare product design and medical device design, industrial product
design, design education, and so on. This diversity of the professional working back-
ground and experience of the group members is important to highlight for multiple
reasons. First, despite their training as product designers, the group members work
across a wider range of design disciplines, and some a bit closer to the areas such as
visual communication. Second, since the formal training of all the group members
is in product design, besides the introduction to fundamental elements of design and
some training on visual aspects of design, they are not trained as specialists in visual
communication. It is likely that this pattern is not unique to this group, and it appears
from general observation in the field that designers trained in one specific sub-area of
design do end upworking across diverse design fields, often acquiring further insights
and specialization into these complementary fields through practice and experience
[9]. Consequently, at a finer level of detail and from the acquired design expertise and
experience perspective, the group members in this case represent a heterogeneous
group even though it appears to be a homogeneous group by training. In addition, the
group includes more than 250 active members representing more than 20 different
academic batches (yearly), a few design research alumni with doctoral degrees, and
a few faculty members, which further adds to the group’s heterogeneity in age and
experience.

Furthermore, even though this online chat group has been active for more than
five years with regular discussion on various topics, this event, that is, the rebranding
and redesign of the institute logo, generated a much more engaging and relatively
longer-lasting discussion around a single topic. Multiple reasons can be posited for
this overwhelming response. First, the institute logo is part of the institute identity
and brand, which is the fundamental common ground and shared identity that binds
this group together. Second, as trained designers, many of the group members feel
qualified as well as responsible to respond to a logo redesign action, which has also
raised muted concerns in the general media. Third, as part of the institute’s alumni,
some of the group members also believe that design school and the design school
alumni should have been consulted as stakeholders in the decision process. And,
perhaps one of the most significant factors, which seems to also implicitly reflect in
some of the comments in the group, is the scope of the design activity. That is, logo
design is seemingly viewed as a challenge that does not require any specialization and
training. Consequently, unlike some of the other domain-specific design problems
that have previously been discussed on the same forum, the logo design problem
appears to be an inclusive challenge, within everyone’s reach and competence.

Therefore, this unique case context provides an opportunity to not only get case-
specific insights but also an opportunity to understand patterns and observations that
are potentially generalizable to (1) design, designers, and design communities, and
(2) closed online groups and communities.
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40.3 Related Literature and Approaches

Critical analysis of online chats and discussion is not a new approach. There have
been several studies that have looked at discussion patterns across a diverse range
of online groups, communities, and forums ranging from closed chat groups to open
microblogging sites to professional and social discussion forums on the Web [3,
4, 10]. Once again, while the text data on these online platforms lend themselves
readily suitable for content analysis and research on the patterns of interaction, similar
methodological approaches and research objectives have existed for analysis of tran-
scripts of verbal data and conversations using techniques such as verbal protocol anal-
ysis [5, 11] and conversation analysis [12, 13]. That is, there are numerous research
approaches such as content analysis [14], thematic analysis [7], protocol analysis,
and conversation analysis that broadly fall in a similar category of largely quali-
tative research methods that can also have a complementary quantitative approach
in some cases, such as content analysis [7]. Accordingly, most of these techniques
have been applied across diverse disciplines, but the terms have also occasionally
been used interchangeably, especially content analysis and thematic analysis. While
content analysis and thematic analysis are equally usable for analysis of synchronous
and asynchronous communication such as analysis of documents and monographs,
the other two techniques, especially verbal protocol analysis is used typically for
synchronous verbal data, which may also reveal the thinking process and cognitive
aspects via a think-aloud process. This is not to say that content analysis or thematic
analysis may not reflect the thinking, but the content written after due deliberation
and thinking may not be the same as content obtained through a think-aloud process.
Nonetheless, without going into the details of the differences between these seem-
ingly similar techniques in this paper, it suffices to state that content analysis is more
suitable for the dataset available in this research.

40.4 Research Methodology

This research combines both qualitative and quantitative research methods. While
the qualitative approach can adopt a purely interpretative and subjective analysis
of the conversation, a more structured content analysis approach also allows some
quantitative analysis even though it is also primarily a qualitative method [7]. A
content analysis approach often requires data segmentation and a coding scheme
that can be applied to the collected data.

Figure 40.1 shows the research framework and research steps. One of the advan-
tages of working with chat messages is that the data is already in form of a segmented
text, with each message as a separate segment. As the first step, the messages are
copied and transferred to a spreadsheet. This data is anonymized before further
processing. Once the data is anonymized (removing personal details and other



40 Patterns and Insights From a Design Group’s Mobile Chat … 501

Fig. 40.1 Research framework and the research steps

specific information that can breach the privacy of individuals), an initial qualita-
tive review of the data is conducted as a preliminary assessment of the content (step
2 in Fig. 40.1). This preliminary assessment helps to devise the coding scheme that
may allowmore structured and in-depth analysis of the data and the patterns that seem
apparent from the initial qualitative review. However, this step (step 3 in Fig. 40.1)
is an iterative process, which is also informed by related classifications and terms
that may be relevant to the targeted coding scheme. In addition, it may involve going
back and forth between the qualitative review and the coding scheme to modify and
update the choice of codes and terms in the coding scheme as it is applied. Once
the coding scheme is applied to the data, it allows a qualitative analysis of the quan-
titative patterns in the data (step 4 in Fig. 40.1). Besides the quantitative patterns
revealed through the codification process, an in-depth qualitative analysis is possible
by adopting a subjective and interpretive approach to understand the discussion at
various levels of granularity (steps 5 and 6 in Fig. 40.1). For example, at the broadest
level, an entire discussion session can be taken as a unit of analysis, and in contrast,
even a single message or segment could be dissected further for interpretive analysis.
The final step (step 7 in Fig. 40.1) involves putting together the observations from
the quantitative patterns as well as the qualitative interpretations to make sense of
the findings.

This paper presents preliminary findings from these research steps. More research
is needed for further validation of the coded segments and findings. For instance, it
is desirable that the coding of the data is independently done by multiple researchers
and analysts for cross-validation. The current set of findings presented in this article
is based on data coded by a single researcher, and hence, it is prudent to consider
these findings preliminary.

The details of the coding scheme are shown in Table 40.1. Based on the initial
qualitative review, three categories of codes are found relevant:

• The subject of the comment, which includes products, processes, and people.
• Tone and tenor of the comment, which includes appreciation, encouragement,

objectivity, sympathy/empathy, nostalgia, criticism, questioning/skepticism,
defensiveness, disappointment, judgment, and sarcasm.
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Table 40.1 Coding scheme applied in the research—description with illustrative examples

Coding scheme Description Representative comments
(random samples)

The subject of the comment

Product About a design or its
properties,

For me, this shape and
composition resemble a leaf, a
petal, a surfboard, etc. if I go
literal way…

Process About an activity and how it is
done

Hence let us conceptualize as
far as we believe that the
options have enough scope to
improve

People About stakeholders and actors,
both individual as well as
organizational

This logo is a stunning
example of how highly talented
people think they know what
design is and how clueless they
are about design and aesthetics

Tone and tenor of the comment

Appreciative A positive comment on
something or someone

A picture speaks a thousand
words

Encouraging A comment to encourage a
further continuation of an
activity or idea

Really appreciate the effort.
But I think it should be much
simpler and clean

Objective An attempt for balanced
comment, often citing a source
or theory

And as in product design, it is
very important that we think
more about the fundamentals
and the questions and not how
to simply come up with the
answers

Sympathetic/ empathetic Comment with an effort to try
and understand a situation or
an actor

And thus even logo design is in
itself a very, very thought
intensive and intricate job …

Nostalgic Referring to memories Lot of memories here!

Critical Toward pointing shortcomings
and limitations

If one does want to leverage a
metaphor, then abstraction and
composition ought to support
it. Both are lacking in this case

Questioning/Skeptical A comment raising doubts and
suspicion

I’m also strongly hinting at
their competence …

Defensive Statements to defend an
idea/action/actor, occasionally
preemptive

Not necessarily … both do
different things and have
different skills … both need
each other

(continued)
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Table 40.1 (continued)

Coding scheme Description Representative comments
(random samples)

Disappointed Expressing dissatisfaction
implicitly or explicitly

If it’s such a high budget
project, as the costs which have
been discussed I am super
disappointed by the …

Judgemental Passing or pronouncing a
verdict

Finally, the buck should stop at
the top heads of the two entities

Sarcastic Expressing a strong negative
sentiment in a lighter note

The triple rings of the new logo
are costlier than wedding rings

Attributes/elements of design being referred to

Visual About visual attributes For me this shape and
composition resembles a leaf, a
petal, a surfboard etc. if I go
literal way …

Cultural About cultural and historical
context

The crest already has brand
recognition and reflects the
heritage of the Institute

Psychological About emotional and
psychological aspects

Something about the shape has
visual pleasantness

Philosophical About beliefs or principles that
allude to an explanation of why
and how

A logo is difficult to put a price
on …

Rhetorical A comment intended to
impress, persuade or influence,
often beyond apparent and
explicit attributes

The new identity is inspired by
the perpetual motion and
dynamism of the atom, the
wisdom and transcending
capabilities of the lotus and the
flame of knowledge. It
embraces change while also
maintaining a level of
continuity

Ideological About beliefs or principles that
are taken as a guiding rule or
position

Here is an attempt to find a
middle ground between a
traditional institutional logo
and a modern one

• Attributes and elements of design are referred to, which include visual, cultural,
psychological, philosophical, rhetorical, and ideological.

Table 40.1 provides a brief description of each of the codes, including a sample of a
coded segment relevant to each of the codes. It must be noted that all the segmented
data are coded across all three categories wherever applicable. In addition, many
segments, including some listed as examples in Table 40.1, are found to be relevant
to multiple codes within the same category. For example, the statement “Really
appreciate the effort. But I think it should be much simpler and clean” is not only
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encouraging, but it is also critical. Nearly 2800 messages are available in the dataset,
of which there are several diversions on topics that are not related directly to the topic.
Thus, out of the 2800 segments, only around two-third of these segments are coded.
Nonetheless, while these diversions and interruptions (non-relevant segments) could
have been removed altogether from the dataset, these are retained and marked such
that the number of discussion sessions could be identified, and assessed on why
and how the discussions on the specific topic of interest resumed despite repeated
diversions, and how the patterns across these sessions changed, if they did.

40.5 Preliminary Results and Findings

Figure 40.2 shows the pattern of discussion as revealed through the code-based
content analysis. The top part of Fig. 40.2 shows that there were at least sixteen
different discussion sessions that were interrupted mostly by other discussion topics
during the one and half months of discussion. While some of the discussion sessions
were short, especially toward the end (14–16 in Fig. 40.2), there were some intensive
sessions that were packed within a much narrower timespan. For instance, sessions
2–5 were spread between 3 days, and similarly, sessions 6–14 were spread between
7 days. A breakup of each of the sixteen sessions in terms of the number of times
each code appears in the discussion in the specific session is shown in Fig. 40.2.

For example, the discussions in the brief first-session primarily focused on the
logo and the people involved—the consultants who designed the new logo and the
decision-makers at the institute who approved the redesigned logo. Most of the
comments were critical, objective, and sarcastic, referring to the visual, ideological,
cultural, and philosophical aspects of the design. Similarly, the discussions in the
second session were more substantial, including comments about the product (logo),
the process, as well as the people (involved stakeholders). The discussions continued
to be critical, questioning, and skeptical, revealing disappointment, sarcasm, and
a judgmental tone. These discussions covered all the elements of design—visual,
cultural, ideological, psychological, rhetorical, and philosophical—in that order.
There was also appreciation and encouragement for group members who proposed
the need to raise the issue further and explore design alternatives that could be
proposed to the institute to demonstrate and convince how a better redesign of the
logo was still possible.

Nonetheless, without going any further into the specifics of each of the sixteen
sessions in this paper, it can be seen from the overall patterns in Fig. 40.2 that the
discussions gradually moved from criticism, disappointment, and sarcasm that was
directed toward the redesigned logo, the process, and the stakeholders to discuss on
the alternative designs proposed by the group members. Nonetheless, even for the
design proposals from the groupmembers, therewere plenty of critical, skeptical, and
judgmental comments, largely related to visual, cultural, ideological, and rhetorical
aspects of the proposed concepts. There were occasional comments of appreciation
and encouragement as well, but as the discussions progressed, those who volunteered
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Fig. 40.2 Quantitative patterns of chat discussion revealed through the coded and segmented data
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to propose design alternatives increasingly became more defensive, preempting crit-
ical, and judgmental feedback from the others in the group. For example, statements
such as “I am sorry, I assumed that this group would welcome discussion on a multi-
tude of ideas before getting into designing concepts…” reveal the changing tone and
tenor of the discussion. Similar changes in the patterns of discussion are observable
across various aspects, which will be reported in future publications. As an overview
of the overall patterns in the discussion, Fig. 40.3 shows the co-occurrence of the
codes in the coded dataset.

As seen in Fig. 40.3, the most frequently occurring codes in the coded
dataset include the product (design solutions or related concepts), visual (attributes
and elements of design), ideological (attributes and elements of design), and
critical (tone and tenor of the comment). The top 10% of the highest
co-occurring code-pairs include product-visual, product-critical, visual-critical,
product-ideological, product-encouraging, visual-ideological, product-cultural, and
visual-cultural comments. All the co-occurring code-pairs in the top 10%and the next
10% of the dataset are marked in enclosed cells and underlined cells, respectively,
in Fig. 40.3.

Fig. 40.3 Co-occurrence matrix for the different codes for the overall coded dataset
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40.6 Discussion and Conclusions

Thepreliminary results presented in this paper demonstrate that the social interactions
in an online chat group can reveal various aspects of the groups and group members’
beliefs and thoughts about their areas of common interest, and how they engage and
interact with each other.

For instance, the findings that the coding scheme developed specifically for this
dataset turned out suitable for coding and revealing the patterns of interaction in the
group suggests that the groupmembers implicitly or explicitly recognize that designs
and designing comprise visual, cultural, psychological, philosophical, rhetorical and
ideological elements and attributes. Similarly, the criticismof the redesigned logowas
often coupled with questioning and skepticism of the design consultant’s capabilities
as well as that of the entire process of design management and design review. This
suggests that the group members not only recognize the intertwining of the products,
processes, and people but at the same time, it appears that it is often difficult to review
and judge a design artifact independently, without making attributions and judgment
toward the designers and their emotions.

Similarly, the pattern of discussion also revealed various aspects of group
dynamics. For instance, while some of the group members readily questioned the
capability of the design consultant (an outsider) based on their designs, there was
never any attempt to question a group member’s capability even though the concepts
proposed by the group members were equally criticized, if not more. A clear pattern
emerged in how group members typically responded to a design concept proposed
by one of their own. The first few responses were almost always appreciative and
encouraging until one of the members mixed encouragement with criticism. Once
a hint of criticism broke the ice, the tone and tenor of responses turned negative
toward criticism, skepticism, and judgmental comments. There is clear evidence that
group members were initially guarded and careful not to offend anyone within the
group, but their position changed once someone else created an opportunity. Such a
pattern seems to indicate that the group can be characterized as a semi-formal closed
group where group members are neither absolutely frank nor too formal to not be
openly critical. For example, referring to the pattern of discussion itself, one of the
group members stated the following in relief to a critical comment from another
member—“Thank you XX! I was wondering how to say this thing in this august
forum”.

The pattern of interactions also provides clear evidence of social cognition and
learning. For instance, as the discussions progressed, the group members who volun-
teered to propose alternative concepts adopted a defensive approach and qualified
their new proposed concepts with an explanation such as “Ideation on the logo …
pls ignore the text contrast/ positioning/height for the time being…the feeling to be
conveyed was boldness, presence of the institute, ‘crowning’ of science …”. Such
a qualified introduction of the new concept shows how this member recognized the
pattern of criticisms and preempted the kind of critical comments he may receive if
not explained upfront. Thus, this member not only learnt what kind of criticism can
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be expected but also learnt and developed his own strategy on how to engage with
the group and how to present his ideas for a more favorable response.

In summary, though this paper presents only preliminary findings from an ongoing
research, the paper demonstrates that online group chats and discussions can be
insightful when appropriate qualitative and quantitative researchmethods are applied
in conjunction.
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Chapter 41
Our Machines

Louise Colbourne

Abstract Our relationshipwithmachines has evolved to the pointwhere it dislocates
our connection to the natural world. Our machines are a series of curated exhibitions
and events which include a selection of video art and objects that explore emerging
technologies and reflects on our lives as cyborgs. Artists and designers often work
at the forefront of new technological eras, exploring, utilising and adapting new
apparatus, materials and systems. By looking at the evolution of some of the work of
these practitioners, it is possible to trace a trajectory of the development of newmeans
to express transformation, empathy and affinity to one another and with technology.
This text considers how the selected works within these exhibitions enhances our
post-human existence by offering imaginative and positive experiences of our lives
as cyborgs.

41.1 Introduction

41.1.1 Initial Concept

Our Machines are disturbingly lively, whilst we ourselves frighteningly inert [1].

Artists and designers whose pioneering work with and about machines over the
last century have been far from inert. By testing and pushing the boundaries of new
technologies, their work engages with our experiences of technoscience. This paper
looks at the first in a series of curated exhibitions which brings together a selection
of work made throughout the last five decades. The Our Machines project has been
on-going for the last 5 years bringing into focus a wide range of cross-discipline and
inter-generational art and designwork. The curatorial concept was to give a collective
voice to the creative works that have at times broken apart devices and systems in
order to both question and re-humanise the latest technological developments. Some
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of the frequently probed questions within the exhibition are about the necessity
for limitless progress, or to point out that references to the natural world are fast
disappearing. The endeavours of the artists and designers are carried out in a spirit
of openness and freedom. Freedoms that have often been afforded by the arrival of
new technologically advanced tools, which have offered the opportunity for these
practitioners to seize the means of production [2].

Most of the works included in the exhibition are time-based media; considered
illusionary and non-existent, yet instrumental in asking the viewer to question a
world, where multiple views show reality in a state of flux [3]. The focus of this
presentation will be on specific examples of work from the exhibition that offered
experiential, immersive interactions for the viewer, challenging the notion of the
illusionary and non-existent and refusing to be experienced as inert. Our relationship
with machines has indeed evolved, and in the age of the Anthropocene, does the
brining together of this selection of work communicate a restorative affinity with
nature, each other and machines?

41.1.2 Exhibition Programme Design

For the purposes of this paper, I will be concentrating on the first exhibition held at
observer arts, at the observer building in Hastings, UK in 2016. The design of the
exhibition and the supporting printed material are important aspects of this project.
The curation aims to both reflect the concepts of the overall exhibition and to offer a
platform for the individual works within it to resonate in their own right (Fig. 41.1).

Starting with the reading of Donna Haraway’s Cyborg Manifesto (1985), the title
for the exhibition came out of the above quote. Conversations with peers initiated
the momentum to challenge the notion of Haraway’s statement that our relationships
withmachines are ‘disturbingly inert’. Haraway’s statement is in manyways true and

Fig. 41.1 Our Machines,
exhibition poster, L.
Colbourne 2016
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prophetic; now that our dependency on devices in the current age is essential, and
our data is gathered and stored without a full understanding of why or how. However,
the statement by Haraway quickly bought to mind a list of artists and designers who
have challenged this assumption of inertia. The curatorial gambit became one that
would attempt to plot a trajectory of the pro-active interventions with technologies
and machines that artists and other creatives have established through their working
practices and within recent history.

As well as reflecting on this particular statement from A Cyborg Manifesto [1], it
soon become relevant to reflect on the relationships that the various art works also
had on the overall call of the manifesto; to reject rigid boundaries between the human
and non-human machines, and to an assert an affinity between them. So exuberantly
does Haraway proclaim this concept that in last line of the manifesto, she states that
she ‘would rather be a cyborg than a Goddess.’ [1].

The Our Machines exhibition includes a selection of work that often require
dark, quiet spaces, the challenges of this resulted in some surprising out-comes. The
occasional bleed between the sights and sounds of the works as they were played out
in the exhibition space, were experienced as unique and serendipitously engaging.
This evocation of ‘conversations’ between the different voices of the artists, eras
and mediums, echoed across the vast industrial space, asserting the notion of affinity
between the works and their collective purpose (Fig. 41.2).

The location used for the exhibition in Hastings was at a former print works for a
regional newspaper. It was a very large 600m2 space,which once housed vast printing
beds. Some of the work by the artists uses the latest in new digital media, and it was
evocative that this exhibition was placed in this once industrious, mechanical factory
floor. The publication for the exhibition was printed as a small six page spread on
tabloid-sized newsprint, which was printed locally to align with and reflect on the
previous occupancy of the building.

Fig. 41.2 Our Machines,
exhibition installation view,
L. Colbourne 2016
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41.2 Themes

41.2.1 Overview

The exhibition (and associated events) was put together around three areas for discus-
sion or as quasi themes which either romanticised, humanised or criti-cised the
subject of technology.

For purposes of this exhibition, it helped to ground some of the similarities or
indeed differences, between the works chosen within these themed groups. This
helped to establish a structure for dialogue and to emphasise certain frames of refer-
ence. However, these themes were not articulated in the publication or even in the
curatorial journey as such, they were predominantly set out as points for sympo-
sium discussion. Most art does not seek to centre itself on the communication of a
single concept or theme, traditionally the work of a designer seeks to come up with
definitive answers to a brief or problem. Yet more frequently designers are initiating
projects as self-authorial endeavours, often aimed at positive change. Designers and
design collectives are more frequently being associated with the endeavours of what
we might traditionally experience as a work of art; exampled in the work of Forensic
Architecture or Theaster Gates.

41.2.2 Romanticise

Historical interactions with spaces, places and things can offer romantic associations
to new technologies. As new machines emerge in the present and have done so in
the past, they inform how we might imagine a future [4]. Early cinema offered a
magical yet challenging experience for the viewer as the depicted scenes enthralled
audiences. This was also experienced earlier with the Magic Lanterns of the seven-
teenth century; audiences were as perplexed as they were mystified by the sequences
of slides depicting scenes of the surreal and mythical, played out in darkened rooms
with the aid of candle light. The arts are quick to explore and utilise the mecha-
nisms of new technological epochs, and in doing, so many stories can be told about
the possibilities of other worlds and new horizons. Our Machines considers various
points of reference that resonate with these imagined futures that at times attempt
to re-instate the sublime through new aspects of nature and landscape or beyond
(Fig. 41.3).

Band 9 is an installation that considers aspects of nature through a techno-scientific
lens. This image shows the installation of nine light boxes, which each show a digital
image of cloud data. This data has been captured by a remote sensing satellite, which
orbits the Earth [5]. Semiconductor (the artist duo based in Brighton) has used optical
sensors to collect the reflected light in various wavelengths of the electromagnetic
spectrum. By focusing on very thin slices of these, scientists can pinpoint individual
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Fig. 41.3 Band 9 2015, installation view, semiconductor

phenomena such as the bands we see in this installation. The machine used to collect
this data is designed to reveal high-altitude clouds called cirrus.

Another piece of work in the exhibition also reflects on the natural world is Voice
Windows, 1990 by Steina and Woody Vasulka and Joan La Barbara. This piece
included vocal elements and voice patterns by the singer Joan La Barbara that were
then intercut with images of desert landscapes. Steina andWoodyVasulka then added
speed changes, directional variations, and additional electronic voice processing to
the final piece. The sounds of La Barbara’s voice become a visually rendered rhythm
of movement resonating within an electronic land/sound scape (Fig. 41.4).

Saskia Olde Wolbers’ films are painstakingly crafted to appear as if they were
digitally rendered but are in fact made of analogue processes. Wolbers, carefully
films model sets underwater, they have been dripped in paint and lit to disorientate
the sense of scale. The underwater action of dripping paint appears to be happening
in slow motion but it is playing out in real-time. These lo-fi sculptural and chemical

Fig. 41.4 Paredolia 2011, installation view, Saskia Olde Wolbers
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processes are beautifully rendered. Paredolia (2011) is accompanied by a voice-
over of a reading of Eugen Herrigel’s book Zen and the Art of Archery. The work,
however, subverts any notion of the truth of filmed reality and creates instead a
dream-like surreal experience for the viewer.

41.2.3 Humanise

This group if work seeks to communicate the complexity of the human experience
from the domestic to the global. The works often imbue a sense of empathy and
connectivity through the use of teleporting contraptions, humour and scientifically
rendered voice patterns.

The cinematic genius of Buster Keaton entered into the audience’s experiences
of the spectacular illusionism of cinema at the beginning of the last century. His
antics were thrilling and engaging but also offered a humorous distraction to what
was challenging new technological apparatus; the cinema view of large out-of-scale
images. Keaton reflecting humanity through his physicality and use of the cinematic
frame as devise to communicate with audiences and draw them into the narrative
with slapstick humour.

Senses of scale and a call to see the bigger picture inspired Stewart Brand to ask the
question; ‘Why have not we see an image of the whole Earth?’ In his campaign to do
just that he ran in 1965. When NASA did release a photograph of the whole Earth in
1967, Brand used it for the cover of his magazine the Whole Earth Catalogue [1968–
72]. Brand’s catalogue was full of tools and tips to live greener and sustainable lives,
making it a forbearer of Internet search engines, the opening lines of the catalogue
stated:

We are as gods and might as well get good at it.

This was all part of the groundswell of positive thinking of the time in reaction to
the VietnamWar and civil unrest [8]. Other designers also had dreams to change the
world for the better such as Buckminster Fuller, and Ken Garland’s the First Things
First manifesto of 1964 called for more meaningful design. These designers and
innovators saw a way forward from advertising campaigns and consumer capitalism
of the time; towards a more empathic, humane future.

Later, there was growing opportunity for women in the field of design through
the new technological developments of apple computers in the 1980′s. With digital
technology emerging, the designer Muriel Cooper was inspired to set up the visible
language workshop at MIT. She wanted to see what happens when designers are
given direct access to the means of production:

Iwas convinced that the line between reproduction tools anddesignwouldblurwhen informa-
tion became electronic and that the lines between designer and artist, author<> and designer,
professional and amateur, would also dissolve [9].

Within the work on display as part of the Our Machines exhibition was a curious
machine by the design team: David Chatting, Paulina Yurman, Jo-Anne Bichard and
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David Kirk. It was called Family Rituals 2.0 Ritual Machine ‘Anticipation.’ This
bespoke technology was made for a busy couple that lived apart from each other
during the week. The machines placed in each of their homes meant that they could
share moments of reflection, allowing them to communicate resonances about their
work/life balance with each other. The operational functions of the machine are
based around the everyday rituals of the home, which are missed in their day-to-day
separation from one another (Fig. 41.5).

‘ScreenMachine’ is a device created by Paul Sermon and Charlotte Gould to offer
public audience participants interactive play between different spaces and places. The
audience have the opportunity to co-create chance encounters between friends or
other random participants and to then initiate self-direct spontaneous performances
between two separate installation locations. Inspired by urban and cultural surround-
ings and the re-contextualized of locations and spaces ‘Screen Machine’ which aims
to allow audience members the agency over the outcomes of this intervention, akin
to a tele-present flux happening (Fig. 41.6).

Vesna Petresin’s piece ‘explores the topology, boundaries, immersion through
embodiment and the notion of gaze. It situates the space of the body in relation to its
environment, and the sound of human voice in relation to technology. Particle fields
informed by the body geometry interact with the space that surrounds the body; their
transformation is driven by acoustic parameters of the piece of music performed by
the artist. The pattern shaped by the body and the voice becomes a crystallised sonic
pattern’ [3].

Fig. 41.5 Screen Machine 2016, installation view, Charlotte Gould and Paul Sermon



516 L. Colbourne

Fig. 41.6 Audiomorph [Can
I Wear My Song] 2016,
video still, Vesna Petresin

41.2.4 Criticise

Key moments in history such as the industrial revolution created spiritual shifts
as much as they heralded a practical force for change. In the current era, machine
learning and generative processes are becoming the normative practices of interactive
design. Artists such as Hito Steyerl use AI to make informed art work such as
Power Plants 2019, but to what end? Has the evolution of technology as a grand
utopian gesture, in fact, become a passive extension of the human experience; perhaps
reinforcing our creative powers by amputating our natural ones [3]. In this section, we
look at some of themore critical voices of the selected artists. Theymay communicate
a call to action for technology to become less invasive in our lives or to utilise it for
expressing the politically urgent (Fig. 41.7).

Dara Birnbaum makes use of the video editing software as soon as it becomes
possible to carry out VHS post-production on a small budget. By editing excerpts
from the 1970’s TV series Wonder Woman, Birnbaum’s expresses a feminist view-
point as well as her skill as an editor and montage artist. This pro-active assemblage

Fig. 41.7
Technology/Transformation:
Wonder Woman, 1978/9,
video still, Dara Birnbaum
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come into full play with technology/transformation: Wonder Woman 1978/9. The
explosive bursts of fire open the sequence, the repetitive action throughout the video
works to deconstruct the ideology embedded in the television icon. Wonder Woman
is trapped in hermetamorphic state as she endlessly turns, full circle through amyriad
of chopped edits. The radical manipulation of the female icon re-appropriates the
female forms and asserts a new strength and power both in the scenes she has edited
and in her own command of the medium.

For Disambiguation 2009 James Richards and Steve Reinke exchanged discs of
music, stray footage and fragments of existing works for each other to remix, add
alternate soundtracks to and re-order [15, 16]. The work used and edited together for
this work had been collected and downloaded from years of trawling the Internet by
James Richards. The earlier analogue sound and video recordings had been collected
by Steve Reinke. The result of editing these two archives together is becomes some-
thing between a compilation, a newwork and a curated programme. Like an exquisite
corpse forged from their attempt find a common voice that speaks of the dissolution
of self. The dissolution of meaning, dissolution of image, dissolution of the original,
ends up being a raw, disjointed, free, abstracted, visceral, retinal, discordant, close,
distant, disembodied, liquid, implacable, democratic, dub montage.

In Luke Pendrell’s Rictus 2016, a similar fracturing occurs to Richards and
Reinke. This work ‘inhabits a broken time populated with dislocated fragments of
the digital Sargasso. Stuttering jpegs, feedback loops, glitches and fractures, thwart
our navigation through a world choked within its own visual detritus [14] (Fig. 41.8).

In Matthew Noel-Tod’s piece, a blazing inferno turns a 3D image of the world
orbited by four cartoon children. Encircling the globe is the Latin palindrome; In
girum imus nocte et consumimur igni (We go in circles into the night, we are
consumed by fire) [15]. The phrase is taken from the title of Guy Debord’s final
film and was used because it is attributed to the behaviour of moths around fire.
In Noel Todd’s, A Season in Hell 3D the children are in constant movement, never
landing, never leaving, far from innocent the other-worldliness of the game environ-
ment is far from playful. Purgatory is overwritten by the ecstasy of the spectacle
[17].

Fig. 41.8 A Season in Hell
3D (2014), 3D video loop
still, Matthew Noel-Tod
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41.3 Conclusion

In conclusion, Our Machines has bought into focus the affinities and complexi-
ties between disciplines, processes and communicative means of our experience of
the cyborg. Artworks that reflect on the sublime within nature such as Band 9 by
semiconductor may seek to communicate the human experiences of nature as reflec-
tive and enlightening, offering extraordinary perspectives of the world around us,
whereas traditionally, design has a more problem-focused approach to the here and
now. However, by considering the trajectory of brand, fuller and cooper, we have
witnessed their call to humanise technoscience and work towards long-term change.
More frequently now and with a growing sense of urgency the role of the designer
has shifted to one whereby their projects are evolved by research-active practitioners
who intend to add to the restoration of our world, such as the extraordinary work of
Forensic architecture; the research group based at Goldsmiths University in London
who have unearthed architectural evidence in cases of war crimes and human rights
abuses. Design for change, does not focusing purely on making better things for
better futures but sticks with and addresses current problems.

Whilst looking back to the past, we are alerted to what needs changing now, for
a brighter future. Aspects of some of the critically engaged works included in the
exhibition speak directly of the urgency of our over-reliance on social media and the
accumulation of big data. Richards and Reinke show us that the dissolution of the
‘self’ is fragmentary as we all become a series of images of infinite abundance, now
ever more prevalent via digital uploads. Birnbaum’s transformative video of Wonder
Woman speaks directly to Haraway’s call in her manifesto that we move beyond
gender and transform into cyborgs. This point is echoed both in the reading of the
video and in the making of it; that these women have become one with technology.

Many of the works in the exhibition do begin to pin point certain aspects of
Haraway’s manifesto, from transformation to affinity and pro-activity in the face
of the possible inertia. These practitioners not only accept technological advances,
but they embrace, question and utilise them to communicate aspects of our techno-
scientific lived experiences. Gathering these works together in this series of exhibi-
tions and events has shown a light on the possible affinities we have with each other,
nature and technology. Our human condition in relation to technology is communi-
cated in an attempt to negotiate and articulate a vision of a brighter future, by being
fully engaged with and immersed in the urgent present.
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Chapter 42
A Qualitative Study of Global Design
Practices to Build Directions
and Opportunities for Indian Social
Design

Tanishqa Bobde and Raman Saxena

Abstract The design industry including design knowledge and practice is constantly
evolving itself to fulfill the evolving needs of society in order to deliver a larger
social impact. Social design is a field that stresses the positioning, responsibility and
collective societal impact of designers and designed products. The underdeveloped
and developing world can benefit largely from social design interventions. India is a
developing country with social problems like poverty and poor health care—giving a
large scope for social design work. However, major development of social design is
limited to other countries. A qualitative study was conducted with 14 global design
practitioners to understand the social design theory, knowledge and practice existing
globally and identify directions and opportunities for the Indian context, by using
a cultural lens. The study suggests creating open dialogue, simplifying vocabulary,
bias-busting, fostering cross-cultural social design and encouraging mindfulness as
the main opportunities. These opportunities can be applied both in social design
practice and design education.

42.1 Introduction

Social design has gained rapid traction over the years and can be traced to writers
like Victor Papanek [1] and Victor Margolin [2]. As design thinking has progressed,
there has been a growth of socially centered designers tackling critical social issues
like mental health and poverty [3]. These issues are associated with the social sector
which is central to the overall socio-economic development of a country [4].

India is a country of over 1.2 billion people [5].A large chunk of society is deprived
of basic needs including education and health care. 67 million Indians comprise the
poorest half of the population [6]. India is now at the low rank of 112 in terms of
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gender equality due to poor economic opportunities for women among many more
reasons [7]. 25.6% of Indian population is illiterate [8] and India also faces social
problems like fake news [9] and poor mental health [10]. Despite these social issues,
social design in India is limited and a slowly developing practice. There is a lack of
innovative reflection on the diverse perspectives emerging from this field, especially
compared to other countries [11].

Current social impact work in India is dominated by social enterprises and NGOs
who lack knowledge and skills of human-centered design [12]. There are 1.5 million
NGOs in India, 21.3% work in the area of community and/or social service. About
one in five NGOs work in education, 17.9% in sports and culture and 6.6% in the
health sector [13]. They reflect social development work but not necessarily social
design work.

In other countries, social design projects have emerged for similar problems,
e.g., The Good Kitchen, a government kitchen service for the aging population in
Denmark. The social problem is that 60% of Denmark’s seniors in assisted living
facilities or residential care units have poor nutrition, and 20% are malnourished.
The result is health problems, a low quality of life and a greater economic burden
on the government. Design firm Hatch & Bloom did rigorous ethnographic design
research and created a solution which involved improving the working experience
of kitchen staff, increasing interaction between the kitchen staff and the people they
serve, redesigning the menu and changing the name from ‘Hospitable Food Service’
to The Good Kitchen. This saw a 500% increase in food orders in the first week itself
[14].

Design methodologies, like participatory design, that are used in the process of
social design have been primarily developed in the West [15] and have gained little
attention in terms of being built for the culturally different developing world.

Culture plays an important role in design and has an influence on social behavior
and hence social design [16]. Cross-cultural design gives designers a greater possi-
bility to develop their own intentions and design languages, as well as more creative
and relevant outputs—which are produced by observing seemingly ‘hidden’ dimen-
sions of a particular societal culture [17]. There is a need to take a closer look into this
topic and the globally emerging standards and design tools like citizen participation
from a cultural lens [11].

Outside India, there is not only the development of social design-related theories
and tools but also various social design education initiatives [18–20] against which
there is only one full length Master in Social Design course in India (School of
Design-Ambedkar University, Delhi) [21]. There is a need to blend design study
with other domains like the social sciences [22]. As Meyer and Norman [23] have
stated, tackling social issues through design requires a holistic design education.

It is clear that social design can play a critical role in solving social issues and in
spite of having a large scope for such social design interventions in India, most of
the interventions are being carried out by Non-Governmental Organizations/NGOs
which lack skills and expertise in social design. There is a need for exploring new
approaches, theories, conversations and concepts of social design from the lens of
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Indian culture [11] keeping in mind the current nascent state of Indian social design
and the simultaneous development of social design in other parts of the world.

Determined from the above, this study explores the following research question:
Based on the social design knowledge and practices existing among designers glob-
ally, what are some theories and opportunities for development of social design in
India, from a cultural lens?

42.2 Research Methodology

The research was conducted using a qualitative research methodology with semi-
structured interviews applying a cultural lens. This methodology facilitated the
understanding of global social design practices and knowledge from designers while
contextualizing it to India with the cultural lens. This cultural lens was guided by
an understanding of three widely recognized models, the Iceberg Model of Culture
proposed by Hall [24]; the six dimensions model of national culture proposed by
Hofstede [25] and the cultural dimensions proposed by Hall [26, 27]. These models
supplement each other well [28].

42.2.1 Cultural Models

The Iceberg Model of Culture by Edward T. Hall (1976). Hall [24] proposes that
in any culture, there are some parts that are visible (above the iceberg) but a larger
portion is hidden (see Fig. 42.1).

The external or conscious part of culture is visible and includes beliefs and behav-
iors. The internal or subconscious part consists of values and thought patterns that
underlie this behavior. He suggests that the only way to understand this hidden,
internal part of any culture is by actively participating in that culture.

Fig. 42.1 Visual depiction
of Hall’s Iceberg Model of
Culture
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Six dimensions model of national culture by Hofstede. Cultural dimensions [25]
are overarching independent characteristics that describe a culture’s behaviors and
preferences like the relation to authority, for example. These are used to under-
stand cultures at a national level [29]. Hofstede’s model proposes six cultural dimen-
sions: power distance (to what extent people tolerate unequal distribution of power),
masculinity (the extent to which personal achievement and material reward are
valued), long-term orientation (ability to adapt to rapid innovative changes, i.e.
creativity, curiosity and liberalism), uncertainty avoidance (tolerance to ambiguity),
indulgence (extent towhich people are optimistic and experience joy in simple things)
and individualism (how society members identify themselves, i.e., ‘I’ versus ‘We’).
Hofstede defined this widely recognized model based on an extensive worldwide
survey of employee values from 1967 to 1973 done by IBM.

Cultural dimensions by Edward T. Hall. Edward T. Hall proposes the cultural
dimensions of space perception (comfortable physical distance) [26], context of
communication (implicit and high context communication or explicit and low-
context communication) [24] and time perception (preference to do one task at a
time meaning monochronic cultures or more tasks at a time meaning polychronic
cultures) [27]. This model supplements the model of Hofstede by giving directions
to help understand communication and task management by different cultures.

42.2.2 Semi-Structured Interviews

Semi-structured interviews were conducted using video calls individually with 14
designers who were geographically distributed (ranging from Australia and Europe
to Asia and Africa) and all had work experience in India. Semi-structured interviews
were an effective tool in the context of this study because they help gain in-depth data
of samples’ perspectives, experiences and stories [30] and enable better expression
of interviewee viewpoints compared to other tools [31].

The samples were selected using the following criteria:

1. Experience working in social design in varied design domains (experience
ranging from 2 to 10 years; domains ranging from service design, commu-
nication design and design research to product design, exhibition design and
human–computer interaction).

2. Varied levels of experience in design (student to expert).
3. Experience in design education (experience ranging from 3 to 15 years).

14 samples were selected based on the above criteria. Guest et al. [32] reported
that 12 is a good sample size for a relatively homogenous sample set. Before the
interviews, the interviewees were familiarized with the cultural models since this
enabled a more in-depth discussion about social design from the lens of Indian
culture. Semi-structured interviews enabled open expression of the interviewees’
narratives around the topics: what is social design, what processes and practices are
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followed in social design, does working in different cultures affect these processes
andwhat opportunities exist for social design development in India’s cultural context.

The qualitative data obtained from these interviews was analyzed through a
thematic analysis [33] wherein common themes were identified from topics and
ideas that came up repeatedly. These themes led to a set of results which were used
to answer the research question.

42.3 Results

Table 42.1 shows the themes that emerged and the number of interviewees who
brought them up. The remaining interviewees who did not bring up a certain theme
does not indicate disagreement, but simply that they did not bring up this themeduring
the interview. This quantification will help determine the priority and relevance of
the themes in regards to the research question.

While discussing global social design, all the interviewees mentioned that social
design is about the collective and is a complex process which should be simpli-
fied through use of simple and inclusive language. It is speculative and critical, but
grounded in reality. It starts with education and is not necessarily tangible.

On how social design can be practiced in India, all of them focused on the constant
flux and heterogeneity in India. They stated that due to this heterogeneity, cultural
restraint, hierarchies [34], and high context, implicit communication [35], there’s
a need for modification of flat design processes like participatory design and even
standard design research interviews which seem relatively simpler in other more

Table 42.1 Summary of themes that emerged and number of interviewees who brought them up

Theme Number of interviewees who brought it up (n
= 14)

Questioning and dialogue about the role, scope
and point of entry of social design should be a
part of Indian social design

13

Reexamine jargons and use simpler language 11

Informal education and dialogue with
non-design communities about social design

10

Sensitize designers towards their own personal
issues

9

Cross-cultural design work and partnerships
with Indian firms who already have rapport with
the target communities

8

In India, social design should not be used just
for vulnerable/‘poor’ communities

6

Encourage open student dialogue and
questioning in Indian design schools

5
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homogenous and low-context countries. Co-creation sessions and interaction with
the non-design community in India currently requires a long period for breaking the
ice. To tackle this, lateral thinking and quick adaptation is needed.

There is a lack of beautiful solidarity in Indian slums. (interviewee, design anthropologist)

Before diving into the problem areas with existing design methods, time should
be spent questioning what role design is playing here and why it is required in this
context. Informal education and dialogue about social design among the non-design
community in India was pointed out as an opportunity. Collaboration and two-way
knowledge exchange are important for Indian social designers due to India’s cultural
diversity—which makes it harder to understand the larger social community that one
is designing for, and the designer’s positioning within the same. In this sense, the
non-design community members should also be seen as a form of social designers.

No matter how well we think we know people, they know themselves better. (interviewee,
service designer)

Professionals in environmental planning and urban development used design as a tool to
protect the ecological systems of Guayaquil while managing an integrated provision of
both housing and ecological infrastructure during the Designing Inclusion Summer School:
Guayaquil, Ecuador [36]. It involved engagement with economically, environmentally and
socially vulnerable people. We presented the designed strategies in the following manner to
the target audience (see Fig. 42.2).

This manner of presentation failed due to miscommunication and translation errors. After
doing some more iterations, we presented the concepts again in a poster format where the
audience could engage 1 to 1 and discovered that this was very well received. (interviewee,
urban designer)

Incubation time and handing the baton to the target audience are very important
when working in new areas with new people who are unfamiliar with the design
process. The word target audience should be used for designers as well, since the
real social design activity and learnings are two-way.

Avoid design indigestion. One cannot swallow a hamburger whole; we must chew it slowly.
(interviewee, urban designer)

Fig. 42.2 Visual depiction
of the professionals
presenting their designed
outputs to a group of target
audience from the local
community
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Many interviewees pointed out cross-cultural social design as an opportunity for
developing social design in India. This can be done through partnership with Indian
firms who already have a rapport and understanding of the target communities.

Students from different institutions in the West visited India for 2 weeks and immersed
themselves in complex societal challenges in an interdisciplinary team during EPFL +
ECAL Lab’s India Switzerland Social Innovation Camp (INSSINC) [37]. This was done in
partnershipwith SELCO, a for profit social enterprise based inBangalore. It was intimidating
at first, but SELCO trained us with workshops in Switzerland. Due to SELCO’s familiarity
with the context, we had no trouble in understanding their needs. Since we came from a
different cultural context, we thought about unique solutions. We sometimes came with
solutions that would not be possible in the Indian context and other solutions looked silly to
us but were actually the best for the camp. Our occidental perspective along with SELCO’s
expertise led to a fruitful output. (interviewee, designer and researcher)

Traditional design jargons andvocabulary need to be simplified and contextualized
to wipe out the communication barrier—this would make them inclusive.

Some interviewees questioned the stereotype that social design in India should
only help tackle topics like poverty and waste. Social design can also include
designing a restaurant’s system to increase employee happiness, reduce plastic waste
and chances of food contamination. Frugal innovation is already being practiced by
many Indians who are not formally trained designers. The positioning of the same
must be identified during any social design activity.

Are poor people really genuinely unhappy? If yes, then why? And what can we, as social
designers, really do for them, if anything? Jugaad or frugal innovation is very common in
India. How are people practicing it? And is there a need for any more intervention? We must
ask these questions. (interviewee, service designer).

Lack of dialogue and presence of stereotypes was traced by the interviewees to
a lack of open dialogue, debate and questioning in Indian design schools. Some
interviewees mentioned that this is due to the hierarchical Indian culture.

When I taught at an Indian design school, I set up conversation spaces with the students for
moments of reflection and questioning. This was very new to them but it enabled a critical
approach necessary for social design. (interviewee, urban designer and design educator)

I noticed that students who have suffered from depression are intrinsically motivated to
design for the social issue of mental health. (interviewee, communication designer and
design educator)

Making students aware of themselves can help to naturally and informally create
a more socially oriented pedagogy in Indian design schools.

Despite the varying professional level of the interviewees, there was a repetition
and clear pattern of insights received and this shows a common line of thought among
the design audience regarding context-sensitive social design in India. The results
already clearly indicate directions for developing theory and action and have been
discussed in the next section.
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42.4 Discussion

In an Indian social design context, the themes of the results can be put into two broad
categories.

Under social design methodology: conversation and questioning as a formal
social design methodology; re-examining vocabulary and replacing jargons with
simpler language; using social design for all communities; cross-cultural work and
partnership with local bodies.

Under design education: encouraging open student dialogue and questioning in
Indian design schools; sensitizing people toward their personal (social) issues and
scaling design education informally to non-design communities.

The study findings are discussed below in light of the research question.

42.4.1 Based on the Social Design Knowledge and Practices
Existing Among Designers Globally, What Are Some
Theories and Opportunities for Development of Social
Design in India, from a Cultural Lens?

The opportunities have been arranged in order of priority, based on the number of
interviewees who brought up the connecting themes (refer to Results section Table
42.1). Since this is an exploratory design research, each opportunity ends with a
how might we statement to spark possible future research and design activity toward
implementation.

Embed dialogue in the social design process. The social design process in India
must have dialogue woven into it. India has a high context culture, meaning there is
a lack of open dialogue and direct conversation compared to some Western cultures
[35]. However, this open dialogue needs to be built up bit by bit in Indian social
design practice. Prasad [11] has mentioned the need for conversation and dialogue
among diverse actors for the advancement of social design and innovation in India.
The findings of this study add on to Prasad, by stating that this dialogue needs to
be imbibed in the definition of social design itself. This dialogue should be among
design teams, between designers and the non-design community, among the non-
design community and between the designer and themself. Mindful dialogue of the
designer with themself is an integral part of social design because understanding
ourselves helps us understand others better [38]. The non-design community can
also be seen as a form of social designers. This is complemented by a large presence
of frugal design in India which, as stated by Khan [39], has a practical contribution
towards pressing social needs.

How might we facilitate conversation and dialogue throughout the social design
process?
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Simplify vocabulary. Design jargons like co-creation, democratic design and
empathy are usedwidely bydesigners. Thesewords and theirmeanings are important,
but over the years, havewe retained their truemeaning in the context of varying design
activities? India has high context communication [35] and a plethora of languages
[40].When engaging in social design, we not only deal with this but also with diverse
communities who have diverse literacy backgrounds [8]. Hence, going back to the
design vocabulary and understand the real meanings of jargons in a particular context
should be a formal activity of the Indian social design process.

How might we simplify the design vocabulary we use in our daily practice to
make it easy to understand in varying contexts during social design work?

Scope of social design in India and bias-busting. Bias-busting should be a formal
activity in the Indian social design process. Behavioral biases affect us all, especially
while engaging with different cultural groups [41]. Saying that social design for
India is involved with only helping poor people living in slums is a very biased
and incorrect statement. These statements should be made only after doing research
through conversation and understanding the people (as mentioned in one of the
previous points). Social design can tackle the needs of other communities in India
too. People all over India suffer from fake news [9] and mental health issues [10].
The social design example of The Good Kitchen in Denmark [14] tackles issues that
exist in India too. Social design can be used to tackle systemic issues related to food
service, aging population and alleviation of overall quality of life of Indian people.
Social design can also be used to promote desired pro-social behavior implicitly
in people. Behavior impacts social design and social design impacts behavior [42].
Biases have a direct relation to our quality of work as designers [43], more so here
as social designers. These biases must be addressed as a part of design education
curriculum as well as design practice.

How might we tackle our biases so that they do not interfere judgmentally into
the social design process?

Cross-cultural social design as an opportunity. This means that designers from
different cultures intervene in Indian social design. Lee and Bain [17] have stated that
cross-cultural design practice leads to larger design discoveries. The findings of this
study supplement this. In an Indian social design context, large design discoveries
can be made through cross-cultural design, but this must be done in partnership with
local bodies. Partnership with local bodies that are familiar with the subcultures
can help warm up and begin conversation. People should be aware of cultural rules,
stigmas, communication, etc. Social design practices should be moved from big
cities to smaller towns [11] in partnership with local bodies to increase sensitivity
and familiarity towards the subcultures in India.

Howmight we nurture cross-cultural collaboration and global exchange for social
design projects in India?

Dialogue in design schools. Formally built safe, trustable conversation spaces where
students can comfortably share and question concepts, projects and problems should
be present in design schools. These conversation spaces should not be open only
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to members of the design school but also to the non-design community and design
professionals. Awareness of design students about themselves should be encouraged
as well through encouraging mindfulness about one’s emotions and the world around
them. Making students aware of certain social problems they have personally expe-
rienced, like mental health issues or periods of debt and poverty could sensitize them
to work on social problems for others. Following these cues can catalyze the social
design pedagogy in Indian design schools without going through the rigid hierarchy
and large time gaps which are caused due to high power distance in Indian culture
[25].

How might we facilitate open conversation and mindfulness in Indian design
schools?

The strength of this study lies in the wide geography and background of the
samples. The study suggests that there is a common thread of thinking among this
audience about the topic of social design in regards to Indian culture. This diversity of
samples facilitates any designer curious about social design to utilize the directions
provided and apply themwithin their own domains and contexts. The findings are not
relevant only to design practice but can also aid Indian design education. They can
catalyze the process of building more socially motivated Indian designers, which, in
the big picture, can help in the growth of Indian society, economy and culture.

42.5 Limitations and Future Scope

Ideally, in-person interviews should have been conducted. However, sincemost of the
interviewees were in varying geographies and there was time and resource limitation,
interviews were conducted through video calls. Due to this, the study may have
missed body language cues which could have given better insights. However, the use
of video calling software in such situations is justifiable [44].

A topic brought up by one of the samples when discussing social design ‘needs’
wasMaslow’s hierarchy of needs [45] which proposes five sets of basic human needs
arranged in a hierarchy—starting with physiological needs up to self-actualization
needs. Future scope could involve going deeper into whether this hierarchy can be
connected to Indian social design theory, and if yes, how?

Future research can involve testing the scope and validity of the proposed opportu-
nities in different Indian subcultures and identifyingwhatworkswhere andwhen, and
creating solutions that can be directly implemented in Indian social design practice
and Indian design education based on the guidelines provided by this study.

42.6 Conclusion

The study enabled understanding of global social design knowledge and practices
and helped build theories and opportunities for social design within the context of
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India. A qualitative study was done with designers from varied backgrounds who
have all worked on social design on social design in different geographies including
India. Using a cultural lens contextualized the findings to India. Creating open
dialogue, simplifying vocabulary, bias-busting, fostering cross-cultural social design
and encouragingmindfulness emerged as themain opportunities. These opportunities
can be applied both in social design practice and design education. Existing litera-
ture has mentioned the need for conversation but not gone in-depth about whom this
conversation should be between andwhy. This study gives a clearer view of the same.
The literature also stressed the need for developing theory and knowledge specific
to Indian social design, considering the Indian socio-cultural phenomena. This study
has taken a step forward to build this theory and created knowledge for present and
future design studies and social design work.
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Chapter 43
Anecdotes to Animation: Role of Oral
History in Visual Adaptation Study

Swayamsiddha Panigrahi, Hans-Martin Rall, and Mazhar Kamran

Abstract This paper investigates the qualitative research method of oral history
collection through in-person interviews in the context of visual adaptation studies. For
this discourse, two academicians cum animation scholars across two countries, India
and Malaysia, are interviewed. Personal testimonies are validated to understand the
process and decisions for designing traditional visual art informed animation styles.
The study evaluates the research method through relevant, practice-based examples
and context analysis. This scholarly approach is nascent in the field of visual art
studies and animation. Hence, the findings of this study hold significant value for
designers, creative practitioners and academicians.

43.1 Introduction

This paper examines the visual adaptation of traditional art into animation styles
through oral history. This study investigates how oral history can help gather rich
data and enhance the interpretative value of visual adaptations. Through in-depth
interviews, the paper explores the benefits (and limitations) of using oral history to
interpret and map the methods adopted by creative practitioners to select elements
from traditional art for animation. The interview examples are cross-cultural. In
the conventional sense, cross-cultural interviewing refers to the collection of inter-
view data across cultural and national borders [1]. The interviews for this study are
conducted with participants across two different countries, India and Malaysia. It is
a lengthy and planned process of data collection.
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“In tandem with oral history, which also seeks to uncover hidden, marginalized
aspects of the past, the interview appears to privilege first-hand narratives and experi-
ence”. Interviews provide the circumstance and opportunity for retrospective reflec-
tion [2] and a means to close the gap between the interpretations and facts. Within
the visual arts, oral history has been used extensively with several archive building
collections. However, here the study goes beyond only archive building. In this study,
oral history collection serves as a significant component as literature for animation
styles informed by traditional art. Visuals evoke varied emotions, and the experi-
ence of it is different for each individual. Hence, it was essential for this project to
know and distinguish between the individual perspectives of lived experiences while
engaging with visuals and visual mediums.

43.2 Oral History: A Research Tool in Visual Adaptation
Studies

43.2.1 Background

Useof personal testimony in the investigation of society is not new, but themechanical
recording of the in-depth interview is not so old [2].Oral history as a formal termcame
into use in the nineteenth century. But the widespread use of tape-recorded interview
happened in the twentieth century only after World War II, and the digital revolution
has made the process much more accessible [2–4]. Academics have defined oral
history since the 1940s as a research method that asks eyewitnesses to talk about
their lives, and their own experiences in usually very extensive life history interviews
or event-focused interviews [5]. Oral history is most frequently used to refer to
the recorded in-depth interview, which can be further defined as the recording of
personal testimony delivered in an oral formwhich is a combination of tapedmemoir,
type-written transcript and a researchmethod that involves in-depth interviewing [3].

James Bennett, an oral historian, has referred oral history with a string of terms
such as life history, self-report, personal narrative, life story, oral biography, memoir
and testament. [2, 3]. Here, the context of oral history pertains to interviewee’s
back story of building the visual language for the animation. The terms such as
in-depth interview, recorded memoir, taped memories and life review suggest that
there is an involvement of a second party who frames the topics and inspires the
narrator to begin the act of remembering, jogs memory, and records and presents the
narrator’s words [3]. Hence, the role of both the stakeholders, interviewee and the
interviewer, is significant as well as consequential in this evidence-building process.
Oral history in visual studies can be a multivalent, diverse, co-constructed practice
that challenges conventional autonomous production and identities [2]. The great
oral historian, Alessandro Portelli, has also written eloquently on the responsibility
of oral historians and their work in creating narratives of meaning constructed by its
two interlocutors, the interviewer and the interviewee [2].
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43.2.2 Narratives from the Visual Practitioners and Experts

Animation professionals and scholars are interviewed for this research. The inter-
views are based on their work experiences in taking inspiration from traditional
visual art to develop contemporary animation styles, and these serve as theoretical
and practical evidence of a visual transformation process of traditional visual forms.
The animation is the final product, but insight into the creative process can only
be given by its creator(s). The decisions of the animator are crucial as they shape
the visual language of an animation film. From this study, it is deduced that only
analysing an animation film cannot unpack the method of the transformation. The
analysis of the researcher, along with the testimony of the animator, completes the
bigger picture and information on what informs the visual language. This paper
argues that oral history can be a method to create the first account evidence of visual
transformation.

Use of audio and video recordings, interview transcripts and note-taking has
become essential tools for modern oral history collection, archiving and further
works. This study explores the significance of this data gathering and data building
method for visual transformation studies and discourses. Owing to the relevance of
this method in contributing to the scholarly visual studies, it comes with several chal-
lenges too. In this, there are challenges like legitimacy, accuracy, language barrier,
comfort and willingness of the participants to engage with researchers. This study
considers all the advantages and disadvantages of adopting this method in scholarly
practices as opposed to other prevalent methods of data collection.

Designers and scholars in the field of visual art media use the oral history method
of data collection. One example is the doctoral research by Timothy Jones. He used
the method of interview and collected oral history to study the Indian animation
community in the context of reflexivity and identity in Indian animation production
culture [6]. Dr. Nina Sabnani, an animation scholar, has widely used oral history
method in studying indigenous cultures and their art forms [7]. However, a context
review in this topic showed that the use of oral history as a researchmethod is popular
and advanced across humanities and social science subjects. The use of this method
for scholarly visual design study is sparse. In qualitative research subjects, researchers
go for the primary form of data collection, which involves conducting one to one or
focus group interviews—finding participants. But it has been less articulated from
the perspective of conducting an interview, collecting a personal testimony to study
visual adaptations and transformations. The scarcity of such information and written
texts is one of the primary reasons for the researcher to opt for the oral historymethod
for data collection.

This paper poses a question—what is a personal testimony adding, and how?
Visuals are the predominant language of both traditional art and animations. It uses
and at the same time evaluates the method of oral testimonies by creative practi-
tioners. The in-depth interview enables the researcher to give the subject leeway to
answer as he or she chooses, to attribute meanings to the experiences under discus-
sion and to interject topics. In this way, new hypotheses may be generated [2]. The
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following discourse is based on two cross-cultural interviews conducted in person
by the interviewer. Traditionally content gathering is the primary objective of oral
history [2]. Oral history collection from creative practitioners is based on validated
data, professional experience and scholarly work.

The following section discusses the in-depth interviews with a personal point of
views of interview participants.

43.3 Oral History: Anecdotes to Adaptations

The oral history method was conducted through in-person interviews across India
and Malaysia. The paper focuses on one interview example from each country to
examine the role of oral history. The research happened in three stages, namely
secondary study, data collection, and interpretation and analysis.

43.3.1 Secondary Study: Literature Review and Interview
Preparation

This stage is the most crucial step as it determines what data needs to be collected
and how. The need for oral history was visible in the literature review stage of the
research. There were limited data on the processes of adaptation of traditional art
into animation styles when the researcher (later interviewer) started the study in
India. Even in the digital library, scholarly works and theoretical explanations were
sparse on this subject. The study initially relied on analysing available animation
films, but later it was essential to validate the interpretations and observations made
from the film analysis. Many animation films were also not openly accessible for
research. Hence, oral history was found suitable as the next step to discover first-
hand accounts of the creative practitioners who have worked on this topic. It was
inferred from the film analysis that multiple factors determine the degree of reference
that an animator takes from an existing art form to develop an animation style.
Each animator’s approach could be individualistic and personal on many accounts.
Hence, it is important not to generalize and understand individual takes to form an
overall opinion on the processes. Therefore, oral history collection through one to
one interview is an excellent way to know the creative practitioner’s vision. Also,
the data collected from interviews can be further verified through existing literature
and other forms of measurable and verifiable means.

An especially helpful way to begin preparation is to read and listen to other oral
histories [4]. It is necessary to do a background survey, study existing literature about
the interviewee and their works as that is the only way to determine what questions
to ask [4]. Research also equips the interviewer and supplies information that the
interviewee might forget to mention while they backtrack through their pieces of
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work. Adjunct to the tape recorder to collect the stories, an oral history interviewer
is a co-author to create the accounts [8].

A structure was prepared to conduct the interviews. A set of questionnaire was
designed according to the need of the research project. The questionnaire was divided
into four parts, e.g. visuals, story, motion and identity. Total 26 common questions
were prepared in a structured manner but with the option to expand towards more
specific and individualized questions. As the interview is dealing with living persons,
there is an opportunity to find out what is important to them in their history and their
present lives [2]. A standard questionnaire was used for both interviews with small
contextual, geographical and case-specific tweaks.

The first example is from the interview with Indian animation scholar and film-
maker, Dr. Nina Sabnani. Dr. Sabnani has more than two decades of experience
on traditional art informed animations and has received national and international
recognition for her contributions in this field. So she was one of the most suitable
candidates for the interview. Her animation films, such as Hum Chitra Banate Hai
(We make drawings, 2016), Tanko Bole Chhe (Stitches speak, 2009), BaatWohi Hai
(It’s the same story, 2011), Bemata (2012) and Shubh-Vivah (1984), are all inspired
from indigenous Indian folk art forms.

As rightly said, the oral historian has to play detective [9]. As word-of-mouth
referrals unearth many potential interviewees. So was the finding of the second inter-
viewee, the Malaysian animator and educator, Siti Hajar Aznam. For her master’s
project, she made an animation film called Ulek Mayang: Spirits of the Sea which
went on to win many international awards and screened at multiple prestigious film
festivals around theworld. She took inspiration from twoprominent traditionalMalay
art, Wayang Kulit (Shadow Puppet) and Batik. She is amongst the few animators of
Malaysia who has been working in this subject area. Hence, knowing her story was
essential. After figuring out the suitable interview partners, the researcher (inter-
viewer) placed contact with them through emails stating the purpose and nature of
the interview.

43.3.2 Data Collection: Interview and Personal Testimonies

The interview for both participants happened in person in their home countries.
Dr. Sabnani was interviewed at her residence in Mumbai, India, and Mrs. Hajar
was interviewed in a museum library in Kuala Lumpur, Malaysia (Refer Figs. 43.1
and 43.2). The location of the interview is vital as the participant needs to feel
comfortable in their surroundings, and the interview should also be uninterrupted
from any external influences. The interviews were planned in a semi-formal manner
for a two- to three-hour session. The sessions were audio recorded and not video
recorded as a camera might make the interviewee conscious, and also it becomes an
additional physical object to handle for the interviewer. The interviewer initiated the
conversation by warming up to the objective of the interview and slowly introduced
the planned questions. The order of asking questions was not chronological at all
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Fig. 43.1 Interview with
academician and animator
Hajar Aznam

Fig. 43.2 Interview with
academician and animator
Hajar Aznam

points as it allowed room for new stories and discoveries. Some open-ended questions
were asked to enable interviewees to come forward with their accounts, reflect on
matters and include all the material that they think is relevant. In framing open-ended
question, oral historian, Charles Morrissey, postulates that the two-sentence format
always works best. The first sentence should state the problem; the second poses the
question [4]. One such question’s example fromMrs. Hajar’s interview: “Unlike the
original Wayang kulit your animated characters don’t have perforations in their body
design. Was that a conscious decision?".

Empathy helps greatly in conducting interviews but with scholarly scepticism to
avoid personal biases or admiration for the interviewee [4]. The interviewer also
made handwritten notes to maintain the flow of the conversation and not to miss
out on essential questions. Another aspect that the interviewer kept in mind was
not falling into the researcher’s bias. It is very likely to happen as the interviewer
comes prepared with a perception about the interviewee and their work from prior
research from secondary sources. Thick data were collected from both interviews
and further analysed. The scholar and the subject collaborate: “They come together
and provide a good advantage for understanding the meaning of the experience”. The
above notion that Frisch calls a “shared authority”: the grounds of authority are very
different and have a different meaning, but there is a kind of sharing in the process of
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the interpretive authority, which is one of the exciting things about conducting oral
history [4, 10].”

43.3.3 Interpretation and Analysis: Extracting Information
from the First-Hand Narratives

After the interview, the audio recordings were transcribed into text format. The next
stages involved another method, thematic analysis for data analysis and interpreta-
tion. The oral history method gave insights into the working styles of the creative
practitioner as well as into the decisions that informed the adaptation of the tradi-
tional visual imagery into animation. Observations from the two interviews are as
follows:

Dr. Nina Sabnani: Dr. Sabnani was interviewed to gain anecdotes of her experiences
and choices that resulted in a distinct style of scholarly work as well as animation
films. The distinctiveness in Dr. Sabnani’s work is her method of data collection
through ethnographic methods and using animation film making as a research tool.
She uses a collaborative approach where the story emerges from the conversations
with artist communities. Her process starts with choosing an artist community, and
to narrate the community’s story, she uses that community’s art form as the visual
language of the film. Collaborative film making and capturing the stories of artist
communities through their visual style are her approach. She conceptualizes that
the artist prepares the drawings in the traditional method, and later it is taken for
processing. Her ethnographic animation Tanko Bole Chhe (The stitches speak, 2009)
(Refer Fig. 43.3) is an animated documentary. The film celebrates the art of kutch
artisans through conversations and memories of their evolution of a craft tradition
[11]. The visual analysis of the film Tanko Bole Chhe gave an understanding of the
style of representation, scale, alignment and almost linear movement of individual
elements in the film. All the characters are shown inside profile and houses in top
view cross sections (Refer Fig. 43.4). The rudimentary ways of cloth stitching have

Fig. 43.3 Scenes from the
animation film Tanko Bole
Chhe. A complete scene
(left)
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Fig. 43.4 Profiles of
characters from Tanko Bole
Chhe (Right)

been preserved. However, the meaning of elements, icons and decisions of visual
compositions came to the fore through the personal interview.

Dr. Sabnani gave examples of the visual decisions to convert static to dynamic
images in her film Tanko Bole Chhe. She mentioned that the fascinating part in the
overall frames is the way the images are composed with the knowledge of spaces
between objects. She started with static characters composed and stitched on to a
cloth. She scanned and digitized those elements from the cloth. Sowhen she animated
the component on the stitched cloth, things moved, and they created blank spaces;

Fig. 43.5 Still from Ulek
Mayang

Fig. 43.6 Pohon
Beringin/shadow puppet
prop
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they had to be filled. The aesthetic has to be precisely the way they plan it. So she not
only looks at the forms but also at the spaces between the forms and neighbouring
elements, and those dynamics have to remain. Another example she gave of the
prominent borders used across the animation. Those borders mean actual boundaries
surrounding houses and communities. Those same boundaries have been used as
grids and movement paths of the characters. The researcher had a similar experience
of facts unravelling through interviews conducted with theMalaysian animator Hajar
Aznam’s film Ulek Mayang.

Hajar Aznam: Along with methods used for Dr. Sabnani’s interview, additional
pre-interview preparations were made as this was a cross-cultural interview. The
interviewer was new to the Malay culture and people. Hence, the interviewer did a
secondary study to understand the nuances ofMalaysian culture and art. Background
study of the interviewee,Mrs. Aznam, and her filmswere carried out in detail. Before
the interview, the interviewer connected with third parties like other Malaysian and
non-Malaysian animation scholars who have known her professionally and could
talk about her work. Mrs. Aznam has also used fabric (Batik) patterns in her film
Ulek Mayang (Refer Fig. 43.4) like Dr. Sabnani. However, the designs are not as
basic and direct as the film Tanko Bole Chhe. The creator has decided to use nicely
cut Batik cloth patterns as the skin on the shadow puppet characters. For example,
the sequence of the narrative and visual placement in the animation is inspired by the
actual Wayang Kulit performance. Unlike the originalWayang Kulit silhouette style,
Mrs. Aznam has experimented with colour light, while keeping the core principles
of shadow Wayang Kulit intact. When asked is she has used a silhouette style for
opening and closing sequences, her answers helped in interpreting the unknowns. She
mentioned that it’s just to show that the Wayang Kulit element, the silhouette from
the beginning and then she ends with the silhouette as well. In Wayang Kulit perfor-
mance, they have a ritual, Bukapango; it is how you open the stage. They usually have
a ritual for opening the scene and so on, and they will start with the Pohon Beringin1

(Refer Fig. 43.4) in the centre which is why she has a similar shadow puppet prop at
the first opening scene. Even though the character is a Javanese character, she wanted
to associate with Malaysian Wayang Kulit as well”. (Figs. 43.5 and 43.6).

43.4 Findings from the Cross-Cultural First-Hand
Narratives

The oral history method enhanced the interpretative value of the adapted visuals. It
also validated the findings from the literature review and film analysis. This study
opened doors to a broader study of comparing works across nations. For instance,
Hajar Aznam’s filmUlekMayang andNina Sabnani’s film Tanko Bole Chhe: Stitches

1“Pohon Beringin” (Banyan tree) is a traditional leaf shaped prop used for the beginning, changing
and ending of scenes in the Malay Wayang Kulit performance.
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speak, both animation films have adopted a similar style of animation. They have
taken traditional cloth patterns and used them as visual patterns in their respec-
tive animation films. They both have used the original designs and colours of the
traditional fabric. But both their approach to executing the visual language is very
different. For Dr. Sabnani, it starts on a rudimentary level. She collaborates with
artisans to come up with their characters in hand-stitched cloth applique. She then
digitally manipulates the cloth character to come into action. However, Hajar has
worked on her animation independently though they also relied on a field visit to
understand the process of Malaysian shadow puppetry for her film Ulek Mayang.
Mrs. Hajar draws the characters digitally and superimposes the batik cloth patterns
on the surface on the character. Both the filmmakers stay true to the traditional art
form and try to bring in the forms and functions of the traditional visuals into their
animations.

The decision to adopt an oral history interview method seemed right as personal
and circumstantial choices can influence the visual decisions for animation. Even
though the interviewer asked for personal anecdotes and testimonies, the interview
process was pre-planned and semi-structured. The interview method is used not just
for data gathering but also a validation of secondary data from literature review
and analysis of animation films. It was done to find answers for particular ques-
tions of visual adaptations of traditional art for animation. It is indicating that to
understand transformation and reason of the visual decisions, it is essential to adopt
the method of interview and gain a picture of the creative choices and symbolic
meanings. The interesting fact about this study is that oral history also covers the
interviews conducted by interviewees for designing their visuals. It became a means
of not just accessing information but also a way to find signification, interpretation
and meaning [12]. Oral history interview method enhances the interpretative value
of visual adaptations designed for traditional art informed animation styles.

Oral history helped in finding other potentials interviewees as there was no such
database to find the specific people working in this type of work. This is how the oral
narratives helped in the construction of the traditional art transformation process. The
cross-cultural narrative came together to showpatterns and parallels—the similarities
and differences in the oral history collection process in two countries. The oral
history collection process in the two countries was mostly followed by a standard
structure. The cross-cultural angle gave the research a comprehensive perspective.
The interview participants were from different cultures and communities, which
gave the study diversity and fewer chances of overlap and repetition. It also brought
out similarities in practices across cultures and research models. It was observed
that creative professionals give importance to primary studies collecting first-hand
data from the field. They rely on the narratives and methods of the traditional art
practitioners and emulate them in animation. The role of the interviewer proves to
be essential too as they steer the thoughts in a direction that brings out meaning
in this whole process. The content of the narrative is also not just built based on
the interviews but also from other participant’s views on their contemporaries and
colleagues’ work. The contribution of personal testimony is adding to the research
my creating literature. “A good oral history can present and preserve convincing
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evidence and put it in quotable, first-person prose that enlivens historical narratives.
But oral history should not stand alone as a single source. Researchers need to seek
out available material to substantiate both written and oral evidence. If written and
oral information contradicts each other, then the researcher must dig even deeper to
determine which is more accurate”. [4].

43.5 Conclusion

From the above discourse, it is deduced that the oral history method is quite apt
to build literature as well as validate existing secondary information on adaptation
studies. It is also found that each interview and its subject are independent individuals
and so are their backgrounds and circumstances. Hence, there cannot be a standard
method of conducting an interview or posing questions. However, a semi-structured
approach and pre-planned context review go a long way in having a successful
interview. Especially, cross-cultural interviews require thorough understanding and
sensitivity to the nuances of a new culture and its specifics with context to the art
form and people being studied. The subjectivity incurred in the interviews is validated
through relevant contextual analysis and visual analysis of selected animation films.

The possibility of discovering something not even thought of before is an advan-
tage of this method. However, in-depth interviews are time-consuming, and so the
qualitative researcher cannot examine the number of cases that other methods (quan-
titative research) can. Generalizations about a wider population have to be held tenta-
tively. The visual design decisions are influenced by their life experiences, events
which make it valid as oral history. They are being interviewed as subject experts,
but they also have life memoirs included in it. Many personal experiences lead to
professional choices is seen in these oral histories collected from animators. It needs
to be sieved and scanned through secondary and primary validation measures and
tools. Oral narratives are subjective and may be influenced by external variables.
But once verified using supporting data, they become reliable facts and literature for
studies of adaptation of traditional visual styles for animation.
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Abstract The Bologna declaration states that, “successful learning and studying
in higher education should involve students in deep learning”. However, a survey
of faculty across institutes in Nepal and Bhutan highlights that the undergraduate
students in engineering andmanagement lack skills needed to be industry-ready.They
face difficulty in getting employed after graduation and if placed, then struggle during
their employment due to insufficient practical experience, lack of good communi-
cation skills and unawareness of broader socio-economic contexts. The Erasmus +
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funded project, “Strengthening Problem-based learning in South Asian Universi-
ties” (PBL South Asia) is an endeavour to address these pressing concerns in educa-
tion quality, employability and overall sustainable development of the region and
to imbibe deep learning capabilities. Therefore, as an empirical study to clarify and
in turn, inculcate PBL in South Asian undergraduate education, the young faculty
of the inexperienced institutes from Nepal and Bhutan, alongside the students from
the experienced institutes from India and Europe, were mentored by faculty and
researchers from the latter to undertake multidisciplinary case studies. The strategy
of “design thinking” was employed to methodologically guide the cases and keep
it consistently problem-based, i.e. the learning is driven by the problem with no
one correct solution. Results showed that the participants reflected improvement in
problem-solving skills and increased motivation, apart from enhanced collaboration
and improved communication ability. Based on these findings, further development
of curricula to imbibe PBL in its existing courses and guidelines to train the trainers
for implementation of the same, are currently in progress.

44.1 Introduction

TheWorld Economic Forum 2016 [1] recognises critical thinking, complex problem
solving, self-learning, collaboration and people management, and communication
as top skills for 2020. Problem-based learning (PBL) methods support these specific
skills [2] by positioning the onus of learning on the student through “investigation
and resolution of messy, real-world problems” [3].

Globally and in South Asia, Engineering is the preferred undergraduate
programme of study, followed by Management. Ideally, these programmes should
enable the graduates to “design effective solutions tomeet social needs” [4].However,
the Bologna process identifies “employability of graduates” and “shortage of skills in
key areas” asmajor challenges in higher education and outlines objectives to promote
employability [5]. Its declaration states that “successful learning and studying in
higher education should involve students in deep learning” [5]. Unfortunately, litera-
ture reports that students are not industry-ready as they lack communication skills and
teamwork experience, as well as awareness about social, environmental, economic
and legal issues, and programmes, being content-driven instead of need-driven, do
not provide sufficient design experiences to these students [6].

A survey of five South Asian Universities, from Nepal and Bhutan, corroborated
the same and revealed that the undergraduate curricula across the region are predomi-
nantly instructional and are not adequately hands-on, due to several constraints, such
as:

• University directed lesson plans with heavy syllabi to cover and restricted time
for practical activities,

• Dearth of motivation in students to self-learn and innovate during the stipulated
practical hours within a course,
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• Poor critical thinking ability due to a general lack of awareness on sustainable
development goals and their local implications in the students,

• Less number of co-instructors to guide in practical, real-world issues that can be
addressed in courses,

• Fewer collaborations in these programmes/courses, and
• Poor communication skills.

Therefore, to make students industry-ready and motivate them towards develop-
ment of the five essential top skills for the future [1], inculcating PBL approach into
existing undergraduate courses is proposed. However, the lack of experience in prac-
tising PBL gave rise to the need of clarifying; (i) what is PBL?, and (ii) how it can
be contextually adapted for South Asia, prior to being incorporated as a pedagogical
method in undergraduate studies at South Asian Universities.

The aimof this paper is to present the unique strategy of employing design thinking
to (i) clarify and, in turn, (ii) inculcate problem-based Learning through experiential
case studies where young faculty and students collaboratively address complex and
real-world problems.

44.2 Literature

44.2.1 Problem-Based Learning: A Means to Develop Top
Skills

PBL is a learner-centred approach [7] where students learn through “facilitated
problem solving that centres on a complex problem that does not have a single
correct answer” [8].

While earlier studies stated that students who experienced PBL showed; (i)
improvement in problem-solving skills [9, 10] and (ii) increased engagement and
motivation to learn, as they preferred PBL to the traditional methods of teaching
[3, 11]. Recent empirical findings for engineering discipline reveals that conceptual
understanding is higher through PBL than traditional lectures [12] and peer discus-
sion enhances it [13]. This, in turn, nurtures critical thinking skills as sharing of
opinions, analysing situations through different perspectives and thinking of more
possibilities to solve a problem [14] are results of PBL approach. It is also reported
that students perform better in both interpersonal skills as well as practical domain
skills [15].

A creative thinking approach has been used for implementing PBL in the class-
room and resulted in enhancement of both creative skills and technical abilities
[16]. This approach focusses only on “problem solving”, whereas PBL takes an
overarching view beginning with the problem, and design thinking enables problem
finding [17]. Several similarities between the two, such as large number of stages,
requirement of motivation, organisation skills and capability for group work and
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collaboration [18] exists, while the latter is known for its “potential to scaffold the
development of skills” [19].

44.2.2 Design Thinking

Design thinking is a cognitive process [20] of identifying ill-defined or “wicked”
problems [17] and developing solutions through iterative steps or activities, supported
by several methods and tools.

There are several design thinking models, of which the most popular are: Stan-
ford’s school design thinking process [21] and IDEO human-centred design model
[22] for generic design, and Pahl and Bietz [23], Hubka and Eder [24], Cross [25],
Dieter and Schmidt [26], Eppinger and Ulrich [27] for systematic design process
stemming from engineering. These models are either descriptive or prescriptive and
use varied terminologies to guide the design process.

However, the common approach of all these models may be summarised into four
steps as follows [28]:

1. Identify Requirements from abstract needs and observations upon analysis of
ill-defined problems (terms: Understand, Observe, Define, Empathise);

2. Ideate solutions, which involves generating several ideas and combining these
into solution alternatives (terms: Ideate, Visualise, Synthesise, Co-create);

3. Consolidate solutions into feasible solutions through development and analysis
(terms: Build, Prototype, Simulate, Model); and

4. Select concept, i.e. the most promising solution upon evaluation of alternatives
through testing (terms: Test, Validate).

44.2.3 Inculcating PBL Through Design Thinking Methods

Upon assessment of the needs of the partner South Asian Universities, the following
shortcomings and drawbacks were identified.

(a) Lack of clarity in the understanding of PBL approach.
(b) Lack of knowledge of PBL processes and methods.
(c) Lack of experience in practise of PBL courses.
(d) Lack of trained faculty to facilitate PBL courses (and its problems).

Thus, two needs were broadly identified from the above, that:

i. There is a need to clarify “what is PBL?” and provide understanding, know-how
of processes and methods and hands-on experience of the same; and

ii. There is a need to contextually appropriate the PBL experience with respect to
both, the domain of study and the socio-cultural that determine the priorities and
problems of a community or region, so that the untrained faculty can adopt it in
the future and facilitate the proposed PBL courses in their home universities.
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44.3 Descriptive Study

To address these lacking aspects and familiarise the faculty participants from the part-
nering South Asian Universities with PBL, a two-week programme at IIT Bombay
(IITB), Mumbai, was conceptualised with the aim to “provide a tangible introduc-
tion to PBL casework, engaging in cases with external partners/stakeholders and
moving through a full PBL inquiry and design process in a simplified, condensed
form”. It was envisioned as a platform for teacher training, reflection and debate on
the hands-on implementation of PBL cases through field studies.

44.3.1 Workshop Participants and Programme

The workshop had about 70 registered participants, divided into 7 teams with 7–8
members each. Every team was assigned a mentor and had access to other resources.
The participants were as follows;

– Faculty from five Universities across Nepal and Bhutan;
– Advanced students from three European and two Indian Institutes of Eminence;
– PBL project mentors from European and Indian universities;
– Case owners and subject experts; and
– PBL South Asia project managers and coordinators.

The two-weeks comprised of:

• Lectures on PBL—literature survey on definitions, terms and roles in PBL; history
of PBL; PBL process and present application in technical domain with focus on
Design for Sustainability and well-being.

• Interactive sessions on a few variants of design thinking, prototyping, etc.
• A dedicated session on design thinking, with problem identification, ideation and

decision-making (consolidation and selection) methods, as a framework to guide
the casework and enable the application of the same during the assignments; and

• Case studies that involved fieldwork for data collection and validation from
local communities and stakeholders, as well as development of their “problem
statement”, analysis, conceptualisation and final presentation.

44.3.2 Workshop Cases: Problem Briefs and Teams

The cases were as follows:

a. Liveability in Slums (2 teams)

The teams were required to take up challenges surrounding the theme of “50% of
the urban population of Mumbai residing in slums, chawls and squatter settlements”
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and work on possible interventions to improve the conditions surrounding the living
in the slums in Mumbai. The study would aim to observe and analyse the liveability
of people residing in these units. The study would involve analysis of the neigh-
bourhoods, interaction spaces, built-up area and so on. The teams were expected to
define the parameter for living conditions and how their intervention will improve
that particular parameter.

b. Affordable Housing (2 teams)

The theme of this case was to understand the affordability of housing in Indian
conditions. The teams would define opportunities related to how to design housing
that can create a trade-off between efficiency and resilience, being affordable as
well as adequate for people to live in. Teams visited the organisation’s sites to
understand the execution of projects in Indian conditions. To arrive at possible
interventions, the participants focused on site-specific conditions to use energy and
thermal comfort simulations, vehicular and pedestrian traffic studies, materials and
construction techniques, amongst other aspects.

c. Construction Demolition Waste (CDW) (1 team)

The challenge in this theme was for the team to identify the creative uses for the use
of construction demolition waste (CDW) in the country. The teams visited sites of
construction demolition as well as some recycling plants and laboratories to acquaint
themselves with the dynamics of CDW, and worked on how to creatively utilise the
CDW in the society. The students were given access to the materials laboratory of
IIT Bombay to cast and test some materials/prototypes made out of CDW.

d. Accessible Healthcare (1 team)

Parents of hearing-impaired children need to consistently deliver goal-oriented
speech therapy at home; otherwise, the child’s progress in learning to understand
language and speak will be hampered. The team was expected to address the acces-
sibility of such a healthcare need and propose how to motivate parents and children
to conduct therapy at home.

e. Net-zero energy development—rehabilitating sustainably: Redevelopment of
Artist Village in Belapur (1 team)

Based on the details, the team needed to develop a prototype model for incremental
housing in the area, focusing on energy efficiency and sustainability without compro-
mising on living standards and affordability. The prime focus was more on the possi-
bility of renovation and densification of the existing neighbourhood rather than plan-
ning the area from ground zero. This case was explored to test the possibilities to
develop brownfield projects sustainably in contrast to greenfield projects that cause
environmental problems.

f. Net-zero energy development—rehabilitating sustainably: Modular Housing
scheme for Bhiwandi locality (1 team)
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Bhiwandi, an area located in the Eastern suburbs of Mumbai, is predominantly a
textile hub which has the largest number of power looms in the country. A significant
chunk of the population is employed in this sector, but the residential area is lesser
developed to the Industrial Area. In order to end this disparity, a number of housing
schemes have been coming up in the area recently. The aim was to create a prototype
formodular housingwhichwould fall under the affordable category. The focuswould
be on multi-utility areas including modularisation, affordability, energy usage, etc.,
based on the user group.

44.4 Case Study: An Example

As an exemplar, the PBL process of the above case study (f) on “Modular Housing
for Bhiwandi locality”, using design thinking as a framework, is presented.

44.4.1 Problem Identification

• “Problem” extracted from given brief: How to provide affordable and modular
housing in Bhiwandi?

• The team observed and demarked the system boundary as “Bhiwandi locality”
and enlisted a number of probable problems and concerns to be considered for
both, the locality and modular housing in general, enlisted in Table 44.1 (Col. I).

• Based on the above, a preliminary list of requirements was generated, as shown
in Table 44.1 (Col. II).

• Field visit was conducted to clarify the requirements, as well as, secondary
research on climate and temperature data, wind flow pattern and population.

• Stakeholder interviewswere conductedwith questions categorised under the three
pillars of sustainability, namely

• Social aspects (What works—what do they like? What doesn’t—what should be
improved? Does it feel safe? Comfortable? What would they want if they moved
to a new home?),

• Environmental aspects (What kind of annual environmental changes take place?
How do they adapt to them? How does water management work? What about
waste management?)

• Economic aspects (Is it affordable? Would they prefer to buy or rent?)

Insights were drawn from the responses of the interviews, and the problem state-
ment was redefined to “How to provide affordable, safe and spacious housing for
Bhiwandi’s low-income labour/workers through modular solutions?”

Prioritisation of requirements using checklist [22] are shown in Table 44.2.
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Table 44.1 List of probable problems and preliminary requirements

I. Probable problems II. Preliminary list of requirements

• For locality;
– Accommodating low-income group
– Risk of flooding in monsoon
– Adaptation capacity
– Risk of high temperature and
humidity

– Scarcity of pure drinking water
– Improper waste management system
– Ground/land strata
– Availability of space for construction
– Risk of earthquakes

• For modular housing;
– Environmental sustainability
– Socio-cultural adaptation
– Economic feasibility

1. Need low-cost rental/own housing
2. Modular system should withstand flooding
3. Modular system should withstand high

temperature and humidity
4. Need provision for pure drinking water
5. It should inhibit waste management system
6. It should facilitate construction in different

ground strata
7. It should withstand mild to severe

earthquakes
8. Modules should be scalable
9. Modules should be lightweight to facilitate

transportation
10. Should facilitate expansion in the future
11. Materials and construction process should

be sustainable
12. Modular system should encourage

socio-cultural interaction
13. Should provide flexibility for personalisation

Table 44.2 Prioritised list of requirements

Requirements Demand (D)/wish (W) Priority

Need low-cost rental/own housing D 1

Modules should be scalable and flexible D 2

Should facilitate expansion in the future W 3

Materials and construction process should be sustainable W 4

Need provision for pure drinking water D 5

It should inhibit waste management system D 6

44.4.2 Ideation

Several ideas were explored for the prioritised requirements (Fig. 44.1).

44.4.3 Solution Consolidation

Of the ideas and piecemeal solutions generated, some were merged to develop
alternatives.
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Fig. 44.1 Ideation: solution exploration A

44.4.4 Concept Selection

The concept:“Shared spaces and facilities for different scales (Fig. 44.2), was
selected as the most promising solution, based on its modular flexibility for different
configuration possibilities and breathable walls that take advantage of prevailing
windflows. The concept also entailed a smart energy andwastemanagement systems,
with facilities for recycling, earning opportunities from energy production through
small-scale biogas production and solar PV system integrated to the grid, and energy

Fig. 44.2 Selected concept 1
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saving through smart switch-off systems, Solar water heating and efficient lights and
maximising daylight usage. The team also proposed a “policy” solution for renting.

44.5 Results and Findings

A survey was conducted across the participants to assess the overall experience of
the workshop as well as seek feedback on methods applied.

It sought a detailed response on the various methods—team-building methods,
fieldwork methods, problem definition and analysis methods, etc.—applied during
casework. Experience of mentoring and collaboration in multi-cultural teams was
also reflected upon. Participants were asked to self-evaluate their progress in the
following areas and skills: development of understanding of sustainability for PBL
and apply design thinking, aimed at improving “critical thinking, self -learning and
complex problem-solving”; skills of team working, leadership, project management
and increased motivations and interest, aimed at building “collaboration and people
management”; and improvement in English as well as technical language under
“Communication skills”.

The results and findings were as follows:

– Most participants found the lecture sessions to be “fulfilling their expectations”,
as in Fig. 44.3a, whereas the relevance and value of the methods sessions were
not adequately understood and drew contrasting responses.

– A majority, i.e. 56.4% of the participants responded positively about their expe-
rience of PBL through the PBL test cases, as shown in Fig. 44.3b. However, 41%
stated that the experience only “partially fulfilled their expectations.

– Predominantly, positive feedback was received ranging from “some progress” to
“significant progress”, as shown in Fig. 44.3c, upon being asked to self-evaluate
on specific areas and skills through the workshop experience.

44.6 Summary, Conclusions and Discussion

To foster deep learning, and in turn, develop the top skills essential for being
industry-ready, a problem-based learning (PBL) approach is proposed as a peda-
gogical methodology to be introduced in South Asian undergraduate programmes.
However, the dearth of know-how and experience of PBL in the partner universi-
ties prompted the novel proposal of using design thinking to inculcate PBL into the
educators with the hope that they will disseminate the same at their home institutes.
In design, unlike in PBL, the problem is not given but identified and so has potential
of reflecting the contextual nuances of the domain of study and socio-cultural fabric
of South Asia. Thus, a two-week programme was hosted at IITB to clarify what
is PBL and contextually appropriate it for South Asia, through lectures, hands-on
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Fig. 44.3 a–c Survey results

sessions, and case studies addressing challenges unique to the region, so that the
participants without prior knowledge or training receive a first-hand experience of
PBL.

It was noted that the participants successfully completed the PBL case by
following the design thinking methods were overall satisfied with the case expe-
rience and reported that they had made some to significant progress with respect to
skills.

In conclusion, the two-week programme showed promise in inculcating PBL
through design thinking in undergraduate level and became a pilot for the further
development of PBL courses. Currently, the re-designed course with PBL approach
is being implemented across the five partner institutes in Nepal and Bhutan, and a
MOOC is being collaboratively produced by all partners.
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Chapter 45
Capturing Knowledge Transfer Using
Zachman Framework in Bio-inspired
Design Process

Sunil Sharma and Prabir Sarkar

Abstract Natural entities are sources of inspiration for designers as they exhibit
nature’s unique and novel strategies and help them design products. For under-
standing and abstracting principles from nature, the knowledge of a biological entity
is a must. Knowledge capture and representation in bio-inspired design is a complex
process. Firstly, the biological entities are documented in different places such as
books, articles, blogs, etc. A designer might need to spend considerable time while
shuffling through these documents without coming to any conclusion. Secondly,
biological knowledge is intricate and from a different domain. This complexity at
the entity level and retrieving captured knowledge can lead to confusion and frus-
tration. Thirdly, the roles of various stakeholders are not clearly defined. Hence,
the knowledge collection, compilation, usage, and representation process are vague.
We provide an organizational approach to represent bio-inspired design knowledge
collection, compilation, and usage and representation process using the Zachman
framework. Zachman framework provides the descriptive representation of enterprise
architecture, uses six primitives, and can handle complex systems. In this research,we
understand and apply the Zachman framework to capture and represent bio-inspired
design knowledge with an organizational viewpoint. This research aims to organize
and represent captured knowledge transfer, building, and representing processes and
making it readily available for designers who can use it to make design decisions.

Bio-inspired design takes inspiration from natural entities to solve human design
problems. Many revolutionary products and applications such as Lotuson, Velcro,
Sharkskin inspired swimsuit, etc. have been developed in the past. However, real-
izable and repeatable novel designs and applications need multiple tools, methods,
people, resources, databases, and process knowledge. The facilitation, collection,

S. Sharma (B) · P. Sarkar
IIT Ropar, Rupnagar, Punjab, India
e-mail: 85sunilsharma@gmail.com

P. Sarkar
e-mail: prabir@iitrpr.ac.in

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2021
A. Chakrabarti et al. (eds.), Design for Tomorrow–Volume 2, Smart Innovation, Systems
and Technologies 222, https://doi.org/10.1007/978-981-16-0119-4_45

563

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-0119-4_45&domain=pdf
mailto:85sunilsharma@gmail.com
mailto:prabir@iitrpr.ac.in
https://doi.org/10.1007/978-981-16-0119-4_45


564 S. Sharma and P. Sarkar

and processing of knowledge also become a critical part of bio-inspired design orga-
nizations. Since organizations act as social systems, they have to deal with problem-
solving, coordination, and uncertainty in assigned tasks. With a countable number of
bio-inspired design organizations, research on organizational processes can discover
significant organizational structures. In this research, we intend to find (1) an appro-
priate work configurations and links between systems and actors (2) and recognize
stakeholders and their specialized tasks in bio-inspired design organization.

The answer to these questions can help streamline the process and optimize the
bio-inspired design organization’s structural set. Defining the organization form
possesses numerous difficulties. One issue in organizational design is knowledge
management. Organizational learning is improved if the knowledge management
processes are effective and efficient. Knowledge management is a business process
that identifies knowledge from previous experiences and selectively applies it
to current decision-making processes [1]. Modern-day technology enterprises are
highly dependent on knowledge management. The emergence of bio-inspired design
products has led to the development of bio-inspired design organizations, where
the knowledge management process can be implemented [2]. The success of design
projects is facilitated by design communication in a structured organization. Design
communication and performance are affected by the team organization [3]. Knowl-
edge management is also strengthened by defining knowledge flows in an organiza-
tion. Firms have no formal, explicit representation of knowledge, and their knowledge
is processed in the unstructured form [4]. However, many models exist that are used
to describe the organizational structure and knowledge management in an enterprise.
Co-ordination theory [5], enterprise modeling using IDEF (Integration Definition)
modelingmethod [6], knowledgemapping to identify knowledge flows in the organi-
zation [7], ontology-based framework such as Core Organizational Knowledge Enti-
ties (COKE) for specifying organizational knowledge using representation language
[8], modeling languages such as Web Ontology Language (OWL), ArchiMate [9],
and enterprise modeling technique like Generalised Enterprise Reference Architec-
ture and Methodology (GERAM )[10] has been used in the past. Many of them
are effective, detailed and efficient but there are some limitations. They may not
be suitable for current bio-inspired organizational knowledge structuring. GERAM
requires details of several building blocks for its development. It may not be appro-
priate to represent the bio-inspired design organization, where little is known about
the knowledge architecture, management, organization structure, and stakeholders.
COKE, OWL, and ArchiMate require an understanding of modeling language first.
The modeling is often too elaborative, complicated and requires knowledge of the
organization’s functioning. We assume that bio-inspired design organizations’ struc-
ture for knowledge management can be represented using the Zachman framework.
Zachman framework is developed to be independent of any methodology or process
within an organization but can be implemented using a rational selection of variables
[11]. Similarly, the knowledge transition in bio-inspired design is a complicated task
involving multiple stakeholders [12]. Therefore, a biological knowledge process
comparable to information system architecture has been developed using ZF.
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45.1 Introduction

Zachman framework was developed by John Zachman in 1987 [13, 14]. Zachman
framework (referred to as ZF in this paper) is used to model an organization, infor-
mation, and knowledge architecture. The representation of ZF is shown in Fig. 45.1.
Primarily, it is developed by involving multiple stakeholders and their perspectives
[15]. Thirty-six categories are provided in ZF to specify complex objects such as
manufactured products, structures, and enterprises. A complicated enterprise can
also be represented by ZF like a periodic table exhibiting elements in an orderly
fashion of increasing atomic numbers. As complicated entities, such as information,
enterprise, and architecture, are visible to the observer in one go, the ZF brings order
to a complex world. Some of the crucial definitions related to the ZF are as follows.
Abstraction: One dimension of classification of descriptive representation. Perspec-
tives: Second dimension of classification of descriptive representation. Artifacts:
Each cell is populated with artifacts, which describe entirely the cell—for example,
design documents, specifications, models, etc.

It is essential to understand how bio-inspired design occurs in an organization.
The customer usually walks with a design problem in hand. The organization refor-
mulates the problem in terms of specifications, functions, constraints, performance,
and processes. The natural world is explored, and the transition of selected solutions
is performed by various stakeholders using multiple tools and techniques. Finally,
solutions are generated.

45.1.1 Background

ZF has been extensively used commercially and by researchers to represent US-CIPP,
US government’s infrastructure protection program [16], as a diagnoses model [17],

Fig. 45.1 Zachman framework for an enterprise
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and decisionmaking in business [18]. Academically, it has been applied in computing
classrooms for improved student learning [19] and representation of digital libraries
[20]. It has also been used to analyze sustainability standards [21], for reverse engi-
neering and integrated with other frameworks as well [22–24] and has been used to
define knowledge management architecture in an enterprise [4].

Knowledge management in the design organization is in the nascent stage. The
knowledge asset is to be preserved by the design organizations. This design knowl-
edge can be in the form of design artifacts, design intuition, design rationale, and
design theories. The bio-inspired design can be categorized under design artifacts. It
is established that biological entities’ attributes are mimicked and transformed into
commercial applications [25]. However, the input knowledge and output idea in the
bio-inspired design process also utilize design rationale, design theories, and design
intuition. In the last twenty-five years, enormous literature on the biomimetic process
and its applications has been researched [26]. The actual process involves different
cross-disciplinary teams, where each actor performsmultiple roles. This involvement
has created a need for knowledge management in the bio-inspired design process and
has not been explored to date. Traditionally, many formal, informal methods, and
tool categories of design knowledge representation exist. One research has classified
the knowledge representation of the tools as pictorial, symbolic, linguistic, virtual,
and algorithmic [1]. The knowledge capture and representation can be pictorial,
symbolic, and linguistic for the bio-inspired design process. Computational tools
can support the bio-inspired design problem-solving process by integrating biolog-
ical knowledge and multimodal representation that can help rationalize ideas and
generate concepts [27].

The knowledge collection and compilation process in the bio-inspired design
process rarely have been focused on. An online database of biological strategies,
AskNature.org, has described its data collection process. In the data compilation
process, trained biologists compiled 1600 pages of biological information. They
have explored scientific journals and books to assess and include the strategy in
the online database. Enthusiastic individuals and paid staff appended the database.
Taxonomy has been used to categorize functions [28].

45.2 Methodology

The compiled knowledge transition for biological entities (single or more) by
different stakeholders has been considered equivalent to an organizational workflow
process. For developing this ZF for bio-inspired design organizations, we follow
these steps. Step I: Studying the Zachman framework for understanding enterprise
architecture and its representational elements. All dimensions of the ZF are explored
for complete understanding. The objective is to use the understanding of developing
the ZF. Step II: The stakeholders in the enterprise are identified, and their roles are
defined. A syllogism is drawn between the enterprise architecture and the knowledge
transition process. Step III: Perspectives and descriptions are identified and realized,
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and the ZF is developed. The knowledge transition stages in the bio-inspired design
process are decomposed for each function of the cell. The roles and related processes
are recognized for populating the ZF. Step IV: The developed ZF is revised.

Step I: Understanding Zachman framework [29]

Zachman framework descriptive representation of the organization is shown in
Fig. 45.1. Here, initially, perspectives and later abstractions are detailed. The cells
of ZF are populated based on rules, as described further.

(1) Planner perspective (Row 1): This establishes inner and outer limits and lists
relevant constituents for remaining perspectives. (2) Owner’s perspective (Row 2):
This provides a conceptual view of the end product, for what the owner will do with
the end product. (3) Designer’s perspective (Row3): Intermediary between what
is desirable and what is feasible. They reflect laws of nature, system, or logical
constraints for designing the product. (4) Builder’s perspective (Row 4): Reflect the
physical constraints of applying the technology in developing the product. (5) Sub-
contractor’s perspective (Row 5): Detailed descriptions that dissociate the parts or
pieces of complex products for manufacturing. (6) User’s perspective (Row 6): View
of the functioning system in its operational environment.

The columns represent the following interrogatives for the enterprise.
(1) What—This interrogative is a representation of data. (2) How—This interrog-

ative is a representation of the function. (3) Where—This interrogative is a represen-
tation of the network. (4) Who—This interrogative is a representation of people. (5)
When—This interrogative is a representation of time. (6) Why (motivation)—This
interrogative is a representation of motivation.

Step II: Identification of stakeholders.

The biological world has a plethora of information for observation. From this living
world, knowledge can be collected, compiled, and then applied. Knowledge dissemi-
nation is essential to make it available to the necessary stakeholders [30]. Naturalists
describe their critical observations on nature and pass them to other stakeholders
such as biologists and researchers. These stakeholders closely to observe, dissect,
and compare the literature. Biologists also act as stalwarts to abstract attribute-based
knowledge, experiment, modify, and design various bio-inspired applications based
on strategies such as the Lotus effect (inspired Lotuson) and Gecko’s feet (inspired
Gecko tape). Publishers further publish the information as generalized theories with
supporting images or adapted images provided by naturalists and biologists. This
information is available for public use for designers and engineers.

Researchersmay teamupwith designers and engineers to abstract analogy leading
to revolutionary applications and products. Similarly, designers and engineers also
explore causal mechanisms in nature published in the scientific research documents.
A 1D knowledge process flow for knowledge transition and analogy abstraction from
nature, delivered to designers and engineers, is given in Fig. 45.2. Designers also
explore the physical and digital databases, web, eBooks, textual documents, and
digital media to identify the natural entities. Then, they reformulate the question
by biologizing to seek the answers to trigger inspiration and solution generation.
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Fig. 45.2. 1D process to capture knowledge in bio-inspired design

The sources are often scattered; modes of representation are vague and biological
terms different from engineering. Engineering designers with queries also approach
peers for information. This is a usual practice as assessing information present in
documents is difficult [31]. These stakeholders performmany activities for generating
bio-inspired designs. As already described, this knowledge transition through the
stakeholders is shown in Fig. 45.2. However, the 1D process does not explain how
different stakeholder processes the information. Therefore, the Zachman framework,
a 2D-based ontology, is proposed to represent this knowledge process, which shows
a flow of information with logic for processing at each different level. However, a
complete description of all the artifacts represented for individual cells is outside this
research’s scope. As described earlier, the ZF’s standard stakeholders are planner,
owner, designer, builder, and sub-contractor. These are replaced by stakeholders for
bio-inspired design organizations, such as knowledge planner, knowledge compiler,
knowledge builder, tool selector, knowledge fitter, and designer. The description
entities in abstraction are kept the same. This proposed framework of bio-inspired
design knowledge organizational structure is represented in Fig. 45.3.

Figure 45.3 provides the various titles of the column’s descriptive representation
as numbered from 1 to 6. The rows from A to F detail descriptive representations.
Cell A1 is the intersection of Ath row and first column, which describes ‘List of
things important to the business.’ Cell F5 is the Fth row intersection with the fifth

Fig. 45.3 Classification structure for knowledge transition of bio-inspired design process artifacts
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column, which defines the ‘Actual business schedule.’ The row-column numbering
system does not belong to the ZF. It has been provided for ease to pinpoint the exact
cell locations using row and column combination.

Stakeholders: Usually, the bio-inspired design research details the role of designers,
biologists, and engineers [32]. The functions of knowledge compiler, knowledge
builder, and others supporting knowledge inclusion are rarely described. The roles
of different stakeholders are defined as follows. (1) Knowledge planner: The stake-
holder goes though design question and describes boundaries of knowledge and
details the planning. (2)Knowledge compiler:This stakeholder collects andmanages
knowledge about different biological strategies from multiple sources and reasons
them with logic. (3) Knowledge builder: The compiled knowledge is developed to
form meaningful information supported by external representations with logic. (4)
Tool selector: The modal representations for nature’s strategies are comprehended
and selected depending upon the designer requirement and explained to knowledge
transposer. (5) Knowledge transposer or fitter: This stakeholder transposes compiled
knowledge from knowledge builder in tool provided by tool selector. (6) Designer:
This stakeholder obtains knowledge in final representation and provides feedback,
inputs in knowledge to other stakeholders. Different professionals can play multiple
roles in an organization. Therefore, we do not personalize the roles in this research
work.

Step III: Decomposing organizational hierarchy for individual roles of each cell.

In this step, each stakeholder’s role is decomposed at each interrogative level to
populate the cells. Ideally, each cell is supported by relevant modes, diagrams, rules,
models, or processes. In this research, we only describe an indicative function and not
an exhaustive list.Here, each row represents data (what), function (how), organization
(who), network (where), schedule (when), and strategy (why). Table 45.1 describes
the proposed ZF for bio-inspired design organization.

Step IV: Revision of the proposed Zachman framework.

As already described, Fig. 45.3 gives the review and revised version of the final ZF.
These cells can be further described in great detail. The above list is only indicative
and not exhaustive. Diagrams, texts, and rules, etc., further detail each cell.

Applications: The developed ZF has the following applications. (1) Improve design
communications within bio-inspired organization leading to efficient knowledge
management. (2) The framework can be integrated with data management systems
to support knowledge management. (3) Help in planning and managing the design
projects. (4) Integrated with other frameworks such as TOGAF for detailed organiza-
tion representation and management. (5) Knowledge pathways can be easily tracked
using digital representation of this framework.

Limitations: We represent organizational structure using ZF and understand that the
actual practice can differ from what is described in this research. The framework
is structural and does not specify any method to develop the framework itself. We
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Table 45.1 Proposed Zachman framework with possible cell descriptions

Stakeholder Cell position Cell detail

First row: knowledge
planner

A1 (Goal list) Decides knowledge capture and
representation form; responsible
for complete management of
knowledge. Determines output
content and communication

A2 (Process list) Who to include and knowledge
management support

A3 (Organizational unit) Allocation of the task to the
responsible person

A4 (Organizational
identification)

The storage location can be
detailed

A5 (Event list) Noting knowledge collection time

A6 (Knowledge project
goals)

Purpose is to deliver the designer
with knowledge in a selective form
based on biologized question

Second row: knowledge
compiler

B1 (Entity relationship
model)

Whether biological strategy is
suitable for designer’s question?

B2 (Process model) How to abstract strategy to capture
and represent?

B3 (Workflow model) Work details and suitability
rationale; knowledge compiling,
keeping it annotated, filtered,
supported by source notes

B4 (Business flow model) Initial and final location of
trimmed knowledge

B5 (Master schedule) Keeping time notes of compiling
and editing

B6 (Business plan) Understand concept behind
biological entity and its
relationship; list sources,
knowledge of biological entity

Third row: knowledge
builder

C1 (Logical data model): Know source input and output,
confirmation? Describes logically
organized information for
answering the designer’s question

C2 (Application
architecture)

Information presenting technique
can be digital, physical.
Knowledge presentation in
multiple formats with capabilities

C3 (Human interface
architecture)

Stakeholders adding, deleting, and
editing details

C4 (Distribution system
architecture)

Where is relevant knowledge
located for access?

(continued)
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Table 45.1 (continued)

Stakeholder Cell position Cell detail

C5 (Processing structure) Knowledge duration final total time

C6 (Business rule model) Complete knowledge packages
represented in many modes

Fourth row: tool selector D1 (Physical data model) Includes various representation
techniques and their modes,
models, tools, etc

D2 (System Design) Capabilities of different models
and their needs; Elemental
understanding of various
frameworks and requirements

D3 (Presentation
architecture)

Physical form of frameworks or
representational form with details
that are needed to fill

D4 (Technology
architecture)

Database and details of
frameworks stored at locations

D5 (Control structure) Time filling details, duration

D6 (Rule design) To know the technical tools list

Fifth row: knowledge fitter E1 (Data definition) Appropriately fit the knowledge
gathered in tool selected

E2 (Program representation) Use knowledge and tool selected
and fit the knowledge in tool

E3 (Security architecture) Knowledge mappers understanding
tool and understanding knowledge

E4 (Network architecture) Storing knowledge at appropriate
places

E5 (Timing definition) Time notes for this task

E6 (Rule specification) Fit knowledge to capture and
represent

Sixth row: designer F1 (Actual data) Usage of delivered knowledge
captured forms to designer.
Requires input and feedback

F2 (Actual function) Linking using formats and
answering question

F3 (Actual organization) Read formats and understand them

F4 (Actual network) Particular locations, links

F5 (Actual timing) Designer reflection times can be
recorded

F6 (Actual motivation) Trigger inspiration and analogy
selection
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do not formally test the ZF for representing organizational structure or conduct an
actual examination of bio-inspired design organization. The architecture of infor-
mation capturing and representation encompasses tools and methods to deliver the
representation to the consumer of this information, typically the designers. A detailed
ZF version can be developed using software but is complex and rigorous. Often, this
framework is difficult to use.

45.3 Conclusion and Future Work

This research has examined the ZF for the organizational representation of the bio-
inspired design knowledge transfer process. We also identify different stakeholders
for knowledge transfer in the bio-inspired design process. We also populate the roles
of these stakeholders to define their attributes. The characteristics of this knowledge
transition are based on the classic ZF template. Representing knowledge as design
knowledge in an organizational entity makes it easier to manage and handle bio-
inspired design knowledge. This proposed framework results in a comprehensive
perspective of bio-inspired design knowledge capture and representation. This can
be studied to determine the efficacy of bio-inspired design knowledge mapping for
knowledge capture. Thus, using the ZF can help the design organizations transfer
captured and represented information to the designer. It can also be useful in knowl-
edge management, developed to capture and reuse the organization’s knowledge.
It must be noted that awareness of other stakeholder tools and techniques can cast
off many doubts about knowledge processing by other stakeholders. This can ease
up communication across teams. If there is any need for changing tools and tech-
niques, the same can be modified, recorded, and represented in the ZF. Currently, the
ZF representation is based on interpretation, as proposed by the author. The future
versions of this work can be further refined as per the agreed views of the stake-
holders and the analysts. Furthermore, the organizational processes can be studied
and presented to represent the bio-inspired design organization better.

References

1. Chandrasegaran, S.K., Ramani, K., Sriram, R.D., et al.: The evolution, challenges, and future of
knowledge representation in product design systems. Comput.-AidedDes. 45, 204–228 (2013).
https://doi.org/10.1016/j.cad.2012.08.006

2. Salgueiredo, C.F.: Modeling Biological Inspiration for Innovative Design (2013)
3. Chiu, M.-L.: An organizational view of design communication in design collaboration. Des.

Stud. 23, 187–210 (2002). https://doi.org/10.1016/S0142-694X(01)00019-9
4. Farazmand, E.,Moeini, A.: A framework for knowledgemanagement architecture. In: Proceed-

ings of the 13th International Conference on Enterprise Information Systems. SciTePress -
Science and and Technology Publications, Beijing, China, pp. 425–430 (2011)

5. Crowston, K.: A coordination theory approach to organizational process design. Organ. Sci. 8,
157–175 (1997). https://doi.org/10.1287/orsc.8.2.157

https://doi.org/10.1016/j.cad.2012.08.006
https://doi.org/10.1016/S0142-694X(01)00019-9
https://doi.org/10.1287/orsc.8.2.157


45 Capturing Knowledge Transfer Using Zachman Framework … 573

6. Liles, D.H., Presley, A.R. (1996). Enterprise modeling within an enterprise engineering frame-
work. In: Proceedings of the 28th conference on Winter simulation—WSC ’96. ACM Press,
Coronado, California, United States, pp. 993–999

7. Jonker, C.M., Sharpanskykh,A., Treur, J., Pi, Y.:A framework for formalmodeling and analysis
of organizations. Appl. Intell. 27, 49–66 (2007). https://doi.org/10.1007/s10489-006-0030-2

8. Gualtieri, A., Ruffolo, M.: An ontology-based framework for representing organizational
knowledge. In: Proceedings of I-KNOW ’05. Graz, Austria, pp. 71–78 (2005)

9. Pereira, D.C., Almeida, J.P.A.: Representing Organizational Structures in an Enterprise
Architecture Language (2014)

10. Vernadat, F.: Enterprise Modeling and Integration: Principles and Applications. Chapman &
Hall, London, New York (1996)

11. Vail, E.F.: Causal architecture: bringing the Zachman framework to life. Inf. Syst. Manag. 19,
8–19 (2002). https://doi.org/10.1201/1078/43201.19.3.20020601/37165.2

12. Morganwalp, J., Sage, A.: A system of systems focused enterprise architecture framework and
an associated architecture development process. Inf.-Knowl.-Syst. Manag. 3, 87–105 (2002)

13. Noran, O.: An analysis of the Zachman framework for enterprise architecture from theGERAM
perspective. Annu. Rev. Control. 27, 163–183 (2003). https://doi.org/10.1016/j.arcontrol.2003.
09.002

14. Zachman, J.: The Framework for Enterprise Architecture: Background, Description andUtility.
In: Zachman Int. https://www.zachman.com/resources/ea-articles-reference/327-the-framew
ork-for-enterprise-architecture-background-description-and-utility-by-john-a-zachman(1996)

15. Pienimäki, T.: A Business Application Architecture Framework in Manufacturing Industry.
Tampere University of Technology (2005)

16. Tatar, U., Karabacak, B., Katina, P.F., Igonor, A.: A Complex Structure Representation of the
US Critical Infrastructure Protection Program Based on the Zachman Framework, p. 14

17. Dantu, B., Smith, E.: Medical process modeling with a hybrid system dynamics Zachman
framework. Procedia Comput. Sci. 6, 76–81 (2011). https://doi.org/10.1016/j.procs.2011.
08.016

18. Danny, J., Shanlunt, W.G., Alianto, H.: The application of Zachman framework in improving
better decision making. In: 2018 Indonesian Association for Pattern Recognition International
Conference (INAPR), pp. 245–249. IEEE, Jakarta, Indonesia (2018)

19. Mani, M., Uludag, S., Zolinski, C.: On evaluating the use of Zachman framework in computer
science and information systems classes. J. Comput. Sci. Coll. 31, 9 (2015)

20. Abdullah, A., Zainab, A.N.: The digital library as an enterprise: the Zachman approach.
Electron. Libr. 26, 446–467 (2008). https://doi.org/10.1108/02640470810893729

21. Rachuri, S., Sarkar, P.,Narayanan,A., et al.: Towards amethodology for analyzing sustainability
standards using the Zachman framework. In: Hesselbach, J., Herrmann, C. (eds.) Glocalized
Solutions for Sustainability inManufacturing, pp. 543–548. Springer, BerlinHeidelberg (2011)

22. Chen, Z., Pooley, R.: Rediscovering Zachman framework using ontology from a requirement
engineering perspective. In: 2009 33rd Annual IEEE International Computer Software and
Applications Conference, pp. 3–8. IEEE, Seattle, Washington, USA (2009)

23. Kurniawan, H., Salim, A., Suhartanto, H., Hasibuan, Z.A.: E-cultural heritage and natural
history framework: an integrated approach to digital preservation. In: Proceedings of CSIT.
IACSIT Press, Singapore, pp. 177–182 (2011)

24. Urbanic, R.J., ElMaraghy, W.: A design recovery framework for mechanical components. J.
Eng. Des. 20, 195–215 (2009). https://doi.org/10.1080/09544820701802261

25. Müller, R.M., Thoring, K.: A typology of design knowledge: a theoretical framework. In:
AMCIS 2010. Lima, Peru, p. 12 (2010)

26. Sharma, S., Sarkar, P.: Biomimicry: exploring research, challenges, gaps, and tools. In:
Chakrabarti, A. (ed.) Research into Design for a Connected World, pp. 87–97. Springer
Singapore, Singapore (2019)

27. Vattam, S.S., Goel, A.K.: Foraging for inspiration: understanding and supporting the online
information seeking practices of biologically inspired designers. In: Volume 9: 23rd Interna-
tional Conference on Design Theory and Methodology; 16th Design for Manufacturing and
the Life Cycle Conference, pp. 177–186. ASMEDC, Washington, DC, USA (2011)

https://doi.org/10.1007/s10489-006-0030-2
https://doi.org/10.1201/1078/43201.19.3.20020601/37165.2
https://doi.org/10.1016/j.arcontrol.2003.09.002
https://www.zachman.com
https://doi.org/10.1016/j.procs.2011.08.016
https://doi.org/10.1108/02640470810893729
https://doi.org/10.1080/09544820701802261


574 S. Sharma and P. Sarkar

28. Deldin, J.-M., Schuknecht, M.: The AskNature database: enabling solutions in biomimetic
design. In: Goel, A.K., McAdams, D.A., Stone, R.B. (eds.) Biologically Inspired Design,
pp. 17–27. Springer, London, London (2014)

29. Ertaul, L., Sudarsanam, R.: Security Planning Using Zachman Framework for Enterprises,
p. 11

30. Beck, S., Mahdad, M., Beukel, K., Poetz, M.: The value of scientific knowledge dissemination
for scientists—a value capture perspective. Publications 7, 54 (2019). https://doi.org/10.3390/
publications7030054

31. Culley, S., International Conference on Engineering Design, Institution of Mechanical Engi-
neers: Design Applications in Industry and Education. Professional Engineering Publ, Bury
St. Edmunds (2001)

32. Bhasin, D., McAdams, D.: The characterization of biological organization, abstraction, and
novelty in biomimetic design. Designs 2, 54 (2018). https://doi.org/10.3390/designs2040054

https://doi.org/10.3390/publications7030054
https://doi.org/10.3390/designs2040054


Chapter 46
MCDM-Based Decision Support System
for Product Design and Development

Prabhat Kumar and Ayan Tiwari

Abstract The process of product design and development (PDD) consists of various
sequential stages. Each stage requires a complex evaluation and the right decision
to attain a successful product. Decision making in these product design stages often
is involved with multiple criteria and it is important to use multiple criteria deci-
sion making (MCDM) to assist design practitioners for more appropriate decisions.
Nowadays, various MCDM methods are available and applied in various areas. The
objective of this paper is to identify the types of decision-making problems that may
creep during different design stages and possible MCDM methods that might be
applicable to solve them. This paper presents comparative analysis and gives infor-
mation about some of the most popular MCDM methods with the design decision
applications as per the available literature. This knowledge can help enterprises make
better decisions in a particular design stage to ensure the success of their PDD.

46.1 Introduction

Product design and development (PDD) is a problem-solving and knowledge-
accumulation process. This process passes through several key design stages before
it gets a final design. Each design stage requires valid inputs and complex evaluation
with clear decisionmaking to obtain the desired output(s). Hence, PDD is a complex,
interdisciplinary, sequential, uncertain, and risky process of extensive planning and
activity. The right decisions in each design stage are vital to the success of the
‘design.’ A good product design ensures, product working as per customer require-
ments (CR), within optimal cost. To take the right decision by identifying, a feasible
combination of customer requirements and satisfy the conflicting requirements is a
tough task for both the design practitioners and the manufacturer [1]. Nowadays,
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product design has grown rapidly in the last few years. Increased competition for
better product (or system) functionality, quality, and cost along with shorter delivery
time presents remarkable challenges for any product manufacturing enterprise [2].
Over the past decades, the complexity of product design has increased rapidly.

The complex and dynamic nature of design leads to uncertainty and risk, which
makes taking the right decision critical [3].Most of the design problems often include
the necessity to identify the best optimal design solution from a large number of
potentially good alternative solutions. The selection of one good alternative among
a large number of potential alternatives is a very critical managerial task. It is also
challenging due to, design decision involves multiple criteria, both quantitative and
qualitative in nature with dependent and independent variables.

Decision making in product design often is involved with multiple criteria. There-
fore, it is advantageous to use multiple criteria decision making (MCDM) methods
to find an appropriate assessment. During the past few years, there have been tremen-
dous attempts on using MCDM techniques for decision making in product design.
The implementation of MCDM could pave the way for a new horizon in the deci-
sion support system for product design. MCDM techniques improve the quality of
decisions by creating the development more efficient, rational, and explicit [4]. As
per the Wang, an optimal design scheme not only improves the performance of the
product but also lead to the greatest satisfaction of customers [5]. In recent decades,
the MCDM techniques and approaches have received a great deal of attention from
design practitioners.

Nowadays, a large number of MCDM techniques have been proposed, which are
diverse in their theoretical process, the type of input required, and the type of obtained
results. Thus, it is important to identify the types of different MCDM techniques
applicable in the product design and document the exponentially grown interest in
theMCDMtechniques andprovide a state-of-the-art reviewof the literature regarding
the MCDM applications for decision making in product design. This work gives an
idea to identify suitable MCDM techniques for accurately and efficiently decision
making in product design.

The remaining sections of this paper are organized as follows. Section 2 provides a
summary of the literature review on decision making in product design. Section 46.3
describes the research methodology and the procedure of this study. Section 46.4
presents the discussion. Finally, Sect. 46.5 presents the conclusion and shows the
prospects for future research framework, opportunities, and challenges.

46.2 Summary of the Literature

PDD process is a sequence of steps or stages to conceive design and commercialize
a product. The decision making in PDD is considered as a typical MCDM problem.
Due to the great interest of academics and practitioners, many efforts have been
devoted to develop various types of MCDMmethods. As per the literature, methods
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which are mostly used in design evaluation and decision making are: analytical hier-
archy process (AHP) [6], analytic network process (ANP) [7], elimination and choice
translating reality (ELECTRE) [8], goal programming (GP) [9],multi-attribute utility
theory (MAUT) [10], preference ranking organization method for enrichment evalu-
ation (PROMETHEE) [11], technique for order preference by similarity to ideal solu-
tions (TOPSIS) [12], and weighted sum method (WSM) [13]. However, it is very
challenging to decide which MCDM method is the best for the particular design
problem. To date, several articles carried out a systematic review of the literature
[14–17] on MCDM methods. Siskos and Spyridakos (1999) presented a survey of
the history and the recent status of themultiple criteria decision support systems [14].
Zavadskas & Turskis presented a panorama of decision-making methods in light of
the recent developments ofmultiple criteria decision-makingmethods [15]. Recently,
Mardani et al. [16] reviewed a total of 393 articles published from 2000 to 2014
and investigated the developments of various methods of MCDM and their applica-
tions. Renzi et al. [16] presented a review of decision-making methods focused on
the selection of decision support methods for automotive industry design problems.
Nowadays, one MCDM method with a combination of other methods of MCDM
methods has been proposed in the literature extensively and solved decision prob-
lems. Similarly,Mayyas et al. [17] proposed a combined quality function deployment
and analytical hierarchy process; Peng and Xiao [18] proposed combined ANP and
PROMETHEE;Zhouet al. [19] proposedAHPandTOPSIS for the suitable decisions.
Amethod,which is often combinedwith theMCDMmethods, is the fuzzy sets theory
[16]. Fuzzy logic employed approximate modes of reasoning for decision making
in imprecise and uncertain environment over the entire design cycle [20]. A further
AHP method is most popular among the MCDM methods and frequently combined
with the other MCDM [21]. AHP is a simple method that focuses on prioritizing the
criteria by capturing the degree of importance of criteria to assist enterprises in the
product development phase [22]. AHP is simple to use, flexible, effective, versatile,
and transparent methods. This has made AHP extremely important and useful tools
in solving design decision-making problems.

As per the literature, numerous MCDM methods are available, and no single
method is considered the most suitable for all types of decision-making situa-
tions [22–24]. Moreover, different MCDMmethods can yield different results when
applied to the same design decision problem. Further, the selection of an appropriate
decision-making method leads to an MCDM problem itself. Thus, it is felt that there
is a serious need to classify the MCDM method as per the product design stages.

46.3 Research Methodology

The methodology of the work includes:

Step 1: Identification of strength, weaknesses, and application area of MCDM
methods.
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Step 2: Classification of various design stages and decision problems.

Step 3: Mapping of seven design stages and applicable MCDM methods.

46.3.1 Identification of Strength, Weaknesses,
and Application of MCDMMethods

For the aforementioned goal, the article reviews the literature published in popular
journals on decisionmaking in product design. An extensive searchwas carried out to
findMCDM in titles, abstracts, keywords, and research methodologies of the article.
Currently, research on MCDM continued and found many applications in different
fields. Each of these methods has its own features and application area. After a
comprehensive analysis of journal articles, it was found that the eightmost frequently
used techniques in PDD are: WSM, MAUT, AHP, ANP, TOPSIS, ELECTRE, GP,
and PROMETHE. Based on the extensive literature reviewed, the observed strength
and weaknesses, as well as application areas of the popular MCDM methods, are
compiled inTable 46.1.As several types ofMCDMmethods are available and applied
in various areas, this work considers only the major application areas.

46.3.2 Classification of Various Design Stages and Decision
Problems

As shown in Table 46.1, MCDM methods have their own strength and weakness as
well as application fields; none of the methods dominate the other methods. PDD
process involves a systematic series of design stages that design practitioners follow
to develop an appropriate design solution. During this process, there are numerous
decisions made in every design stage to attain a successful design. Inappropriate
decisionmaking during any design stagemay lead to product failure [3]. Therefore, in
this section, themajor stages of product design are classified and associated decision-
making problems are identified. Many PDD process has been published over the
years. Therefore, it is important to establish the comprehensive PDD process to
conceive, design, and commercialize a product. As per the inputs gained fromUlrich
and Eppinger [35], Pahl and Beitz [36], Anderson and Pine [37], Montagna [38], the
seven major stages of PDD and associated decision-making problem are established
as shown in Table 46.2 (column 1 to column 3). As per the available literature, the
relationship between the features of the reviewed methods presented in Table 46.1,
and the decision-making problems that characterize the design process in Table 46.2.
There aremany decision-making activities involved in each of the seven design stage.
However, this work considered only the major decision-making job involved in the
associated design stage.
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Table 46.1 MCDM methods, their application, strength, and weakness

Methods Area of application Strength Weakness References

WSM • Structural
optimization

• Product
assessment

• Fund allocation

• Risks and
uncertainty are
considered

• Mechanism of the
method is straight
forward

• Needs a lot of
input

• Preferences need
to be precise

[13, 25]

MAUT • Supplier selection
• City planning
• Testing and
robustness
assessment

• Represent the
uncertainty
directly to decision
model

• Needs a lot of
input

[10, 26]

AHP • Concept selection
• Buyers selection
• Customer needs
selection

• Resource
management

• Flexible, intuitive
appeal to the
decision makers

• Ability to check
inconsistencies

• Capture both
subjective and
objective
evaluation
measures

• Allows less
number of
alternatives

• Expressed in
different
measurements

[1, 22, 27]

ANP • Concept selection
and evaluation

• Supplier selection
• Material selection
• Site selection

• Allows complex
interrelationships
among decision
levels and
attributes

• Allows tangible as
well as intangible
criteria in decision
making

• Data acquisition is
a time intensive
process

• Subjectivity of the
comparisons is not
considered

• Requires a lot of
calculations

[7, 16, 29]

TOPSIS • Technology
forecasting

• Concept selection
• Competitive
benchmarking

• Plant layout design

• Simple, rational,
comprehensibility

• Good
computational
efficiency and
ability to measure
the relative
performance in a
simple
mathematical form

• Basically works on
Euclidian distance
and so does not
consider any
difference between
negative and
positive values

[1, 12, 28]

ELECTRE • Business policy
and strategy

• Risk and financial
management

• Facilities planning

• Takes uncertainty
and vagueness into
account

• Deals with
heterogeneous
scales

• Less versatile [8, 30, 31]

(continued)
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Table 46.1 (continued)

Methods Area of application Strength Weakness References

GP • Product planning
• Production
planning

• Cost estimation

• Capable of
handling
large-scale
problems

• Effective in
combination with
other MCDM
methods

• Demands
substantial
information from
decision makers on
their objectives

[9, 32, 33]

PROMETHE • Plant location
selection

• Concept selection
• Resource
evaluation

• Deals with
qualitative and
quantitative
information

• Incorporate
uncertain and
fuzzy information

• Output depends on
the decision maker
to assign weight

[11, 18, 34]

Table 46.2 PDD stages and associated MCDM methods

Product development stage Involve decision Methods

1. Planning Business policy and strategy,
fuzzy and conflict customers’
requirements, risk and
financial management

ELECTRE [31, 39], GP [32,
33]

2. Concept generation and
selection

Technology forecasting,
concept and functional
analysis

AHP [22, 27] ANP [18, 29],
TOPSIS [1, 19, 28],
PROMETHE [11, 34]

3. Embodiment and detail
design

product architecture,
configuration, parametric, and
material

TOPSIS [1, 28], WSM [13,
25], AHP[22, 27]

4. Testing and refinement Performance, reliability, and
durability

PROMETHE [11, 34], WSM
[13, 25], MAUT [10, 26]

5. Production ramp-up Resource management and
utilization

AHP [22, 27], TOPSIS [1,
19, 28], GP [32, 33]

6. Approval and launching the
product

Product demands, logistics,
and transportation

AHP [23, 28], TOPSIS [1,
19, 28], PROMETHE [11,
34]

7. Planning for its retirement Business management ELECTRE [31, 39], GP [32,
33]

46.3.3 Mapping of MCDMMethods and Seven Stages
of Design

Nowadays, a several MCDM methods available and each method are appropriate
for some specific types of decision-making situation. The last phase of this work
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involves the mapping of the product design stage along with the associated MCDM
methods (as obtained in Table 46.1). Based on the areas of application, the popular
MCDM methods that are applicable to the particular product development stage are
summarized in Table 46.2.

46.4 Discussion

An explicit decision-making process is one crucial aspects of efficient project execu-
tion in PDD.As shown in Sect. 46.3,WSM,MAUT,AHP,ANP, TOPSIS, ELECTRE,
GP, and PROMETHE methods are well known, often cited, and commonly used
MCDM methods for the decision making in PDD.

The first stage of the design process is the planning. This step undertakes to need
assessment and viability of the project idea along with customer requirements deci-
sion. Further, designing a new product requires extensive planning. The early works
had indicated that ELECTRE [31, 39] and GP [32, 33] are useful tools for handling
decision making in the planning stage. The subsequent step of the design process
begins with concept generation and concept selections. This stage is associated with
knowledge and information processing to generate concepts, and thereafter, tech-
nical and economic feasibility investigation to select the most optimal concept. The
excellence of the decision in this stage greatly impacts on the quality, cost, and desir-
ability of the final product. In this stage, if the wrong concept is chosen, the design
may be said to suffer from conceptual weakness. The available literature indicated
that AHP [22, 27], ANP [18, 29], TOPSIS [1, 19, 28], and PROMETHE [10, 34] are
some of the popular decision-making tools that can be employed in determining the
most appropriate design concept.

Embodiment design and detail design are the subsequent step in the design
process. Decision-making activity involves in this stage are: arrangement of the
physical functions, selection of materials and size of parts, selection of final dimen-
sions/parameters and tolerances, etc. As per the literature, methods that are mostly
used for decision making during the embodiment design and detail design stage are
TOPSIS [1, 28], WSM [13, 25], and AHP [22, 27]. During the testing and refinement
stage, a number of prototypes are built and tested to examine the desired functionality.
This stage involves compatibility with mating components, product performance,
reliability, durability, etc. Literature proposes that PROMETHE [11, 34], WSM [13,
25], and MAUT [10, 26] are the most suitable MCDMmethods to improve decision
making during the testing and refinement stage. In the consequent stage, production
ramp-up is the beginning of commercial production. The decision-making activity
involves in the production ramp-up stage are: quality, equipment, technique, process,
personnel, training, materials supply, volume, yield, cost, etc. As per the available
literature, the techniques AHP [22, 27], TOPSIS [1, 28, 29], and GP [32, 33] offer
enough scope for the decision making in the production ramp-up design stage. The
next stage in the design process is the approval and launching. Decisions regarding,
launch date, pricing and packaging, positioning, communications plan, marketing
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content, media relations, infrastructure, sales strategy, and training, are some of the
crucial factors in this stage. Literature proposes AHP [23, 28], TOPSIS [1, 20, 29],
and PROMETHE [11, 34] have been successfully applied for decisions related to
product approval and launching. The last step in the design process is the product
retirement. This stage is the end of the product life cycle. The decision for product
retirement mostly depends on the product performance, technology progress, sales
growth, market, competition, etc. Literature highlights that ELECTRE [31, 39] and
GP [32, 33] techniques have been successfully applied for the decision making in
the product retirement stage.

46.5 Conclusion

This paper carried out a unique literature review to identify the decision-making
problem that may creep during different design stages and the MCDM methods
that might be used to solve the decision problem. This work found that MCDM
methods have rapidly developed and have been applied to support strategic decisions
in various stages of PDD. It is also highlighted that each MCDM methods have
their own strength and weakness as well as application fields. Accordingly, this
work categorizes the associated MCDM techniques for optimum decision making
in different product design stages. It is felt that the design practitioners may benefit
from this work as they can identify what type of decision-making activity involves
during a particular design stage, along with the MCDM methods that can be used
for optimum decision making. In the literature review, it is observed that AHP was
the most regular technique followed by TOPSIS and then PROMETHEE in PDD.

The study is limited to find most individual MCDM methods and their applica-
tions as per the design stages. However, there is a lack of empirical evaluations of
the different MCDM methods. Nowadays, the development of hybrid and modular
methods is becoming significant increasingly. Therefore, in order to help decision
makers for more suitable decision making, it is necessary to publish reviews on
hybridMCDMmethods and approaches in future. Further, the paper identifies a need
for further research into decision-making methods in global product development,
in order to develop effective decision support tools for manufacturing companies
involved in global product development.

References

1. Kumar, P., Tandon, P.: A paradigm for customer-driven product design approach using extended
axiomatic design. J. Intell. Manuf. 30(2), 589–603 (2019)

2. Kumar, P., Tandon, P.: Bionic knowledge and information reuse methodology for uncertainty
minimization in product design. Knowl. Inf. Syst. 57(2), 287–309 (2018)



46 MCDM-Based Decision Support System … 583

3. Kumar, P., Tandon, P.: Classification and mitigation of uncertainty as per the product design
stages: framework and case study. J. Brazilian Soc. Mechan. Sci. Eng. 39(11), 4785–4806
(2017). https://doi.org/10.1007/s40430-017-0822-9

4. Mardani, A., Jusoh, A., Nor, K., Khalifah, Z., Zakwan, N., Valipour, A.: Multiple criteria
decision-making techniques and their applications–a review of the literature from 2000 to
2014. Econ. Res. Ekonomska Istraživanja 28(1), 516–571 (2015)

5. Wang, C.H.: Incorporating customer satisfaction into the decision-making process of product
configuration: a fuzzy Kano perspective. Int. J. Prod. Res. 51(22), 6651–6662 (2013)

6. Saaty, T.L.: A scaling method for priorities in hierarchical structures. J. Math. Psychol. 15(3),
234–281 (1977)

7. Saaty, T. L., DecisionMaking with Dependence and Feedback: The Analytic Network Process.
RWS Publications Pittsburgh (1996)

8. Roy, B.: Classement etchoixenprésence de points de vue multiples (la méthode ELECTRE).
La Revue d’Informatiqueet de RechercheOpérationelle (RIRO) 8, 57–75 (1968)

9. Charnes, A., Cooper, W.W., Ferguson, R.: Optimal estimation of executive compensation by
linear programming. Manage. Sci. 1, 138–151 (1955)

10. Churchman, C.W., Ackoff, R.L., Arnoff, E.L.: Introduction to Operations Research. Wiley,
New York (1957)

11. Brans, J.P., Vincke, P.: A preference ranking organization method: the PROMETHEE method
for MCDM. Manage. Sci. 31(6), 647–656 (1985)

12. Hwang, C.-L., Lai, Y.-J., Liu, T.-Y.: A new approach for multiple objective decision making.
Comput. Oper. Res. 20(8), 889–899 (1993)

13. Afshari, A., Mojahed, M., Yusuff, R.M.: Simple additive weighting approach to personnel
selection problem. Int. J. Innov. Manage. Technol. 1(5), 511–515 (December 2010)

14. Siskos,Y., Spyridakos,A.: Intelligentmulticriteria decision support: overviewandperspectives.
Eur. J. Oper. Res. 113(2), 236–246 (1999). https://doi.org/10.1016/S0377-2217(98)00213-6

15. Zavadskas, E.K., Turskis, Z.: Multiple criteria decision making (MCDM) methods in
economics: an overview. Technol. Econ. Dev. Econ. 17(2), 397–427 (2011)

16. Renzi, C., Leali, F., Di Angelo, L.: A review on decision-makingmethods in engineering design
for the automotive industry. J. Eng. Des. 28(2), 118–143 (2017)

17. Mayyas, A., Shen, Q., Mayyas, A., Abdelhamid, M., Shan, D., Qattawi, A., Omar, M.: Using
quality function deployment and analytical hierarchy process for material selection of body-
in-white. Mater. Des. 32(5), 2771–2782 (2011)

18. Peng, A.-H., Xiao, X.-M.: Material selection using PROMETHEE combined with analytic
network process under hybrid environment. Mater. Des. 47, 643–652 (2013)

19. Zhou, L., Zheng, P., Xu, X., Zhou,W.: A novel AHP-TOPSIS integrated method for case-based
retrieval in mechanical product design. Int. J. Prod. Dev. 22(3), 212–229 (2017)

20. Kumar, P., Tandon, P.: Uncertainty and decision making in product design: a fuzzy approach.
In DS79: Proceedings of The Third International Conference on Design Creativity, Indian
Institute of Science, Bangalore (2015)

21. Darko, A., Chan, A.P.C., Ameyaw, E.E., Owusu, E.K., Pärn, E., Edwards, D.J.: Review of
application of analytic hierarchy process (AHP) in construction. Int. J. Constr. Manage. 19(5),
436–452 (2019)

22. Kumar, P., Tandon, P.: Improvised concept development process in design through product
ingredients. In International Conference on Research into Design, pp. 453–463. Springer,
Singapore (2017, January)

23. Guitouni,A.,Martel, J.M.: Tentative guidelines to help choosing an appropriateMCDAmethod.
Eur. J. Oper. Res. 109, 501–521 (1998)

24. Roy, B., Słowinski, R.: Questions guiding the choice of a multicriteria decision aiding method.
EURO J. Dec. Proces. 1, 69–97 (2013)

25. Rehman, S., Khan, S.A.: Multi-criteria wind turbine selection using weighted sum approach.
Int. J. Adv. Comput. Sci. Appl. 8(6), 128–132 (2017)

26. Xiao, Z., Jianhua, Y., Xin, S.: Multi-criteria decision model for imperfect maintenance using
multi-attribute utility theory. Int. J. Perform. Eng. 14(12), 3014–3024 (2019)

https://doi.org/10.1007/s40430-017-0822-9
https://doi.org/10.1016/S0377-2217(98)00213-6


584 P. Kumar and A. Tiwari

27. Razi, P.Z., Ramli, N.I., Ali, M.I., Ramadhansyah, P.J.: Selection of method in construction
industry by using analytical hierarchy process (AHP). In IOP Conference Series: Materials
Science and Engineering, Vol. 712, No. 1, p. 012015. IOP Publishing (2020, January)

28. Kumar, R., Singh, K., Jain, S.K.: A combined AHP and TOPSIS approach for prioritizing
the attributes for successful implementation of agile manufacturing. Int. J. Product. Perfor.
Manage. (2020)

29. Kheybari, S., Rezaie, F.M., Farazmand, H.: Analytic network process: an overview of
applications. Appl. Math. Comput. 367, 124780 (2020)

30. Rogers, M.: Using electre III to aid the choice of housing construction process within structural
engineering. Constr. Manage. Econ. 18(3), 333–342 (2000)

31. Govindan, K., Jepsen, M.B.: ELECTRE: a comprehensive literature review on methodologies
and applications. Eur. J. Oper. Res. 250(1), 1–29 (2016)

32. dos Santos Rubem, A.P., de Mello, J.C.C.S., Meza, L.A.: A goal programming approach to
solve the multiple criteria DEA model. Eur. J. Oper. Res. 260(1), 134–139 (2017)

33. Munoz, D.A., Nembhard, H.B., Camargo, K.: A goal programming approach to address the
proposal selection problem: a case study of a clinical and translational science institute. Int.
Trans. Oper. Res. 25(1), 405–423 (2018)

34. Vinodh, S., Girubha, R.J.: PROMETHEE based sustainable concept selection. Appl. Math.
Model. 36(11), 5301–5308 (2012)

35. Ulrich, K.T., Eppinger, S.D.: PDD. McCraw-Hill. Inc., New York (1995)
36. Pahl, G., Beitz, W.: Engineering Design: A Systematic Approach, 2nd, rev Springer, New York

(1996)
37. Anderson,D.M., Pine, J.:Agile ProductDevelopment forMassCustomization:How toDevelop

and Deliver Products for Mass Customization. Irwin Professional Publishing, Chicago, USA
(1996)

38. Montagna, F.: Decision-aiding tools in innovative product development contexts. Res. Eng.
Design 22(2), 63–86 (2011)

39. Certa, A., et al.: ELECTRE TRI-based approach to the failure modes classification on the
basis of risk parameters: an alternative to the risk priority number. Comput. Industr. Eng. 108,
100–110 (2017)



Part VI
Lexicon, Taxonomy, Ontology, Machine

Learning and Data-Driven Design



Chapter 47
Mindmaps-Based Tool for Planning
and Structuring Design Research Papers

Mashahib Nawaz Hassan and Sharmistha Banerjee

Abstract Research papers are a tremendous source of cutting edge knowledge.
Writing a good research paper requires proper planning and structuring of paper,
which often comes from experience. Planning and structuring the research paper is
tedious for novice researchers due to the lack of a process that could assist novice
researchers in planning and structuring their paper. We conducted workshops on
writing research papers based on a generic framework to understand the mindset and
problems faced by novice design researchers. Workshops provided us with helpful
insights about how and what novice researchers think while writing research papers.
We came up with a concept of using mindmaps that allows novice researchers to
plan and structure the content of the research paper before writing the paper. It was
observed that it reduced stress and anxiety around organizing the contents of a paper
while writing it and researchers could focus more on the language of the paper while
writing it. This directly increases the quality of a paper in terms of its language and
narration.

47.1 Introduction

According to L. Bruce Archer: “Design research is systematic inquiry whose goal
is knowledge of, or in, the embodiment of configuration, composition, structure,
purpose, value, and meaning in man-made things and systems.” [1, 2]. According
to Cross, the purpose of performing design research is to “extract” and “construct”
knowledge from the natural or the artificial world and, after that, to make it available
to the community at large. This knowledge should be reproducible and reusable [2].
The research should be purposeful, inquisitive, methodical, and communicable.

Research papers are the medium through which new knowledge is disseminated
amongst peers and the masses in general. A general guideline for writing a research
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paper suggests sequencing the paper into the following sections: Title, Abstract,
Introduction,Methodology, Observations, Results, Conclusions, Discussions, Future
Work, and References [4]. Structuring the paper appropriately helps in conveying
the knowledge effectively as well as in a reproducible manner. A survey among
design undergraduate, post-graduate, andPh.D. students at theDepartment ofDesign,
IIT Guwahati, revealed that novice researchers, irrespective of their level of study,
usually find it difficult to chalk out an effective structure while writing a paper. Cross
also mentions in his editorial, “A frequent reason for rejecting a paper is that the
research aims and objectives, and the research methods and techniques are unclear
and reported with insufficient clarity and detail.” [3].

Also, multiple research papers can be chalked out of a design research project.
However, we observed that novice design researchers lack an understanding of this
art of research reporting. In this paper, we present our experiments using a mindmap-
based design tool for novice researchers to assist them in planning and structuring
the research paper. We developed and tested the tool with design undergraduate,
post-graduate, and Ph.D. students at the Department of Design, IIT Guwahati.

47.2 Methodology

We interviewed 30 design undergraduate (third and fourth year), post-graduate, and
Ph.D. students at the Department of Design, IIT Guwahati. The interviews were
unstructured and helped us to understand the problems that the participants face
while writing a research paper. Next, we conducted workshops for these researchers
in writing a research paper. Each workshop had four to six participants. We followed
the general sequencing guideline (Title, Abstract, Introduction,Methodology, Obser-
vations, Results, Conclusions,Discussions, FutureWork, andReferences) forwriting
the research paper. This workshop aimed to observe the participants while they wrote
the different sections of their research paper and identify their pain points in struc-
turing. We followed up the observation with a one-to-one discussion and further
defined the difficulties they faced. Next, we designed a mindmap-based tool to help
the participants in structuring their paper. We then conducted one-to-one sessions
with the participants to test the efficacy of the mindmap-based tool.

47.3 Observations—Unstructured Interview and Paper
Writing Workshop

We identified several problems that novice researchers face. Some of the significant
issues they face while writing the title are:

• Trouble articulating their research into an appropriate title.
• Using unnecessary words in the title or making it very concise.
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• Unclear if the title conveys the message of the paper.
• Miscommunicate the scope of the paper while framing the title.

Some of the major problems they face while writing the abstract are:

• Over or under explanation of the paper.
• Miscommunicate or miss out on explaining the scope, objectives, research

problem, methodologies, and the results of the research.
• Less thought to the suggested word limit.

Some of the significant problems they face while writing the body of the paper
are:

• Missing out on mentioning the key concepts and research work used in the
presented research work.

• Missing out on establishing the context of the research problem, the research
question(s), and the hypothesis.

• Writing the right content in the wrong section. For example, some of the
participants wrote the contents of methodology in the introduction.

• Inadequately defined methodology.
• Unclear on the differences between observations, results, conclusions, inferences,

and discussions. As a result, unable to establish well-argued connections between
them.

We, thus, observed that the novice researchers faced confusion in organizing
(content as well as order) their paper sections. They also faced challenges in deleting
unnecessary information. As a result, they stressed out with the idea of writing their
paper leading to delays and procrastination. Also, the final paper churned out to be
less effective in communicating the research to the world.

47.4 Mindmaps-Based Tool

Like a building needs to be planned before beginning construction, a research paper
needs planning too. To prepare the architecture of a research paper, we used inspira-
tion from mindmaps and developed a tool. The aim of the mindmap-based research
paper planning tool is to help a researcher in planning and to organize a research
paper.We assume that the tool will help in improving the quality of research reporting
and also reduce the stress and anxiety of novice researchers in research reporting.

Mindmap helps in connecting information and planning. All the necessary infor-
mation can be laid out in one place, and the essential connections between them can
bemade, allowing the researchers to put their thoughts together regarding the content
of the paper. We present the tool below using screenshots.

As shown in Fig. 47.1 on the next page, the tool consists of two major screens:
mindmap and roadmap. Themindmap screen consists of generic cards, namely intro-
duction,methodology, results/observation, and conclusion/discussion. An author can
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Fig. 47.1 Mindmap default UI

add or remove cards based on her requirements. Next (Fig. 47.2), the author proceeds
to create sub-branches. This helps her to organize her thoughts and work. Here, she
can add bulleted contents to each sub-branch. She can also move content from one
branch to another. Completing the mindmap will give the author an outline of the

Fig. 47.2 Mindmap UI after completing a mindmap
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Fig. 47.3 UI for sequencing the content of the paper

paper and its content. The author can now reflect upon this map and see that there is
no overlapping content, and correct content has been put in the right sections of the
paper.

The next step is to sequence the content as they will appear in the paper. It is, thus,
not necessary to add contents in the mindmap in the order as they will appear in the
paper. After completing the mindmap, the author has to click on the “set sequence”
button (Fig. 47.3). The left panel of the UI will show the current sequence as per the
selection. The sequence can be changed from this panel. The author will save the
sequence after setting it in the correct order.

Mindmaps will help in selecting and planning the content of the paper. However,
that itself will not be enough. Contents of the paper appear in a linear fashionwhereas
mindmap is not linear. This might lead to disconnects between the paper and the
outline provided by the mindmap. So the point of creating a chronological sequence
(see Fig. 47.3) is to convert mindmap into a linear roadmap (see Fig. 47.4). Thus,
roadmap will provide a linear outline of the paper. The writer can switch between
mindmap and roadmap from the top panel.

47.5 Testing the Mindmap-Based Tool with Novice
Researchers

Themindmap and roadmapwere tested with four novice researchers. The tool helped
the researchers in better organizing the content of their paper. Figures 47.1, 47.2, 47.3,
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Fig. 47.4 Roadmap UI

and 47.4 shows one of the sample researchers’ work using the tool. This paper has
been written using the tool too. Some of the papers that are completed using this tool
are cited below:

• Munakala, S.M., Manda, C., Banerjee, S. The Infinity Process: A Design
Framework for Interdisciplinary Problem-Solving (Submitted to ICoRD’21).

• Sehji, U. & Banerjee, S. Campaign design to nudge men in order to reduce the
crime rate against women (Submitted to ICoRD’21).

• Hassan, M.N. & Banerjee, S. Mind Maps-based tool for planning and structuring
design research papers (Submitted to ICoRD’21).

47.6 Future Scope

Acomplete HCI-based tool for novice design researchers to assist themwhile writing
research papers is under progress. The tool consists of the mindmap and the roadmap
followed with a step-by-step guidance to a novice researchers in framing the title,
writing the abstract and the body of the paper. The tool is a text editor and helps
in better structuring. Once the basic structuring is complete, the author can use any
of the existing grammar, plagiarism, and formatting applications to complete the
authoring process.
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Chapter 48
Inference Variable—A Human Cognition
and Design Perspective on Knowledge
Graph Visualization

Rani Joseph, Abhilasha, Prithvi Raj Ramakrishnaraja, Ramesh Manickam,
K. Vineetha, and Srinjoy Ghosh

Abstract In this paper, we expound our theoretical hypothesis covering effective
visualization factors in the area of visual analytics for a knowledge graph (KG)
consideringhumancognition aspects of inferencing.Thepaper reflects on thefirst and
foremost challengewith visualizations—which is effectively harnessing the potential
of a knowledge graph visually. While there is a progress on the technical front in
allowing an inference to be queried, there is limited scope to do the same visually. The
second challenge identified is when the user has to use his mental space and cognitive
reserve to conflate and schematize knowledge to infer. There are certain constraints
with this as to how the human attention is efficiently oriented toward the relevant
information and the visualized information is not cognitively loaded for the user to
infer from it. As far as the visualization aspect of the knowledge graph is concerned,
the aim is to reduce the cognitive resources used for building a new schema of the
task inside long-termmemory. Hence, the proposed inferencing variable in the paper
enables the release of space and conserves the cognitive reserve for further higher
cognitive process of decision making. It also includes the elements of motivation for
the user to visualize knowledge in knowledge graphs and an overview of the existing
visualizations of KG.
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48.1 Introduction

KG represents a collection of interlinked descriptions of entities—real-world objects,
events, situations, or abstract concepts achieved by interconnecting large network of
data. It is perhaps important to suggest that such generic structuration of general
world knowledge lays the cornerstones for both domain-independent and domain-
specific information systems, especially in this digital age. In words of Paulheim
[1], a knowledge graph mainly describes real-world entities and their interrelations,
organized in a graph and it defines possible classes and relations of entities in a
schema. In the journey of data turning into knowledge, a process of rationalization
takes place where—(a) data is refined into information, (b) schematized into corre-
lated information, and (c) transformed into high-quality, conflated, and schematized
knowledge ready for inferencing. Figure 48.1a, b showcases the latter two points.
In this entire process, there are two integral aspects that this paper will focus and
expand on: visualization of the schematized knowledge and the requirement of an
‘Inference Variable’ in the KG to aid the cognitive processing of the user.

Fig. 48.1 a SampleGoogle SearchKG (Source https://ahrefs.com/blog/google-knowledge-graph/)
bSampleNetflixMovieRecommenderKG(Sourcehttps://towardsdatascience.com/movie-recomm
endations-powered-by-knowledge-graphs-and-neo4j-33603a212ad0)

https://ahrefs.com/blog/google-knowledge-graph/
https://towardsdatascience.com/movie-recommendations-powered-by-knowledge-graphs-and-neo4j-33603a212ad0
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48.1.1 Why is Sensible Visualization Important in a KG
Ecosystem?

“A good sketch is better than a long speech…”—a quote often attributed to Napoleon
Bonaparte. We live in the information age where every second large sets of data
get generated from which insights are drawn constantly either with an automated
data pipeline or by data scientists and data analysts trying to make sense with that
data. In a more visual analysis-based approach where you want to discover the
insights with a visual representation of data, visual data exploration and thus visual
analytics is particularly useful when little is known about the source data and the
analysis goals are vague. In this context, visual data exploration can be viewed
as an evolving hypothesis-generation process [2], during which hypotheses can be
validated or rejected on a visual basis, and new ones can be introduced. According
to Schneiderman [3], visual data exploration is a three-step procedure encompassing
data overview, facet zoomandfilter, and on-demand detail request. To give dimension
to the size of the challenge associated with visual data exploration, a new forecast
from International Data Corporation (IDC) estimates that there will be 41.6 billion
connected IoT devices, or ‘things,’ generating 79.4 zettabytes (ZB) of data in 2025.
So, it is natural tomigrate toward superior visualizations to copewith this information
ocean.

48.1.2 Factors of Visualization

Users need information to make effective decisions. In the era of humongous infor-
mation, the more the data, the more challenging it is to connect the dots and come
to logical conclusions. Considering the aspects of human comprehension, the below
section outlines a few key visual elements from a data visualization standpoint which
can be extrapolated to knowledge graph visualization as well.

Ben Schneiderman’s [3] paper offers a task by data-type taxonomywith seven data
types (one-, two-, three-dimensional data, temporal and multi-dimensional data, and
tree and network data) and seven tasks (overview, zoom, filter, details-on-demand,
relate, history and extracts). The paper analyses the necessary factors to be addressed
for a data visualization for a better comprehension anddecisionmaking. The elements
put together help in forming an effective understanding of the visualization.

Fayyad et al. [4] provide an overview of importance of visual perceptual elements
in design. These elements (listed below) would not only just apply to information
visualization but also to visualize knowledge graph.

1. Point with position, color, and size
2. Line with location, length, width, color, and style
3. Polygon with location, shape, size, orientation, color, texture, and translucency
4. Image with pattern, range of values, colormap, size, and scale
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The above-mentioned first four are the basic building blocks of visualization,
while the following elements build over these to add different dimensions of
comprehension to them

5. Point plots with position coordinates
6. Wire frames with connection components (edges)
7. Icons and glyphs, such as arrows, spheres, boxes, stars, stick figures, and faces
8. Parallel coordinates taking a multivariate point and mapping it to a polyline

across N vertical axes
9. Multiple simultaneous views.

Considering the above factors of visualization, graph-based visualizations benefit
by less time spent to assimilate information, higher chance to discover hidden
insights, better understanding of a problem by visualizing patterns and context,
effective communication, and applicable for technical and non-technical users.

48.1.3 Related Work

There are several knowledge graph visualization tools in the market that brings out
information and hidden insights and helps one to understand the problem better to
solve it. A few focus on exploration and analysis of linked data and emphasize on
browsing data rather than showing the semantics of it. In this section, we provide an
overview of five known knowledge graph visualization tools (Table 48.1).

Table 48.1 Overview of knowledge graph visualization tools

Tool Visualization characteristics Example visualization

PoolParty [5] Variety of KG visualization features to
visualize nodes and relationships in data to
support visual analytics. Can be used by
technical and non-technical users with
advanced natural language-based queries and
search/filtering

Protégé [6] Open-source tool used for ontology and
knowledge graph creation having four major
visualization possibilities based on nodes and
relationships. (a) indented list, (b) node-link
and tree, (c) zoomable and d. focus + context.
Visual analytics capability is not very
advanced, however, provides search and
filtering options

(continued)
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Table 48.1 (continued)

Tool Visualization characteristics Example visualization

Neo4j [7] Open source and paid tool that supports
different visualizations like timeline, dataset,
graph2d, graph3d, and network and is mostly
based on network visualizations on nodes and
relationships. It supports visual analytics with
natural language queries and advanced search
and filtering

GraphXR [8] A Web-based KG visualization tool that
supports different interactive visualization
formats in 2D, 3D, geospatial, timeseries,
scatter plots, network. It enables visual
analytics with advanced nodes and relationship
visualizations and is apt for technical and
non-technical users alike with natural language
queries and search and filtering options

Gephi [9] Open-source tool that can visualize KG nodes
and relationships in the forms of networks. It
aids in visual analytics by search, and filtering
and visual cues of colors, etc.

48.1.4 Human Cognitive Aspects of Inferencing—The Need
for an Inference Variable

With large amount of data that is visualized in a knowledge graph, the challenge is
with respect to an efficient usage of user’s cognitive reserve to conflate and schematize
knowledge to be inferred. Two types of mental processing occur when a person
decides—Type 1 (outside of user’s conscious awareness) and Type 2 (thoughtful
decision while also dependent on some rules of the thumb). Type 1 processing may
utilize just small amount of working memory to function. However, Type 2 process
relies heavily on a deliberate and conscious application of working memory to drive
the process. Although both these processes are not mutually exclusive and rather
interdependent. In the context of knowledge graph visualization, we are referring to a
subset of visuospatial reasoning, i.e., visualization cognition. It refers to the cognitive
process of deriving meaning from external representations of visual information that
maintain consistent spatial relations [10]. This happens broadly in two distinct ways
either by perceptually focused frameworks or by considering the influence of prior
knowledge.

Pinker’s model [11] details an integrative structure with a distinction between
top-down and bottom-up encoding mechanisms in understanding such graphs. It
suggests that a visual description is constructed using bottom-up mechanisms. After
the mental encoding of the visual stimulus, a long-term memory search for relevant
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knowledge is initiated and represented in form of a graph schema. The graph schema
is then matched, and the most similar visual array is retrieved. Once, the match is
found the schema becomes instantiated and the visualization conventions associated
with that helps the user in interpreting the respective visualization. And this denotes
the message assembly process.

Studies suggest that a mismatch between the visualization and a decision-making
component requiresmoreworkingmemory resources in order to do correctivemental
transformations as compared to scenarios where the visualization is aligned with the
mental schema and task [12]. If the fit is poor, larger working memory resources
would be required to cover corrective mental transformations. Visualizations that
do not match the mental schema require cognitive transformations to make the
visualization and mental representation aligned.

Considering the above visual and human cognitive challenges and its interac-
tion between the inferencing of a KG and decision making, the research explored
the approaches that can be used to aid visual inferencing so that one can effec-
tively harness the potential of knowledge graph through visual analytics. It is further
hypothesized that introducing a new ‘Inference Variable’ attribute in knowledge
graph visualizations would eventually enhance the visual inferencing of a knowledge
graph.

Inference variable (IV) is a cognition led design exploration toward unearthing intelligent
way of acquiring knowledge from raw data in a structured manner. Given the massiveness of
a knowledge graphs and the user’s limited information needs, inference variable distills the
available information and presents in a concise and intuitive manner to the users for visual
inferencing. It is dynamic in nature and can change according to the context and specific
user needs.

48.2 Research Perspective

In a knowledge graph, the basic elements are represented by Subject, Object, and
Predicate (Fig. 48.2a) where, the Subject (ABC) is represented in a circle, Object
(1A) is represented in a circle, and the Predicate (Works with) is the connecting
element shown with an arrow.

Based on the outcome from our research, we introduce ‘Inference Variable’which
can enable the visualization of a fourth element in the visual analysis of a knowledge

Fig. 48.2 a Basic elements of a knowledge graph 2. b Inference variable as per the visual analysis
task
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graph. An inference variable is the goal of your visual analysis task while exploring
the data in the knowledge graph. Example:

a. If one wants to know all the employees who have joined and left an organization
in a particular time frame, in this case, the goal of inferencing is based on time,
hence time can be considered as the inference variable.

b. If one wants to know the movement of a package within a factory location, in
this case, the goal of inferencing is based on movement, hence location can be
considered as the inference variable.

This translates to a new element in knowledge graph visualizations (Fig. 48.2b),
where the Subject (ABC) is represented in a circle, the Object (1A) is represented
in a circle, and the Predicate (Works with) is the connecting element shown with an
arrow and the inference variable as per the visual analysis task within the context of
Subject, Object, and Predicate.

48.2.1 Case Study

48.2.1.1 Inferencing from a Typical Node-Relationship Knowledge
Graph Visualization

Let us take an example of a query performed by visual analysis: If someone wants
to know how many people work in FIN had joined as Intern after 2015 from college
‘IDC’ and are still working within the organization.

Figure 48.3 represents a typical graph visualization from a snippet of data of an
organization FIN which employs full-time employees, interns, and contractors. In
the visualization, E1, E2, E3, E4, and E5 represent full-time employees, I1, I2, I3,
I4, and I5 represent interns, and C1 and C2 represent contractors.

One of the approaches to visually analyze the data to arrive at the result is to:

1. Filter and visualize all interns in the organization after 2015.
2. Narrow down the resultant data using a sub-filter to extract all interns who are

still with the organization.
3. Further filter this narrowed list based on the relationship to find the data with a

link to college ‘IDC’
4. Finally, you arrive at the count of interns for the query as ‘3 interns’.

The maturity of the visualization tool defines the number of steps required to
arrive at the result for visual inferencing.
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Fig. 48.3 Traditional
knowledge graph
visualization

48.2.1.2 IV Based Knowledge Graph Visualization: Time
as the Inference Variable

Figure 48.4 illustrates the core differentiation in the visualization proposed which
lies in how a node and its relationship with other nodes are represented.

Fig. 48.4 Basis of IV
visualization
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Node: A node in this context is visualized as an elongated capsule that spans across
the inference variable (in this context the inference variable being ‘time’).

Relationship: The relationships between respective nodes are represented by the
overarching ‘arc’ which indicate the connecting relationships between these nodes.

The basis of IV visualization consists of:

1. The Subject (ABC) which is visualized as an elongated capsule across the IV
instances (T1, T2, and T3) starts at Subject Occurrence (S-o) and ends at Subject
Cessation (S-c) in the focus area of visualization.

2. The Object (1A) which is visualized as an elongated capsule across the IV
instances (T2, T3, and T4) starts at Object Occurrence (O-o) and ends at Object
Cessation (O-c) in the focus area of visualization.

3. The Predicate (Works with) is the relationship betweenABC and 1A established
in the IV instances between T2 and T3 in the focus area of visualization.

4. The different instances of IV (T1, T2, T3, and T4) are visualized across the
corresponding Subject–Object–Predicate (S-O-P) contexts.

A sample visualization of the knowledge graph based on IV for the same visual
analysis query is highlighted in Fig. 48.5 consisting of:

1. Full -time employees (E1, 2, 3, 4, and 5) and interns (I1, 2, 3, 4, and 15) are visu-
alized as elongated capsule across the inference variable instances (2013, 2014,
2015, 2016, and 2017) with the nodes in the periphery indicating the attributes
like the college or sub-department information with filled colors indicating
‘current presence’ and unfilled colors indicating ‘past presence’

2. Now by glancing through this visualization, you can narrow your visual search
to the capsules that extend after the 2015 instance.

3. You can then simply count from left to right all intern capsules with the IDC-
filled colored attribute in the periphery.

Fig. 48.5 Visualization of the of knowledge graph based on inference variable.
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48.2.2 Visual and Cognitive perspective

The traditional approach of showcasing knowledge graphs with nodes and rela-
tionship represent the node clusters and their immediate relations. When a new
parameter of inference is brought, there is a cognitive requirement from the user
to imagine/extrapolate how this inference variable can link in this context with the
traditional nodes and relations. The concept of inference variable in this context by
using an example visualization showcases how such an inference variable can be
introduced enable the user in quickly inferring in the context.

Figure 48.3, traditional way of representing nodes and relationships is compara-
tively difficult for the user to infer as such it misses the important element of visual
affordances. If the user wanted to find out the time-based relationship (‘time’ being
the inference variable here) for how E1-A is related to E3-A, the user does not have
any visual affordance to bring out this relationship in Fig. 48.3. It only has nodes and
relationships presented visually in the raw linked format.

While inFig. 48.5, since the nodes are represented as elongated capsules—keeping
in context the inference variable—the user can easily infer visually the time-based
relationships between E1-A and E3-A, wherever they are in their corresponding arc
range. Inference variable tailors the visualization from the raw linked data format
to a form that is much organized and matches the human mental models during a
decision-making process.

This visual affordance here is enabled by the factors referred to byFayyad et al. [4],
in terms of ‘Line with location and length’. The location of the ‘elongated capsule’
brings in the ‘Length’ component. Its proximity with other elongated capsules brings
in the aspect of ‘Location’.With the cognitive alignment in terms of Gestalt principle
of proximity, these two parameters can help the user easily enable him/her to correlate
the aspects of time with the corresponding nodes. The number of steps in arriving at
the result is influenced by the visualization maturity of the tool one is using.

The research analysis has led us to conclude that the aim of this visualization
should be to add saliency to the information as much as possible in order to reduce
the search complexity and establish a cognitive fit for the user between the visu-
alization and their mental model. Inference variable can help optimize the visual
analysis steps further by providing a visual mechanism to compare sub-resultant
steps easily thereby introducing a better cognitive fit in terms of user’s visuo-spatial
processing (pre-attentive visual processes), hierarchical representation of the infor-
mation, categorization and segmentation, information relevance, etc. The overall
goal of optimizing the visualization (by reduction in the number of steps for visual
analysis) would be to reduce the cognitive load.
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48.3 Discussion and Conclusion

We argue that with respect to human cognitive aspects of inferencing, both the types
of information processing (Type 1 and 2) have its own advantage and disadvantage.
It is thus important to understand which specific task would call for what type of
processing on the user’s part to make the visualizations optimal. There are studies
that show that capitalizing on Type 1 processing helps the users to make accurate
decisions when less is known as it is more intuitive. However, if the visualizations
are designed inappropriately and require surplus mental transformation, then the
visualizations prove to be detrimental.

Three distinct sources generate the level of cognitive load on part of the user:
intrinsic load, extraneous load, and germane load [13, 14]. Intrinsic load is related to
the challenge of the task itself and the level of difficulty, while the extraneous load is
related to the complexity of the task represented and the germane load is associated
to the cognitive resources used for building a new schema of the task inside long-term
memory. All these combined together offer an overall experience.

When it comes to the visualization aspect of the knowledge graph, the aim to
reduce the Germane load so that the cognitive reserve is relatively free for other
higher cognitive activities of decision making. The inferencing variable enables the
release of space and conserves the cognitive reserve for further usage.We suggest the
graph visualizations begin with basic perception where the raw data can be denoted
by visual attributes and hence would easily distinguishable by the user. There can
be two levels of information in the form of, a. Nodes, connections, relationships,
attributes and b. Timeline and versioning. One can also have zoning and prioritizing
which would in turn enhance the saliency of the information by making it visible
when needed. This would direct the user’s attention by categorizing (edge filters),
grouping based on priority or timeline and clustering based on criticality (pattern
formed with priority groups).

Here, the designers can play with the bottom up features of the visualization to
direct user’s attention. It consists of involuntary shifts in attention to salient features
of a visualization and does not utilize working memory [2].

For subsequent levels of information inferencing, one could introduce a categor-
ical drill down and delineating relationships. This is to implicate the notion of user’s
mental model such as (a) Do the mental representations belong or differ from a set
of propositions? (b) What rules of inferencing the mental processes embody under-
lying reasoning? and (c) Whether the representation and the questions depend on a
de-compositional dictionary or set of meaning postulates?

The visual representations can thus synthesize the new knowledge and know-how
by enabling a connection between the new and existing knowledge base. Reflec-
tive cognition would lead to problem solving, planning, reasoning, and decision
making where the visualizations allow further data cleansing. This inclusion of Type
2 processing in our proposed perspective suggests that there is a variation in the
cognitive fit between the visual description, graph schema, and conceptual model.
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It is a knowledge -driven process and it interacts with the user’s visual encoding
technique.

We put forth the view that in an era of data explosion and its automation through
technical advancements, it is crucial to consider the user experience elements of
visualizing knowledge graph (human cognitive aspects). This would not only make
the knowledge graph visualizations more intuitive but also aid in the advancement of
visual analytics.We have added to the state of the art in visual analysis of KG through
tailored visualizations that are ‘compact summaries’ of KGs containing only the facts
most relevant to individuals’ interests. These are well aligned with the user’s mental
model of decision making by drawing inferences. In addition to the existing work,
we intend to continue future exploration with a more concrete use case to arrive at a
different variation of the possible visualizations with an inference variable.
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Chapter 49
Store Atmospherics, Shopping Motives,
and Buyer Behavior—An Indian
Consumer Perspective

Ramchandra Alias Ameet Chate and S. R. Bharamanaikar

Abstract In the modern era of marketing, creating pleasurable experience by
enhancing store atmospherics, whichwe coin as ambience, has emerged as a deciding
factor for profitability of firms. Hence, retailers have been investing a lot to create
positive experience and identifying the factors that stimulate the conative, affective
and cognitive factors. Current increased usage in information and communication
technology, free knowledge sources hasmade the consumermore aware of substitutes
and better options at better prices. Hence, studying the impact of store atmospherics,
which include lighting, visual merchandising, color that stimulates positive experi-
ence has been studied to increase the profitability of retailers and improve customer
experience from user’s perspective. The study undertaken will help to understand the
dimension in designing the store atmospherics, which are most effective in attracting
the customers and affecting their conative, cognitive and affective replies. This study
is based on the user’s experience in buying the product and evaluating the factors
that stimulate the buying intention through the usability audit. The findings of this
investigation will help the retailers to develop better in-store atmospherics, helpful
in increasing the sales and consumer loyalty that contribute to the profitability.

49.1 Introduction

Store atmosphericswas first coined byPhilpKotler in the year 1973 [6]. Itwas defined
as “The effort to design buying environments to produce specific emotional effects
in the buyer that enhance his purchase probability”. However, several studies were
conducted to evaluate the impact of atmospheric variables on purchasing behavior
considering external variables (exterior signs, exterior display windows, color of
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Fig. 49.1 Proposed model for evaluating impact of store atmospherics on buyer behavior

building, lawns and gardens, surrounding stores, parking availability, and archi-
tectural style), general interior variables (flooring and carpeting, color schemes,
lighting, music, scents, temperature, and cleanliness), layout and design variables
(space design and allocation, placement of merchandise, waiting ques) ,point-of-
purchase variables(point-of-purchase displays, wall decorations, usage instructions)
and human entities (employee characteristics, customer characteristics, and privacy)
as independent variables and consumer behavior as dependent variables.

The research papers aims to cater only to physical store settings, to study the
hedonic outcomes in terms of behavior. Taking into consideration the cultural and
behavioral aspects of Indian consumers, physical store settings play a major role in
shaping ones shopping behavior. However, the literature studied during the research
work for online platforms indicated all together, a different set of variables that influ-
ence the shopping behavior, that are no way related to physical shopping variables.
Hence, the research paper is restricted only to physical store environment.

A revised, comprehensive, and conceptual frame work for the study can be
designed as shown in Fig. 49.1, and the numbers in the parentheses represent the
number of questions (in the questionnaire) pertaining to the variable under study.

49.2 Literature Review

A great deal of connect between store atmospherics and behavior exists. There
are several proposed methods to establish, connect, and evaluate the relationships
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between the store atmospherics and behavior, also various dimensions of store atmo-
spherics that are discussed below. Right from conducting a controlled experiment to
2 × 2 × 2 factorial design to devising methods to collect data by verbal inputs have
been discussed. Kotler in the year 1973 defined atmospherics as “Efforts initiated by
retail stores to create an environment that stimulates a buyer to generate a desired
emotional response to enhance the possibilities of purchase and thus contribute to
profitability” [6]. Donovan and Rossiter [3] briefed about the experiment conducted
with in-store environment as independent variable and attitudes and intentions -
emotions during the shopping experience in terms of extra time spent in-store and
impulsive purchasing as dependent variables and age as a moderating variable. The
outcomes of the study revealed that pleasantness experienced by visitors of the store
due to store environment is the factor responsible for visitors spending more time
in the store and also making impulsive and unplanned purchases [3]. Gardner [4]
briefed about the research conducted with mood states as independent variable and
consumer behavior as dependent variable to prove that consumer behaves in accor-
dance to the mood while availing a service or during service encounter. It is easy
to please consumers in a good mood as they display helpful behavior compared to
consumers in neutral moods. Also consumers in good mood are likely to perform the
expected task at the point of purchase with positive outcomes compared to consumer
in negative mood where the outcomes or results are not as expected [4]. Baker
et al. [1] conducted a research on 147 graduate students to find out that architec-
ture, style, and layout, in-store decor cues interrelate with social cues to persuade
respondent’s contentment and social cues persuade provocation in-store environ-
ment. For the study, lighting and music were categorized as in-store decor cues and
number/friendliness of employees was categorized as social cues considered as inde-
pendent variables and retail patronage decisions (Pleasure, arousal, and willingness
to buy were examined) as dependent variables [1]. Bitner [2] said that dimensions in
the physical environment have an impact on employees and customers behavior in
terms of cognitive, emotional, and physiological response. Here ambient conditions
space/function, signs, symbols and artifactswere considered as independent variables
and behavior-approach and avoidance behavior and social interactions were consid-
ered as dependent variables [2]. Turley and Milliman [12] put together atmospheric
variables-layout and design, point-of-purchase and decoration variables, human vari-
ables, external variables, general interior as independent variables and shopping
behavior: approach and avoidance behavior as dependent variables to prove that
retail environments has influence on consumer’s approach-avoidance behavior [12].
Hussain and Ali [5] studied the effect of cleanliness, scent, lighting, music, color
display/layout on buying behavior. The outcomes stated that atmospheric variables
such as cleanliness, scent, lighting, and display/layout have a positive influence on
consumer purchase intention whereas music and color have insignificant impact on
consumers purchase intention. The temperature has almost no impact on the purchase
intention of the consumers. Table 49.1 represents interpretation of pleasure arousal
and dominance [5].
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Table 49.1 Interpretation of pleasure arousal and dominance

Interpretations of pleasure

S. No Author Year Title/Journal Outcomes

1 Mehrabian, A.,
& Russell, J. A

1974 “An approach
to
environmental
psychology”

Pleasure was defined as a
affective (emotional) responses

2 Russell, J. A., &
Mehrabian, A

1977 Evidence for a
three-factor
theory of
emotions

Feelings of pleasantness and un
pleasantness are dimensions of
evaluating pleasure

Pleasure is defined as feelings
ranging on a spectrum of pain
toward happiness

3 Mehrabian 1996 Balanced
Emotional
Empathy Scale
(BEES)

Positive versus negative affective
states (e.g., enthusiasm, respite,
feeling of acceptance, serenity
versus cruelty, disgrace, apathy,
and tedium)

Interpretations of Arousal

4 Thayer G.D and
Russell

1967
1979

Circumflex
model of
marital and
family systems

Arousal described in terms such
as: watchful, aroused,
enthusiastic, heartfelt, watchful,
roused

5 Mehrabian, A.,
& Russell, J. A

1974 An approach to
environmental
psychology

Feeling state ranging along a
single dimension ranging from
sleep to anxious excitement such
as expectant, serene energized,
and somnolent

1977 Evidence for a
three-factor
theory of
emotions

Arousal ranges from slumber
through transitional states of
lethargy and then preparedness to
hyperactive stimulation at the
opposite extreme

Interpretations of dominance

6 Mehrabian, A.,
& Russell, J. A

1974 An approach to environmental
psychology

Dominance is
associated to
behavior such as
controlling,
influencing
others and
self-governing

(continued)
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Table 49.1 (continued)

Interpretations of pleasure

7 Russell, J. A., &
Mehrabian, A

1977 Evidence for a three-factor
theory of emotions

Feelings of
being deficient
in controlling or
influencing on
events and
surroundings to
the contrary
extreme of
feeling
influential and
in control

49.3 Summary

Several research papers were considered for the study; however, in all the papers that
have been considered, the independent variables considered are either single variable
indices or multiple variable indices restricted to 2, 3, or maximum 4 variables that are
related. Also, most of the studies have adopted an experimental approach limiting
the sample size due to availability of resources or time at disposal. The studies have
been carried out in a controlled environment as per the availability of resources,
which gives a fabricated outcome, restricting a holistic outcome for consideration
and hence the findings cannot be generalized.

The study undertaken has taken into consideration eight dimensions of store
environment that are relevant to make a considerable impact on buying behavior
and eight dimensions of pre defined motives, put together which give a holistic
outcome for consideration. Hence the research contributes to the body of knowl-
edge by giving a broader perspective of store environment variables and antecedent
states that drive shopping behavior. This study will surely help retail store owners to
design an environment for inducing favorable shopping behavior and better shopping
experiences.

49.4 Research Methodology/Questionnaire Framework

Based on the literature study carried out, the following gaps have been identified.

Research Gap 1: Majority of the studies carried out have been controlled experi-
ments with a limited sample size, studied in a controlled environment. Hence, the
outcomes of the study cannot be generalized and applied to a larger mass or real-time
situation.

Research Gap 2: Off the few research studies carried out in Indian context, the
data collection from samples has been limited to a particular city or town, also the
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behavior of people varies from jurisdiction or varied geographical locations. Hence,
generalizing the findings of a particular geographical location to broader Indian
context is not feasible.

Research Gap 3: To a greater extent, mood or other antecedent states of individuals
are the key determinants of driving behavior. The literature studies conducted so far
have not indicated any studies to prove the impact of store atmospherics on mood.
Hence, this gives rise to an opportunity to study the impact of store atmospheric
elements on mood and in return, the impact on behavioral outcomes of consumers.

The framework of the questionnaire is asmentioned below inTable 49.2.A sample
size of 1000 visitors and shoppers of organized retailer outletswas decide, but eventu-
ally data was collected from 1028 samples from the five zones of the country, namely
north, south, east, west, and central Indian. A structured questionnaire was adminis-
tered both online and offline. The stores considered for the study were supermarket
(Big Bazaar, Dmart—46%), departmental stores (Westside, Pantaloons, and Shop-
pers Stop—24%), convenience store (More, Reliance fresh—17%), malls (Central
Mall—12%) and specialty stores-1%. The percentage numbers represent the sample
unit. The sampling method adopted for the study was stratified random sampling, as
the whole idea was to generalize the overall behavior of India consumers. A ques-
tionnaire consisting of 77 was designed. The responses were recorded on a 5-point
Likert scale with the following ratings (1—Always, 2—very often, 3—sometimes,
4—rarely, and 5—never). A correlation, regression, chi square test, and ANNOVA
test were carried out to establish a relationship between the variables of the study and
also to find the strength of association and degree of variance. The insights gained
from the study would help to develop a framework for designing store atmospherics
to suit the target customers psych to induce an expected behavior. Also developing a
store environment to suit the target customers need would help to increase the store
patronage and loyalty.

49.5 Findings and Discussion

See Tables 49.3, 49.4 and 49.5.
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Table 49.4 Statistical representation of ANOVA analysis

Analysis of behavior variance with respect to store atmospherics

Atmospheric variables Consumer behavior Significance value Discussion

Cleanliness Pleasure 0.229 Although overall store
atmospherics have an
impact on pleasure
dimension of consumer
behavior; music, lighting,
color, display, and layout
dimension of store
atmospherics have
emerged as dominant
dimensions that drive
customers to spend more
time in the store

Music 0.003

Scent 0.524

Temperature 0.189

Lighting 0.000

Color 0.000

Display and layout 0.000

Human variables 0.091

Cleanliness Arousal 0.218 Results prove that overall
atmospherics are
instrumental in affecting
the arousal dimension of
consumer behavior but
music, scent, color,
display, and layout and
human variables have
emerged as dimension
that are responsible for
customers buying more
and making unplanned
purchases

Music 0.003

Scent 0.002

Temperature 0.603

Lighting 0.129

Color 0.000

Display and layout 0.006

Human variables 0.000

Cleanliness Dominance 0.003 Store cleanliness, lighting,
color, human variables,
display, and layout are the
dimension that induce
customers revisits and
store recommendations

Music 0.015

Scent 0.731

Temperature 0.969

Lighting 0.001

Color 0.000

Display and layout 0.000

Human variables 0.000
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Chapter 50
Creation of Value
in Ecosystems—A Perspective
from Design Innovation

Nikhil Ravindranath Zope

Abstract With design becoming more and more explicitly recognized and used as
part of the innovation in businesses, design innovation as a discipline is alsomaturing.
Design innovation is helping recognizing value creation explicitly in all stages of
innovation. Innovation itself is moving from offering innovation to experience inno-
vation and from a single business firm driven to ecosystems driven. In this paper, we
review literature from design innovation discipline and business ecosystems disci-
pline. From the literature review, we establish that design innovation needs to go
beyond offering innovation and address value creation within multiple firms from the
ecosystem perspective. We also discuss business models of ecosystem participants
and their influence on each other as first step in this research direction.

50.1 Introduction

50.1.1 Introduction—Design and Innovation

Design has become language of innovation [5]. Various design methods and design
thinking as a discipline have become integral to innovation processes practiced by
innovation teams across startups and corporates alike. While management and inno-
vation literature has adopted design discipline in terms of design thinking methods
and using it as language of innovation, “design innovation” has emerged as discipline
within design community [15].

Design methods and design processes have been aiming at identifying the value,
and an offering must provide to its users and design the offering for that value.
Erstwhile product design and in last decade service design has successfully applied
design methods for the respective offerings to create value for intended customers.
Several authors have successfully demonstrated through various cases how design
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thinking methods can be used along with other management concepts to design busi-
ness models for firms [16]. In last two decades, business models are conceptualized
as one of the essential steps to go from idea of an offering to successful innova-
tion. Further in recent efforts, other authors have shown that design can also help
in ensuring value creation along the innovation process with help of business model
canvas [12].

50.1.2 Research Direction—Ecosystem-Driven Innovation

Nature of innovation itself is transforming over last two decades. Innovation has
moved from centrality of an individual firm to an organizational ecosystem. It is the
organizational ecosystem together that provides compelling value to the customer
which cannot be provided by any individual firm by itself. The organizational
ecosystem for an offering or set of offerings may still be coordinated primarily by an
anchor organization. Organizational ecosystem literature identifies actors that can be
part of an ecosystem and different types of ecosystems based on how organizations
in the ecosystem work together [2, 8, 13]. Various roles that an individual firm can
play in ecosystem has also been discussed in the literature [8]. In recent literature,
it has also been recognized that the role a firm plays in ecosystem can change over
time and dynamics of organizational ecosystem is considered as one of the important
research agenda for the future [17].

In this paper, we focus on ecosystem-driven innovation. The literature iden-
tifies three types of organizational ecosystems—business ecosystem, knowledge
ecosystem, and innovation ecosystem [19]. However, such distinction is not followed
widely in the literature and often the term “business ecosystem” or “organizational
ecosystem” is used to represent an ecosystem in any context. Different value related
methods like “value modeling,” “value blueprint,” etc., are used in the literature to
identify and define organizational ecosystems [2]. Well-known design schools have
also identified business ecosystem design as key capability for growth and innovation
[10].

In this paper, we establish perspective based on literature review to identify the
area in which that design innovation discipline can complement.

50.1.3 Objective and Proposed Contribution

The objective of this paper is to explore how design innovation can complement in
ensuring value creation in an innovation ecosystem. We review organizational and
innovation ecosystem literature and key papers from design innovation literature
to present our views. We also leverage ecosystems design canvas and steps toward
ecosystems design from literature.
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50.2 Design Innovation and Value Creation

The term“design innovation” is interpreted inmultipleways byvarious authors. From
innovation perspective, it is useful to first understand how design can contribute to
innovation. Hernández et al. [5] recognize following roles played by design from
innovation perspective: design to differentiate; design for introduction and adop-
tion of innovations in the market; design to transform ideas into concepts; design
(as) research, design as a (creative, generative) thinking process; design as tech-
niques to articulate ideas and to integrate concepts, people, and functions; designers’
contributions to innovation.

Na et al. [15] articulate role of design from innovation perspective in the form
of design innovation spectrum. The spectrum includes different design theories and
relationship of these theories to innovation at different levels of business (activity,
strategic and organization level).

Hobday et al. [7] in their “couplingmodel” of innovationwith design as a bridging
function identify different types of innovation activities, relationships between them,
and the innovation activities in which design practice is utilized themost. The authors
argue that design practice is utilized primarily in idea generation, concept develop-
ment and prototypes, while its potential in the other innovation activities remains
underutilized.

The Danish Design Ladder represents different levels of influence or integration
of design within a business [9]. The four steps of the framework are: (1) no design,
(2) design as styling, (3) design as process, and (4) design as strategy. The authors
propose that in the fourth level—design as strategy—design is integral part of the
innovation process in the business and designers take part in the strategy of the
business.

Heskett [6] has discussed design and value creation comprehensively. Heskett in
his book has argued that design community should explicitly study value creation.

Lokku et al. [11] further link creativity, design, and innovation with focus on value
creation. Lokku [12] further utilizes value creation stages with respect to business
models (and hence innovation) and argue that design must understand value creation
beyond just value proposition and explicitly address the concern of ensuring value
creation for the stages—value creation, value delivery, and value capture.

Value creation is the central concept for innovation. Any offering (whether service
or physical product) must create value for its customer. With modern offerings
including both service and products, trying to fulfill needs of potential customer
together, the modern discussion on innovation has shifted in terms of value than
service/product and their features.

Boztepe [4] studies thenotionof value through three approaches towarduser value:
value as exchange and use; value as a sign; and value as experience. The author further
identifies different categories of user value and finally discusses how these different
approaches and categories can be applied in design practice. Value as exchange and
use is recognized from economic paradigm where exchange value is considered as
monetary or othermaterial value that can be sacrificed for acquiring the offeringwhile
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use value is the value realized by the user through the benefits of using the offering.
Value as a sign refers to the symbolic meaning attached to the offering. It may be
driven primarily by social and cultural aspects. Value as experience refers to the
benefits including feelings derived from the offering consumption experience. Smith
and Colgate [18], similarly in their customer value creation framework also refer
to four types of values—functional/instrumental value, experiential/hedonic value,
symbolic/expressive value, and cost/sacrifice value. They further offer examples and
refer to related literature for each type of value.

From the literaturewe note that, design innovation is focused on offering and value
that can be delivered to the customer of the offering. As more and more innovations
are being conceptualized and executed at ecosystems level, it is important for design
innovation practice to address value creation for all the ecosystem participants.

50.3 Ecosystems and Innovation

50.3.1 Understanding Ecosystems

Moore [13, 14] first presented concept of ecosystem in business context. Moore
[14] defines a business ecosystem as “an economic community supported by a foun-
dation of interacting organizations and individuals—the organisms of the business
world.” The author describes business ecosystems in three layers: core business layer,
extended enterprise layer, and business ecosystem layer [13]. The author uses analogy
of biological ecosystems and argues that an organization’s capabilities co-evolve
around innovations (Fig. 50.1).

Iansiti andLevien [8] developed the concept further using the analogyof biological
systems used by Moore [13] highlighting both similarities and differences between
biological ecosystems and business ecosystems. The authors emphasize that collec-
tive behavior of organizations in the ecosystem determines how well organizations
in the ecosystem do; health of an individual organization in an ecosystem depends
on the health of the ecosystem. Iansiti and Levien [8] proposed four different roles
that an organization can play in the business ecosystem they are part of: Keystones,
Niche players, Dominators, and Hub Landlords.

In this paper, we are focusing on ecosystems from innovation point of view.
Adner [2] considers innovation ecosystem as “a world in which the success of

value proposition depends on creating alignment of partners whomust work together
in order to transform a winning idea to a market success.” Valkokari [19] classified
ecosystem into three types of bring clarity to different perspectiveswithwhichvarious
researchers studied ecosystems. The three types are: business ecosystems, innova-
tion ecosystem, and knowledge ecosystems. Valkokari [19] argues that innovation
ecosystem is understood with the objective of co-creation of innovation.

Lewrick et al. [10] present business ecosystem design as capability for growth
and innovation. The authors propose an ecosystem design canvas that can be used
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Fig. 50.1 Business ecosystem layers (Adapted from: [14])

to design or improve an ecosystem. The elements of the ecosystem design canvas
highlight importance of considering business models of each actor, how business
models of actors influence each other and the resultant overall business model for
the ecosystem.

50.3.2 Value Creation in Ecosystems

Value creation is not a linear process [3]. Organizations participating in ecosystem
cooperate and interact with each other in various ways to create value for each
other and for the customer. Ecosystem allows organizations to create value that no
individual organizations could have created alone [3].

Value creation is the central concept that is used to innovate at ecosystem level.
Researchers have used business models to express and analyze ecosystem-driven
innovation as they capture the value creation and relationships between ecosystem
participants [3, 10, 20].
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50.3.3 Business Models—Creating and Capturing Value

Business model for a business is core logic of how the business works. It is under-
standing the business holistically in its most abstract form. A businessmodel answers
the most basic questions like what value does a business provide to its customers,
what are themeans bywhich this value is provided (channels, key process, resources,
etc.), with whom business needs to partner to provide this value and finally how the
business makes money out of this endeavor [16]. A business may have multiple
business models covering its multiple offering and multiple customer segments.

Various business model researchers have conceptualized business model differ-
ently. Osterwalder and Pigneur [16] define a business model as a conceptual tool that
contains a set of elements and their relationships and allows expressing the business
logic of a specific organization. They further consider business model as descrip-
tion of the value an organization offers to one or several segments of customers
and of the architecture of the organization and its network of partners for creating,
marketing, and delivering this value and relationship capital, to generate profitable
and sustainable revenue streams.

50.3.4 Ecosystem Design Canvas

Lewrick et al. [10] have proposed ecosystem design canvas to design and analyze
ecosystem like businessmodel canvas for business models. However, unlike business
model canvas the ecosystemdesign canvas is not a single viewbut consists ofmultiple
views for some of the elements of the ecosystem design canvas. Table 50.1 shows
list of elements of the ecosystem design canvas. From the user/customer side, the
canvas contains two elements: user/customer needs and core value proposition. As
any ecosystem consists of multiple organizations, such organizations are recognized
as actors in the ecosystem design canvas. The canvas has two elements for the actors,

Table 50.1 Elements of
ecosystem design canvas
(Source [10])

Category Element

Core value proposition

User/customer User/customer needs

Actors Describe the actors

Analysis of the advantages and disadvantages
of each actor

Multidimensional view of business models

Definition of the value streams

Design/redesign, build/test, explore

Prototype, test and improve the business
ecosystem
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one element includes description of all the actors while the other analyzes advan-
tages and disadvantages of all the actors from the ecosystem perspective. Actors
also feature in the element—Multidimensional view of the business models. In this
element, business models of all the actors are analyzed along with their contribution
to the core value proposition for the ecosystem. One of the important elements of the
canvas is the definition of value streams in which the value streams across multiple
actors are recognized and articulated. The other two elements represent the activities
in ecosystem design. One element is prototype, that tests and improves the busi-
ness ecosystem, while the other element represents the cyclical stages of ecosystem
design: design/redesign, explore, and build/test.

The ecosystem design canvas and the approach proposed along with it connects
design thinking with innovation and ecosystem perspective. However, it does not go
deeper into how value is accrued to all the actors in the ecosystem. The element—
multidimensional view of business models—would be key to analyzing this value
perspective along with value streams.

50.4 Leveraging Design Innovation

We note from the literature for ecosystems discipline that current research focuses
on bringing out the importance of ecosystems view and need to embrace it. There are
many methods that help identify ecosystem participants and value exchange within
the ecosystem participants. However, a systematic approach toward how complex
interrelations within these ecosystem participants influence each other collectively
creating value for each other and for customer has not yet matured. We believe that
multidimensional view of business models mentioned in ecosystem design canvas is
the view that will help organizations most in finding and working on this synergy.

Design Innovation starts with user needs and has matured as a discipline in
designing to deliver value for user/customer through offering or experience of the
offering. However, similarly explicitly working on value creation across multiple
business entities is an area that is not adequately addressed by design innovation.
We believe that this gap can be addressed by enhancing design practice to formulate
approach toward designing and analyzing multidimensional business models (a set
of business models that influence each other and align in a way to deliver through
an overall business model). We can refer to overall business model as “ecosystem
business model.” Some researchers like Bahari et al. [3] have tried to define and
formulate approach to design such ecosystem business model. Design innovation
can further strengthen such approach along with focus on identifying influence of
business models of organizations (ecosystem participants) on each other. Figure 50.2
shows pictorial representation. This research direction can benefit both the design
community as well as business community.
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Fig. 50.2 Leveraging design innovation for ecosystem context

50.5 Conclusion

Innovation is increasingly becoming ecosystem-driven with ability of individual
organizations to compete and innovate alone in a sustaining manner is decreasing.
Design innovation as a discipline has matured in addressing innovation processes
with respect to offering innovation and delivering value through experience
throughout offering lifecycle. Ecosystem-driven innovation processes require going
beyond offering paradigm and address value creation among ecosystem participants
along with value creation for customer/user.

Business models serve the purpose of understanding and designing value creation
in all stages for an organization. Multidimensional view of business models—busi-
ness models of all ecosystem participants and their influence on each other—is
an important area where we can systematically approach ecosystem-driven innova-
tion. Value networks can further help in explicitly identifying value exchange across
ecosystem participants. Design innovation can address this value creation paradigm
using business models. We observe this area of research is not adequately addressed
in design practice. We believe conducting research in this direction will benefit both
design community and business community. We are undertaking research to study
influence of business models of multiple organizations on each other as part of our
further work.
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Chapter 51
Understanding and Evaluating the Needs
of a Respiratory Assessment Device
for Community Health

Nibedit Dey and Priyabrata Rautray

Abstract In public health settings, most of the patients with respiratory-related
complaints come with chronic conditions, where the disease has already developed
to a chronic stage that requires immediate care. As per the Global Asthma Report
(2018),more thanonebillion patients suffer fromchronic respiratory diseases (CRD).
Pneumonia is considered the single most significant cause of mortality in children
worldwide with over 2 million deaths. Factors such as malnourishment, low zinc
intake, overcrowding, exposure to parental smoking, indoor air pollution play an
essential role in increasing children’s susceptibility to respiratory infections. Due to
the lack of pulmonologists in primary care centres and lack of time, patients remain
undiagnosed, which leads to a rise in the number of chronic cases. The problem is
worse for babies suffering frompneumonia,where any delayed diagnosis can be fatal.
In a crowded and noisy atmosphere, it is challenging to hear the sound of congested
lungs through a regular stethoscope. To improve our understanding of the screening
process and gather clinicians’ perspectives, several face-to-face interviews and online
surveys were conducted. We also documented the existing diagnosis methods and
tests prescribed by clinicians to detect pneumonia. This research paper documents
and highlights the need for a respiratory assessment device. The research paper is
divided into three segments; firstly, it highlights the existing diagnosis methods for
respiratory disease and issues related to it, and secondly, recording and analysis of
clinicians’ perspectives and challenges. Finally, conceptualizing a novel solution to
assist clinicians in the diagnosis of respiratory diseases.
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51.1 Introduction

In the twenty-first century, respiratory disease is the foremost cause of death and
illness worldwide, affecting all age groups and especially infants are more vulner-
able. The respiratory of the disease varies from severe infections to prolonged
non-communicable diseases. Acute respiratory infections (ARI), tuberculosis (TB),
asthma, chronic obstructive pulmonary disease (COPD), and lung cancer are five
prevalent respiratory diseases identified by the Forum of International Respiratory
Societies (FIRS) [1]. Every year, nearly 1.3 million children die due to pneumonia,
and with early detection, most of the death could be averted. One in five children
below the age of five dies due to pneumonia each year [2]. Currently, asthma is
one of the widespread non-communicable diseases in case of children worldwide
[3]. In 2016, it was assessed that more than 339 million people were affected by
asthma globally [4]. According toWHO estimates, there were 417,918 deaths due to
asthma at the global level and 24.8 million Disability-Adjusted Life Years (DALYs)
attributable to asthma in 2016 [5]. Globally, around 5% of death is from COPD
compounding to more than 3 million in number. As per WHO estimates, COPD will
be the third leading cause of death in the year 2030 [6].

India, with its massive population, chronic respiratory diseases are adding to an
already overly burdened healthcare system. As a country, we lack an overall under-
standing of the prevalence of chronic respiratory diseases for individual states [7].
As per the global asthma report 2018, about 2% of adults and 6% of children have
asthma in India [4]. Asthma affects over 30 million and with a high mortality rate of
18.1 death per 100,000 people. ARI accounted for 69% of the total cases of infectious
diseases and caused 23% of deaths in 2017 [8]. In 2018, the National Health Profile
(NHP) of India recorded 41,996,260 ARI cases and 3740 deaths.

This research paper on understanding and evaluating the needs of a respiratory
assessment device for community health is divided into four sections. Section 51.1
introduced the background for the paper and established the need for the research
project. A detailed literature review to understand the existing respiratory assess-
ment for diagnosis of different lungs conditions was done as elaborated in Sect. 51.2.
Section 51.3 documents the methodologies used for clinical immersions, interviews
and online survey. It also includes illustrated data sets, data interpretations and
finding. Finally, Sect. 51.4 gave a summary of the problem and methods to over-
come it. This paper is an effort to initiate further research and development of novel
medical devices.
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51.2 Literature Review

Literature related to physical observation, respiratory assessment and computerized
lung sounds analysis (CLSA) to detect respiratory disorders were studied. The tradi-
tional way of physical observation and examination has a lower accuracy in iden-
tifying pneumonia cases. Research says that even with a specialist doctor, physical
diagnosis sensitivity is between 47 and 69% and specificity is between 58 and 75%
[9]. A respiratory assessment is a physical examination that includes evaluation of
the respiratory rate, chest movements and breathing pattern. The assessment consists
of inspection, palpation, percussion and auscultation along with the patient health
history as explained in Fig. 51.1 [10]. Once a doctor assesses the patient’s medical
history and general appearance, physical assessment is done. Palpation provides
vital information about respiratory health conditions. The clinician measures body
temperature looks for abnormal sounds, checks alignment of trachea, excursion and
percussion. Auscultation is the final critical component of a respiratory assessment,
i.e. listening to chest sounds [11].

A stethoscope is used to listen to respiratory sounds, also known as lung sounds
or breath sounds. Normal lung sounds can be heard throughout the chest area, which
includes the area below of the rib cage and above the collarbones. The clinician
may listen to the normal, decreased or absent, and abnormal chest sounds using a
stethoscope [12]. The four most common types of abnormal breath sounds are rales,

Fig. 51.1 Respiratory assessment procedure
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rhonchi, stridor and wheezing [13]. Abnormal chest sounds may indicate underlying
health conditions like asthma, bronchitis, pneumonia, emphysema, interstitial lung
disease, bronchiectasis, etc.

Auscultation is a very skilful procedure and gained by practice. Therefore, most of
the clinicians require confirmation using blood tests and medical imaging modalities
like X-rays or CT scans [14]. The user’s listening skills limit the capabilities of tradi-
tional stethoscopes for chest auscultation. Auscultation using electronic stethoscopes
and machine learning-based classification of lung sounds may bridge these short-
comings. In one of the studies, the sensitivity of CLSA for the detection of crackles or
wheezes was at 80%, and specificity was 85% [15]. 2D visualization of lungs sounds
has the edge over traditional stethoscopes. 3D visualization of lungs sounds may
help in localizing the infection. Unlike traditional stethoscopes that provide access
to only one site information, sensor arrays can provide a 2D or 3D visualization
of the lungs. However, existing sensor array-based solutions are not preferred by
clinicians as they are not user friendly, expensive and bulky [16]. As per the study
conducted by Marques et al., computerized respiratory sound analysis has shown
potential in monitoring respiratory health in COPD patients. The researchers found
that the quality of lungs sounds from standardized anatomic locations was excellent
and reliable. The usefulness of computerized respiratory sound assessments in eval-
uating disease severity and response to treatment may be improved by using these
standardized anatomical locations [17].

51.2.1 Respiratory Assessment Process

To understand a patient’s respiratory health condition, the clinician evaluates the
current physiological status.Any abnormal respiratory patternmay indicate the possi-
bility of an underlying illness ormetabolic disorders. A respiratory assessment begins
with a detailed medical history of the patient. Clinicians ask about their earlier respi-
ratory diseases, chronic conditions and cardiovascular health. If the patient has a
history of cardiopulmonary conditions, then the clinician tries to get as many details
as possible about previous hospitalization, post-emergency events and vaccination
history [11].

The respiratory assessment process may vary for patients with special needs. For
example, preterm babies have weaker respiratory muscles than children and adults,
while babies and young children have a higher respiration rate. The clinician has
to change the assessment based on the age and unique needs of the patient [10].
The clinician observes the patient for different respiratory clues such as respiration
rate, abnormality in the shape of the chest, signs of laboured breathing, patient’s
pulse, blood pressure and oxygen saturation. If oxygen saturation is below 90%, the
patient may require oxygen. In the case of infants and new-borns, clinicians may
check for flaring nostrils, which indicates breathing problems. Any retractions or
bulging of the muscles between the ribs may indicate an emergency condition with
lack of enough air [18]. Respiratory assessment can be challenging for patients with
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pneumonia as the symptoms are similar to patients with colds or the flu. People
often ignore pneumonia until the illness lasts longer than the other conditions. The
clinician diagnoses pneumonia based on the patient’s medical history, a respiratory
assessment examination, chest X-ray and laboratory test results. Pneumonia has four
stages, namely consolidation, red hepatization, grey hepatization and resolution.
Most of the pneumonia cases are reported at the later stages.

Clinicians usually follow below parameters for pneumonia diagnosis:

• CXR (Chest x-ray) to confirm the presence of pulmonary infiltrate or two or more
of the following:

• Fever > 100.4 °F (Oral)
• SpO2 < 92% in normal room condition
• RR > 24 breaths per minute (bpm)
• Evidence of focal pulmonary consolidation on respiratory assessment, including

auscultation results.

Similarly, clinician usually follows the below parameters for COPD/Asthma
diagnosis:

• CXR showing COPDwith hyper-inflated lungs and no infiltrates and two or more
of the following:

• Symptoms of shortness of breath, wheezing or increased sputum production
• SpO2 < 92% in normal room condition
• Acute reduction in peak flow or FEV1 in spirometry
• Respiratory rate > 24 bpm.

51.3 Clinical Survey

This section includes our efforts in clinical immersions and needs validation
following Stanford Biodesign methodology. After our initial personal interviews
with doctors from the selected hospitals, we conducted an online survey to increase
the data set and to have a broader perspective.

51.3.1 Personal Interviews

Initial clinical studies were conducted in 15 hospitals, and the current methods of
diagnosis were studied. We identified a few focus clusters based on our observations
during phase 1 clinical immersion. To gain further insights, we discussed our views
with doctors during phase 2 focused immersion. It was found that it is difficult for an
undergraduate doctor or alternative medicine practitioners to identify abnormalities
in lungs sounds in the noisy environment of primary care. There were many patients
with complaints of sneezing and cold, which are diagnosed as allergic rhinitis.
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Following are the observations documented during our interviews with doctors.
They mentioned that chronic allergy cases convert to asthma. Asthma is prevalent,
and patients require regular treatment. Doctors regularly persuade asthmatic patients
to stop smoking to avoid asthma attacks. Most of the days, people come early in
the morning for nebulization. People do not keep inhalers and depend on PHC. The
condition can be critical at midnight. Villages are far away and no proper trans-
port available at night. Patients do not visit hospitals until the situation goes out of
control and believe that allopathic treatment will make them dependent on drugs.
The doctor said the early treatment could cure and reduce the progress of asthma. In
case of patients coming with breathing difficulty, the doctor does not have tools to
differentiate between asthma, COPD, pneumonia and other disorders. In one of the
PHCs, there were 2275 outpatients during the month, and 1579 laboratory tests were
done. Tuberculosis was common among the villagers. Twelve patients were getting
treated for TB with DOTS. From the clinical immersion, we found that pneumonia
is prevalent among children and often treated late causing the casualties. From the
discussions with the doctors, we concluded that there is a need for a tool for quick
diagnosis of patients in primary care.

51.3.2 Online Survey

After the discussion with primary care doctors, we discussed with doctors from
different specializations to increase the unique data sets and to have a better under-
standing of the issue. An online survey was conducted where 29 doctors responded
from various specialties.

Fig. 51.2 Specifications of participant and years of experience
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51.3.3 Data Visualization

Figure 51.2 highlights the specializations of the doctorswho participated in the online
survey and their experience in years. Around 69% of the doctors were specialized in
pulmonology and with a fair amount of experience, which gave us in-depth insights.

The next figure explains the frequency of most common lungs’ diseases and the
number of asthma case handled by participants every month, as shown in Fig. 51.3.

Figure. 51.4 shows the number of pneumonia cases handled every month by
doctors and the methods used to detect them.

Fig. 51.3 Most common lungs diseases and the number of asthma cases per month

Fig. 51.4 Number of pneumonia case per month and methods used in the diagnosis

Fig. 51.5 Need for assistive respiratory assessment system and ease of use by semi-skilled
healthcare user
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In Fig. 51.5, validate the need for an assistive respiratory assessment system for
primary care and ease of use by semi-skilled healthcare user.

Thus, after analysing the data from our online survey, we found that most of the
cases, the participants came across were cough-related problems followed by asthma
and COPD. The important findings are mentioned below:

• 75.9%of participants responded that they rely onX-rays for pneumonia diagnosis.
• 75.9% clinician also mentioned that they come across more than five pneumonia

cases per month.
• 20%of doctors with specialization in pulmonology and chest medicinementioned

that there is a chance of identifying and missing crackles through traditional
stethoscopes.

• Overall, 24.1% of doctors were not confident identifying a crackle with conven-
tional auscultation.

• 69% clinicians said that a respiratory assessment device could assist doctors in
screening pneumonia in PHCs.

• 44.8% clinicians said they require assistance with lung sound analysis.
• 51.7% clinicians agreed that paramedical staff like nurses, ANMs and Asha

workers could identify childhood pneumonia cases with a skilling program or
with the help of a simple respiratory assessment system.

51.3.4 Analysis and Interpretation

From the clinical immersion and discussions with the clinicians and the survey,
it is clear that there is a need for a respiratory assessment system for community
health. Majority of respiratory cases come at a chronic stage and require assessment
by a specialist doctor. Chest X-rays are not usually done in the primary healthcare
centres due to unavailability of the X-ray machine or the technician and due to
poor economic condition of patients. In several cases, the rural healthcare centres
are managed by ayush doctors or by paramedical staffs who are not trained to do
a respiratory assessment and prescribe treatment. Over usage of antibiotics without
proper diagnosis is leading to anti-microbial drug resistance. It is observed that
essential equipment such as pulse oximeter, infrared thermometer and spirometer
were not present in primary care centres. It was also found that telemedicine was
not available to the patients in government-run healthcare centres and life support
systems such as ventilators are only available in tertiary care centres. It is leading
to delay in diagnosis and treatment in most of the cases. Hence, there is a need for
a respiratory assessment system to enhance clinical decision making, which should
not create an additional diagnostic cost to the patients.
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51.4 Conclusion

Due to lack of access to the healthcare facilities, vaccines and medicines, millions
of people die every year. These deaths are preventable, and community spread can
be stopped. Availability of a respiratory assessment system can help in identifying
underlying respiratory conditions early, and patients can be treated before it becomes
an emergency. It can also assist in decision making about the next treatment steps
and avoid any guesswork. Children can be protected from pneumonia with a simple
respiratory health assessment device and can be treated with low-cost medication
and care. Thus, from our literature reviews, clinical and online surveys, we found
that there is an unmet need for the development of a respiratory assessment system
that can be used with existing telemedicine platforms. These devices will become
the first line of defence in preventing respiratory disease related to mortality. Due
to remote locations and a massive rural population of our country, these innovative
devices based on latest technologies will go a long way in providing early detection
and last-mile healthcare services to the people. We hope our research findings will
help to inspire and push for the development of such novel medical devices that are
not only cost effective but easy to use.
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Chapter 52
Context of Design Innovation:
Development of Practice Support
in Accordance with Design Research
Methodology for Enabling Creation
of Value

Doji Samson Lokku and Deepak John Mathew

Abstract The context of design innovation refers to harnessing human creativity for
‘creation of value’. With innovation pointing to transforming the ideas for success in
the market place, it is a reasonable expectation for creativity-based design practice
to enable this particular transformation. The review of design innovation literature
suggests that the practice ought to be explicit with regard to ‘creation of value’. The
research study looks at this scope towards developing a practice support for enabling
‘creation of value’. The literature on business model refers to the rationale behind
creation of value, which may be adapted into design practice. The development of
practice support adopts the various perspectives from the literature on businessmodel
and introduces the resulting approach as part of standard design phases, in order to
address ‘creation of value’ explicitly. The stages in design research methodology are
adheredwith,while developing the practice support.An initial studywith reference to
the context of design startups indicates validation of the developed practice support.

52.1 Introduction

The context of design innovation refers to combining the practice of creativity-based
design with innovation. The multidisciplinary definition of innovation [1] refers to
transforming the ideas in order to differentiate successfully in the market place. On
the other hand, creativity-based design refers to shaping the ideas to make things that
are meaningful in our lives. Thereby, there exists a common theme between design
and innovation in the form of shaping and transforming of the ideas. The publication
by Boztepe [3] succinctly describes notion of value and design.
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The phrase ‘creation of value’ in this paper refers to wealth or value creation as
it happens to be the case with respect to the context of startup firms. The notion of
value is both qualitative (which refers to perception of value by a stakeholder) and
quantitative (which refers to net benefits accruing to a stakeholder).

The scope of this paper aims at identifying the design concerns that enable
‘creation of value’ explicitly. Development of practice support to address these
concerns is part of the research scope. The research questions pertain to state of the
art of the design practice and ‘creation of value’. The paper describes the possible
approaches for it with an outline of content as per design research methodology [2].
Each of the methodology stages is substantiated with exclusive figures prepared by
this paper authors themselves.

52.2 Research Methodology Based upon DRM Stages

The study in this paper adheres with the stages as per design research methodology
(DRM) that include research clarification (RC), descriptive study I (DS I), prescrip-
tive study (PS), and descriptive study II (DS II). Research clarification describes the
argument for making the practice explicit with regard to ‘creation of value’. Since
the scope of research includes identifying the concerns that pertain to ‘creation of
value’, a review of literature on business model is undertaken as part of DS I. The
understanding gathered is sufficient to undertake development of practice support as
part of a comprehensive prescriptive study. The resulting actual support is subjected
to an initial DS II for evaluation purpose.

The research clarification consists of literature review in the area of design inno-
vation to highlight the gap in the state of the art of design practice while addressing
‘creation of value’. The descriptive study I captured the literature review on busi-
ness model in an attempt to describe the perspectives on ‘creation of value’. The
resulting understanding lends a handle towards developing the practice support. The
subsequent prescriptive study aims at developing the practice support for enabling
‘creation of value’. Lastly, the descriptive study II evaluates the developed practice
support with reference to the context of design startups, as these firms have an agenda
for ‘creation of value’ aimed at intended stakeholders.

52.3 DRM Stage: Research Clarification—A Review Study

The study for this stage includes review of literature pertaining to both design and
design innovation as well. The point of view while studying these literatures is on
‘creation of value’ in terms ofwhether the practice is implicit or explicit in addressing
‘creation of value’. Generally, the scope of design includes business offering and the
associated value proposition, whereas the scope of design innovation extends further
to Value Realization. Accordingly, the former refers to implicit nature of practice,
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Fig. 52.1 Design versus design innovation—shift in focus and emphasis

whereas the latter is about being explicit with regard to ‘creation of value’. The recent
publication [6] points to the need for design practice to be explicit with regard to
‘creation of value’ but it does not put forth an approach for it. Figure 52.1 depicts the
shift in focus and emphasis of the practice with respect to ‘creation of value’. Most
of the literature articles were fetched thru a study during the years 2017–2019.

52.3.1 Current Understanding and Expectation

Most of the authors and researchers who have explored in the area of design inno-
vation have worked on either value of design as a practice, or the definition of value
from design point of view, or they have looked at the connection between design
and creation of value, etc. As such, these authors and researchers have not explored
‘creation of value’ exclusively and how design (as a practice) can enable ‘creation
of value’ explicitly.

52.3.2 Success Criteria, Research Questions, Hypothesis

Since the scope of study is enabling ‘creation of value’, the criteria for success points
to effective translation of ‘value proposition’ into ‘value realization’. Also, since the
timeline for value translation stretches until the phase ‘Go to Market’ by startup
firms, which is generally of the order of a couple of years from the time business
offering is developed, there exists a need for measurable success criteria.

The research questions include what it means for the design practice to be explicit
with regard to ‘creation of value’. And how the design practice can be explicit with
regard to ‘creation of value’. These two questions are addressed as part of review-
based studies in RC andDS I stages. Additionally, the questions pertaining to support
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Fig. 52.2 Research questions in each of the design research methodology stages

development and evaluation are also included as shown in Fig. 52.2. These questions
are addressed as part of PS and DS II stages.

Towards hypothesis, it is stated that the design practice can be explicit with regard
to ‘creation of value’ by addressing the stages or building blocks in ‘creation of value’.
The subsequent study in adherence with DRM has aided greatly in undertaking this
particular design research as part of doctoral studies in design.

52.3.3 Areas of Relevance and Contribution

The topic of ‘value’ is a subjectmatter in economics. Heskett [7] who fervently talked
about design and creation of value is an economist himself. His notes on design and
creation of value has been published by his colleagues Dilnot and Suzan [8]. Sharon
[15] suggests that it is initially up to the designers to understand economics as lay
people. In addition, perhaps some designers in collaboration with economists to take
Heskett’s work further, to model more fully the ‘creation of value’ from a united
economic and design perspective. Sharon advocates for design to take the initiative
to remedy economic blind spots, as well as for economics and design to work out
collaboratively to yield an integrated, useful understanding with regard to ‘creation
of value’.

On the other hand, a business model refers to the rationale behind creation and
capture of value. Several authors have addressed this subjectmatter ofwhombusiness
model canvas [14] ismost popular. Subsequent authors [5] have organized this canvas
elements in the form of stages or building blocks for ‘creation of value’. Accordingly,
these stages offer a handle for design practice by which it can enable ‘creation of
value’.

Chesbrough [4] describes a businessmodel in terms of six functions. He states that
a business firm with a superior business model and inferior business offering would
do well compared to a business firm with an inferior business model and superior
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business offering. One can infer from his writings that the function of a business
offering is to carry certain potential value, whereas the function of a business model
is to aid in realizing this value.

Johnson and Christensen [12] describe a business model in terms of four key
components. The authors describe value proposition in combinationwith the intended
customer segment. Their emphasis on business viability reflects in the suggested
effort to detail the overall profit formula. The perspective broadly covers all the
important elements that point towards ‘creation of value’.

52.3.4 Type of Research and Research Plan

DRM refers to several types of research with various combinations of study as part of
its stages, namely RC,DS I, PS andDS II. Among these, RC is always a review-based
study. For the research topic that is chosen here which is about enabling ‘creation
of value’, the theoretical basis is found in business model literature. Accordingly, a
review-based study on business model is undertaken as part of DS I. The resulting
understanding is sufficient to undertake support development as part of PS consisting
of a comprehensive study. The DS II includes an initial study towards evaluation of
the developed support.

Overall this amounts to a research type wherein both RC and DS I are review-
based studies, and PS is a comprehensive study, accompanied by DS II as an initial
study. As part of DRM, this amounts to research type 3.

Accordingly, the research plan accounts for review-based studies to arrive at the
theoretical basis for support development. This is followed by a comprehensive study
that includes relating the understanding on design innovation to the insights from
business model literature. Keeping in view of the topic of study, the evaluation of the
developed support is carried out with reference to startups, whose generic mandate
includes ‘creation of value’ for the targeted stakeholders. The scope of evaluation
is limited to design startups because of their ability to undertake creativity-based
designs of their respective business offerings in adherence with standard design
phases.

52.4 DRM Stage: Descriptive Study I—A Review Study

The review-based studyundertaken as part ofDS I includes both the design innovation
literature and business model literature.
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52.4.1 Review of Literature on Design Innovation

An elaborate description of innovation perspective on design, including the policies,
is published by Hobday [9–11]. An overview of design influences on innovation is
covered in the publication on design innovation spectrum [13]. A key reference is a
review publication by Ricardo [6]. As per these authors, design as a practice needs
to be explicit with regard to ‘creation of value’. Another key publication is a book
review by Sharon [15] on ‘design and creation of value’. Based upon these review-
based studies, it is inferred that the current practice of design has focus and emphasis
predominantly on ‘value proposition’ of a given business offering. Accordingly, the
designed offer is likely to have chances for ‘creation of value’ that are taken for
granted. Which means, the actual translation (between value proposition and value
realization) towards ‘creation of value’ may or may not happen.

52.4.2 Review of Literature on Business Model

Businessmodel represents the rationale behind ‘creation of value’. The key reference
is business model canvas [14]. It consists of 9 elements, detailing of which will
result in description of the business model. Further to it, Gunzel and Holm [5] have
organized these 9 elements into four blocks or stages for ‘creation of value’, namely
value proposition, value creation, value delivery, and value capture. Of which, the
last 3 stages combined together refer to the scope on ‘value realization’.

Based upon this review-based study, it is inferred that the extended context of
design innovation expects the practice to address ‘value realization’ as well. Thereby,
the designed offer to have better chances for ‘creation of value’. These scenarios are
captured as part of reference model (shown in Fig. 52.3) and impact model (shown
in Fig. 52.4), respectively. The proposed practice support is shown in Fig. 52.4 in a
hexagon.

Fig. 52.3 Reference model—context of design startups aimed at creation of value
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Fig. 52.4 Impact model—context of design startups aimed at creation of value

Both these models refer to the context of design startups whose generic mandate
is ‘creation of value’ to an intended stakeholder. The match between ‘perception of
value’ and ‘creation of value’ is expected to be better if the focus and emphasis of
design practice extends to ‘value realization’ as well.

A better match between perception of value (by the stakeholder) and creation of
value (for the stakeholder) is the goal behind enhancing the design practice.

52.4.3 Overall Summary of DS I

The extended shift fromdesign-to-design innovation can be enabled by enhancing the
practice for its shift in focus and emphasis towards ‘value realization’, in addition
to ‘value proposition’. The corresponding design concerns are identified in busi-
ness model literature. These include the stages in ‘creation of value’, namely value
creation, value delivery, and value capture.

52.5 DRM Stage: Prescriptive Study—A Comprehensive
Study

The insights from DS I are adapted and made use of to develop the support for
strengthening the practice towards enabling ‘creation of value’.
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Fig. 52.5 Support model—context of design startups aimed at creation of value

52.5.1 Task Clarification and Conceptualization

The stages in ‘creation of value’ are adapted from business model literature towards
the design concerns that need to be addressed by the practice for enablement purpose.
Accordingly, the practice focus and emphasis extends to include the stages, namely
value creation, value delivery, and value capture as shown in Fig. 52.5.

52.5.2 Support Realization and Introduction

Towards introducing the support as part of practice, the stages in ‘creation of value’
are put through the standard design phases as shown in Fig. 52.6. Accordingly, each

Fig. 52.6 Practice support—introduced through standard design phases
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of the stages, namely value creation, value delivery, and value capture, is addressed
by the practice to arrive at corresponding designs that enable ‘creation of value’
explicitly.

52.6 DRM Stage: Descriptive Study II—An Initial Study

The measurable success criteria stated in Fig. 52.5 has been made use of as part of
DS II. This includes interaction with design startups to measure the effectiveness of
the developed Support in terms of their appreciation for enhanced practice.

52.6.1 Evaluation Focus and Plan

Since the topic is about enabling the practice for ‘creation of value’, the research plan
includes initial validation of the Support with respect to the context of startups whose
agenda include ‘creation of value’. Also, since the core of design practice involves
human creativity, design startups were chosen which are capable of undertaking
designs in adherence with standard design phases. Accordingly, the appreciation for
design practice by the Startups is measured towards initial validation of the support.

Startups usually get involved with presentation pitches to prospective investment
firms in their efforts to raise funds. The preparation for the startup pitches can benefit
from leveraging the developed Support. Accordingly, the appreciation for practice
is measured through an interaction with design startups as they resort to investor
pitches. These initial interactions have pointed towards medium to high appreciation
for the enhanced design practice consisting of the developed support.

52.6.2 Evaluation Studies

A series of interactions are planned with design startups whose outcome is yet to be
published in the form of case studies. Overall, the initial evaluation indicates good
prospects for the developed Support for use by startups.

52.7 Summary and Conclusion

This study has covered the extended shift from design-to-design innovation, which
has resulted in an expectation that the practice ought to be explicit with regard
to ‘creation of value’. This particular expectation translates into a shift in focus
and emphasis of the practice on not only ‘value proposition’ but also on ‘value



652 D. S. Lokku and D. J. Mathew

realization’ as well. A handle from business model literature is identified and adapted
towards design concerns that are to be addressed by the practice in order to enable
‘creation of value’ explicitly. These include the subsequent stages in ‘creation of
value’ in addition to value proposition, namely value creation, value delivery, and
value capture, which have become the basis for support development. As part of
introducing the support, these stages are put through standard design phases in order
to arrive at the corresponding designs that would enable ‘creation of value’ explicitly.
Further, the support is subjected to initial validation by applying it with reference
to the context of design startups and measuring their appreciation for the enhanced
practice. The initial results are indicative of better appreciation. Elaborate case studies
in this regard are planned for future publication.
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Chapter 53
Designing Brand-Led Cultures in Small
and Medium-Sized Enterprises (SME’s)
Struggling Through Midlife Crisis

Isha Patel

Abstract Small andmedium-sized enterprises are engines of employment and inno-
vation, contributing to 95% of businesses in most countries. The world of branding
is dominated by large businesses, but there exists a lack of SME perspective on the
subject (Berthon et al. in J Small Bus Manage 25–45, 2008, [1]; Krake in J Prod
Brand Manage 14:228–238, 2005, [8]; Wong and Merrilees in A brand orientation
typology for SMEs: a case research approach, 2005, 15). This study investigates into
challenges of SMEs that limit their understanding and use of brand-led strategies
and states how SMEs can use their own brand to enhance longevity and sustenance
for their companies. It will therefore benefit SMEs across the globe, irrespective of
what sector they belong to. As observed, SMEs have successfully challenged large
corporations by developingmarket-focused brands in the last decade. TheUKDesign
Council has also noted that SMEs adopting a design-led approach aremore successful
than those who do not. It therefore becomes essential to identify the challenges and
overcome them through further research. This research follows a qualitative approach
and expresses a metaphorical relation between humans and SME brands. Brands are
personified and their life cycle is illustrated. SME struggles are compared to midlife
crisis in the human life cycle. It can be said that SMEs are in the same ambiguous
state of mind as humans facing the advent of midlife crisis. The recommendations
made in this study will equip SME leaders to understand their organization from a
grassroots level and benefit through development of a brand-led culture within their
organization, making them competitive through strategic use of their own brand. This
study is attending to identify a much larger gap in the industry, raising a conversation
that has potential for further research.
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53.1 Introduction

Theworld of branding is dominated by large businesses and brands play an important
role in consumers’ daily lives. Small business is big business and has been for the past
four decades as the category has been experiencing a conducive market environment
that is highly competitive [9]. Successful SMEs are capitalizing on new opportunities
of technological advancement, adapting to changing trends and meeting consumer
demands in a rapidly changing world. In the heydays of branding, from 1950 to 1970,
mass manufacturing economy rewarded big brands with profits and big companies
did well. This remains a perceived notion even today as the best company rankings
we see today comprise of only big brands. In the recent years with advancement in
privatization, globalization, and technology, mass manufacturing has been replaced
by customization, leading to growth in SME businesses. With a shift in focus from
big brands to SMEs, it becomes important to investigate their positioning in the
world of big brands. Branding has been studied by economists, marketers, designers,
psychologists, philosophers, and cultural critics as research and practice. Yet, very
few disciplines have understood the concept of branding and leveraged it to its full
potential. Branding is much more than just the identity of a product. It gives people a
reason to believe in something larger than themselves: an idea, an experience, and a
perception of a personality to identify with. If a brand is what a company stands for,
branding is the activity of conveying the company’s product or service. A brand is
the cause and branding is the effect [7]. Although brands are traditionally measured
in numbers, to the consumer, it is the brand’s value that makes him attract or repel it.
The rise in power of markets and materialism has increased the demand for meaning
in people’s life, as consumers and as employees. This has led to a shift in meaning of
branding from a product to a concept. Today, brands enrich cultures, give people new
sense of belonging and identity, and add value to businesses and lives of people, both
socially and culturally [7]. Although this kind of brand adoption is common in large
organizations as corporate culture, SMEs have been resistant to adopting it. While
large organizations are brand-led and are adopting an approach that is termed brand
orientation, most SMEs see brand as one of the many factors in business. In recent
years, only few SMEs have successfully challenged large corporations by developing
market-focused brands. Burson-Marsteller, published its annual ‘Crisis Survey’ that
we are living in a disruptive era with communication facing stormy challenges.
Airbnb, Uber, and Deliveroo are the biggest success examples of disruptors as they
have acquired leadership and consumer appreciation in themarketplace.With design-
led branding at their cores, these are successful examples of small business turned
big, realigning the market in their respective industries to gain leadership. SMEs are
engines of employment and innovation. However, as few as 50% of firms founded in
2011 actually survived beyond the five-year mark. It is therefore vital to understand
the real challenges and opportunities that can shape the future of SME businesses.
There exists a lot of literature on SMEs and branding, respectively, but the integration
of both is relatively new subject [15].
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53.2 Methodology and Research Process

Adapting the double diamond framework, a balance in strategic and creative thinking
is achieved [3]. Since SME branding is an emerging area of research, a qualita-
tive approach allows for the development of insights into the phenomenon to be
studied. Every SME is different and will have its own viewpoint and understanding
of branding.Bearing this inmind, amixof qualitative primary and secondarymethods
was selected to gain an unprejudiced view on the subject (Fig. 53.1).

Pilot Survey
A well-structured and designed questionnaire was shared with 50 SMEs globally to
gain an insight in the subject and understand the current situation of the concept of
branding in SMEs across the globe. The sample group was handpicked, comprising
of SME owners, founders, and employees, equally balanced. However, the responses
were negative in nature, with just few word answers that represented confusion in
understanding terms within business branding marking clear evidence of lack of
interest, understanding, and awareness of branding in small and medium businesses,
motivating further research.

Literature Review
A total of 18 books on branding, 26 journal papers, three reports, four blogs, five
lectures, and multiple Web searches (expert blogs and company websites) were
reviewed to give a rationale to this study with focus on the subjects of branding,
small and medium-sized enterprises, and theories on brand culture.

Fig. 53.1 Research plan. Adapted from Design Council’s Double diamond, 2015
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Case Studies
In this research, 12 case studies were carried out and analyzed. Whilst most of the
case studies were carried out through secondary data, interviews for four of the SME
companies were further conducted and insights from SME leaders were gathered
through semi-structured interviews. The case studies were chosen on the basis of
their use of branding in business as an example of success or failure for topics
discussed in the study. They included companies such as Innocent, Heck Sausages,
Patagonia, WeWork, Ka Sha, Airbnb, and Warby Parker.

Semi-structured Interviews
Four SME leaders and seven experts were interviewed from across the globe. It
was a carefully handpicked list of experts, professors, consultants, and authors in
the field of internal branding and brand culture. They were Nicholas Ind (professor
and author of over six books on branding), Jerome Joseph (also known as the Guru
of Branding in South Asia), Allan Steinmitz (founder, Inward consulting, USA,
with over 20 years of experience on the subject), Ian Ferris (Design Associate,
Design Council, UK and Innovation Director for Co-Innovate at Brunel Univer-
sity, UK), Alejandro Masferer (Faculty at various universities and founder, Trigger
Cards), Rajan Shah (Brand Consultant and CEO, Shah & Partners, NYC), Sahil
Sachdev (Strategy Director with over 10 years of experience globally and Brand
Head, Quiqup), Karishma Shahani Khan (Fashion Designer and founder, KaSha,
India), Dhruv Paknikar (Founder, Dominix, India and Dubai) and Peter Van Groos
(Techpilot, Germany). This mix of experts’ insights on various subjects is discussed
in the study.

Personification as a Metaphor
Use of metaphors in qualitative research is an opportunity to examine a concept from
a unique perspective. It provides structure to the data, to understand a known concept
in a new light [2]. In this research, a comparison of struggling SMEs and midlife
crisis is made. Struggling SMEs are personified in the context of the human midlife
crisis, with an aim to evoke non-creative professionals to identify, understand, and
act on the problem at hand.

Triangulation
This method establishes validity in the study by analyzing the research question from
multiple perspectives to arrive at consistency across gathered primary and secondary
data. Originating in the 1950s as a qualitative research technique, this method limits
potential biases arising from use of a single methodology [5].

The findings from the pilot survey, literature review, case studies and interviews
are discussed in Sect. 53.3.
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53.3 Findings

53.3.1 Design and Branding Are Low Priorities in Most
SMEs

SMEs are an outcome of a great idea, but over time there is a lack of clarity in trans-
lating the idea to its implementation. In technical terms: the idea is innovation, the
implementation is design, the selling process is marketing and advertising, and the
experience it creates for its prospects is branding. The confusion in understanding
the differences in these terms leads to fewer successes as companies cannot leverage
the great assets they hold. Design is often perceived in an aesthetic sense at product
level and not as creative thinking technique, also known as design thinking (IDEO
n.d.). There has always been a survival mentality in SMEs. However, with globaliza-
tion and emerging technologies, there has also been a move toward adopting design
and branding in SME businesses. This movement has been slower than the industry
demands. Even though large organizations and a fewSMEshave been able to leverage
this change and have become disruptive brands, most SMEs have not been able to
understanding branding and its power. Branding is considered an investment to adver-
tise the company. Branding is perceived as a logo and collaterals to be circulated in
order to increase sales and awareness,which canbe noted as amarketing activity since
it follows an outside-in approach building an outer image, without identifying and
leveraging the brand’s core purpose. It can be concluded from the research findings
and interviews conducted in this study that SMEs perceive design and branding as a
short-term cost and not as a long-term investment of time, finances, and resources. It
is considered a luxury if a brand can spare finances for brand building [11]. Organi-
zational management and culture are poorly strategized and designed in SMEs and
are often based on the leader’s vision and gut feeling. The focus in completely on
making profits by sale and marketing and is outside-in, which makes for poor or
weak communication strategies and is limited to an exterior image— often different
from what the brand really stands for. Most of the focus, talent, and time is spent
on short-term activities. Branding, in most SMEs is not prioritized and less or no
funds are available for investing in design and branding practices like brand strength-
ening, positioning, building an integrated internal culture, recruitment, mentoring,
and conducting regular audits to keep the firm’s equity maintained (Fig. 53.2).

53.3.2 Lack of Focus on the Fundamentals of Business

Secondary sources from reviewed literature have clearly stated that SMEs have a
poor articulation of their business, leading to poor delivery. This is a circular process
and needs further attention. In his book Start with Why (2009), Simon Sinek explains
how the human brain works. Companies are in business to deliver to their customers
and to improve business performance, they need to understand the mental model of
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Fig. 53.2 Adapted from
Danish Design Ladder
(2001) and Wong and
Merillees Brand Orientation
Ladder (2005)

consumers. Hence, the articulation of why a brand’s purpose and core values are
important and the need for further development in the subject is required as they are
closer to their consumers than most corporations, owing to their smaller size. Sinek’s
concept discusses a simple yet powerful principle of success. It all boils down to the
leader’s mentality and ability to inhibit change. If the leadership is functional and
fundamentally strong, internal branding is strong and employees are happy towork at
the company, increasing productivity and efficiency. This also enhances collaboration
and cultivates a creative culture that aims to solve problems innovatively rather than
superficially. The decisionmaking of the company that follows in inside-out approach
will be vested in the employees and the leaders collectively, with holistic rather than
individual benefits and leader’s vision alone.An inside-out approach is open, flexible,
and keeps relevance to changing trends and competition as it is not just the leader or
leaders but also the employees’ strengths that are responsible for the brand’s success
and failure. The employees in the company will therefore work because they believe
in the brand and not solely for financial benefit (Fig. 53.3).

Fig. 53.3 Adapted from
Simon Sinek’s ‘Start with
Why’ (2009). The Golden
Circle poses the question
‘why?’ to identify the
purpose, ‘how?’ To
implement the purpose, and
‘what?’ To sell. Most SMEs
remain on the outer ring of
this circle, unable to
articulate the brand’s purpose
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53.3.3 Poor Leadership

Every source of research for this study haswidely identified leadership as a root cause
for an SME to accept or resist change, impacting its ability to grow and succeed. Due
to the small size of the company, an SME will aspire from the vision, perception,
and leadership of the managing person unlike larger organizations where a corporate
culture is developed as a discipline for one and all. As the business grows, it becomes
the leader’s job to personify the company as an extension of his personality to spread
the ‘why’ of the brand to his employees for the company to grow [10–12]. He is
responsible for conducive settings to ensure that employees are at the core of the
company’s decision making as it is their implementations that produce an outcome
and their productivity depends on their engagement andmotivation.Appreciation and
participation play a huge role in efficiency and can only be initiated by leadership of
the company. Adaptation is key. It is up to the leader to take his employees with him
and not beneath him to build a closely knit, well-functioning, coherent team which
is culturally brand-led to be innovative, disruptive, and successful in a competitive
world.

53.3.4 Majority of SMEs Do Not Refer to Theory
and Research

Nicholas Ind mentioned that he has not come across any SMEs that read research
or published articles or follow any resources or frameworks. In the case studies and
SME interviews conducted in this study, it was found that SMEs rely on the leader’s
directions, which are an extension of his gut feeling. Leaders and employees do not
immerse in research activities and existing theoretical and practical tools that can
give them a push in the right direction. They find academic tools ‘tedious’. Owning
to the limited time, resources, and talent in the organization, an ignorance is exhib-
ited toward constantly evolving consumer demands, advancing trends, technologies,
and relevant case studies that could benefit and ease their business’ operational and
functional activities, therefore making short-sighted decisions.

53.3.5 Brands Are Personified Humans

From the findings, it could be said that SME brands, if metaphorically compared to
humans, behave in similar ways. They can be personified as humans as they have a
character and personality of their own, unique from any other brand, which is the
reason for their existence. Like humans, brands tend to have a life cycle, a voice
of their own to communicate, and an intuitive and intrinsic ability to grow which
is led by character and personality. They have an emotional, physical, cognitive,
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Fig. 53.4 Adapted fromMaslow’s Hierarchy of needs: individuals versus small businesses. Source
New venture mentor (2018)

and intellectual aspect that is determined by the values they believe in. Recently,
it has been noted that few successful brands have started to display more human
characteristics and sound less like businesses [4,13]. Brands are made by humans
for humans and for human survival. The common factor that connects brand to
humans is the human connection. Like a person has a story to tell that is based on his
experiences, brands have their own story to tell based on their values and purpose.
Humans make connections with each other by connecting emotionally over stories,
experiences, andmeanings that their relationship silently creates for themselves to be
able to evolve in that space. Similarly, brands can only connect with humans through
experiences and storytelling that provide meaning and accumulate a high degree of
loyalty by becoming like a religion or a culture. The stronger a person’s personality,
the stronger is his impression amongst people. In the case of brands, the stronger the
vision of the business, the more distinguished its culture becomes. For this research,
the personification of brands is limited to SME brands. Due to their smaller size and
non-corporate existence, they have more human qualities than large organizations
which are evolved entities on their own, having their own corporate personality. An
SME is an extension of a leader’s personality and vision and can therefore be more
closely related to human behavior (Figs. 53.4 and 53.5).

53.3.6 Midlife Crisis

Dr. Elliott Jaques (1965) explains midlife crisis as a psychological stress occurring in
the middle age of a human’s life, triggered by a physical, occupational, or domestic
event. It tends to be a triggered realization that his life has passed the halfway point
and the experience of change. It is an introspection of oneself, taking into account
life until now and the future ahead, often in a negative light. Psychologist Carl
Rogers explains that midlife crisis occurs when the gap between the congruence
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Fig. 53.5 SMEs are in the same ambiguous state of mind as a human facing the advent of mid-life
crisis

in a person’s actual behavior and his ideal self grows larger. In simpler words, it
is a state of disorientation in a person’s life. As much as it is a turning point in
a persons’ life, it is perceived as negative because of the use of the word ‘crisis’,
but it can be turned into an opportunity to take responsibility for learning about
oneself and by making conscious decisions rather than impulsive ones [14]. Having
established a similarity in humans and brands, it can be concluded that brands and
human follow life phases which can be quite similar. As a typical phase, midlife
crisis is not only confined to humans, but also brands too. Findings suggest that it
becomes difficult for a company to sustain itself and evolve after being established
into a structural organization. A reason for this is an unarticulated organizational
and operational approach that conveys unclear messages to prospects. As an SME
matures, it too suffers frommidlife symptoms like anxiety, disorientation toward their
future, denial, depression, and anger in its own way. SMEs specifically suffer from
an ambiguous state of mind as they reach the tipping point from which they either
progress or begin to wither. It is in this phase of introspection into the company’s
brand that it needs to become aware of the crossroads the company is at and how
gaps can be filled holistically.

53.4 Triangulation

Gathering findings found from primary and secondary sources, discussing and
analyzing them, it can be concluded that:

1. SMEs need a well-defined and refined meaning of branding that is clearer than
the many definitions available. In simpler terms, they need to understand the
purpose of their business and howneatly and innovatively they can communicate
this to their audience through experiences.
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2. Available research, theory, and books do not focus on SME branding, but on
branding for large organizations, also termed as ‘corporate culture’. Also, SMEs
do not refer to research as it is time-consuming and tedious. It requires expertise
to understand the technical use of language that is most often outside their field
of knowledge. They need low-investment, user-friendly, and easy to adopt tools
that can be a combination of theory and practice, owing to their dynamic nature.

3. SMEs are incompetent of and unwelcoming to radical change. The solution
should therefore be gradual in nature, bringing a slow transformation, which
can be more easily acceptable by all in the organization.

4. Leadership is the first point of adaption and evolving for SMEs, as the company
is often an extension of a leader’s vision. It is important for leadership to be
persuaded that he needs to be introspective, identifying and dealing with prob-
lems and gaps in the existing process in order to have the employees follow.
Change trickles top-down in SMEs.

5. SME leadership and employees are not always creative-minded professionals
and need to be triggered to think distinctively, not analytically but creatively.
The solution should therefore be provocative in nature for more efficacy and
efficiency amongst the company.

6. The solution needs to be simple but immersive in its content, targeting every
aspect of human and brand decision making.

7. SMEs are similar to humans in behavior and can find practical solutions that
lead to progressive theories if personification as a theory is used to seek answers.

It can be concluded that if SMEs understand the relationship between the func-
tioning of brands and humans better, they will be able to make more impactful
decisions. It can also help to bridge the gap between understanding the vast amount
of research on branding on the one hand and the less available information on SME
branding and culture on the other hand. From this point onwards, this paper will
therefore focus on explaining the human brain before making any recommendations
that link together humans and brands. The circular framework in below in Fig. 53.6
represents the human brain and how it thinks and reasons, and its adaptations to
humans and personification to brands, which, again impacts the human brain to
be decisive on the experience it has had with the brand. Hence, a human-centered
approach needs to be the basis for developing brands and evoking a brand culture
around it. As established earlier, culture is formed as a reflection of the brand and it
governs the brand space of that company. Everything that a company buys or sells
is for consumers to buy. Therefore, the understanding of human behaviors, needs,
demands, reactions, and actions is important for companies to be brand-oriented in
their strategies. Brands play an important role as a differentiator and should translate
the uniqueness with a human-centric approach. By doing so, they also add value
and meaning to the offering that a consumer can relate to, influencing their buying
decision. The product/service is then used or not by the consumer, depending on the
experience he has with the brand. It is a chain reaction, by humans, for humans with
a human personification (brand). This circular ecosystem is a continuous process and
it is important to target existing gaps in this ecosystem, here, the midlife crisis.
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Fig. 53.6 Illustrating the relation between branding and humans by analyzing the relationship of
how human brain works and can affect and be affected by branding approach

53.5 Recommendations and Conclusion

53.5.1 Recommendations for Toolkit Development

Based on the previous discussion and the synthesized framework showing the transla-
tion of values from the human brain to brands and back to the brain, recommendations
for a strategically designed toolkit have been established. This toolkit should aim to
foster brand-led cultures in SMEs struggling through midlife crises. Branding is a
holistic process and focusing on only one aspect risks overlooking others. Therefore,
the solution is a strategy toolkit with distinct phases, each connected and translating
seamlessly to a recommended strategy. Each aspect of the strategy is a metaphor
to midlife crisis. The terminologies, content, and visual outlook are aimed at iden-
tifying, understanding, and acting on midlife crisis. The toolkit should consist of
thought-provoking, discussion-evoking questions for teammemberswithin the SME.
Exercises should act as triggers for rediscovering the company’s core values subcon-
sciously. It aims to take the pressure off hierarchy and to bring members within the
organization closer, to answer questions that can help all identify the organization’s
personality, and be at the same level of understanding. It will build, evolve, and define
the brand for the SME. The toolkit is a work in progress but the flow of the toolkit
would be as shown in Fig. 53.7. The metaphor of a midlife crisis which is commonly
understood by most people is strongly used. The tone of voice of this toolkit will
reflect that as shown in Fig. 53.7.
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Fig. 53.7 Work in progress flow of the toolkit that is currently being expanded into tools and
resources. Furthermore, a system will be developed

53.5.2 Recommendations for Future Research

In future research building on findings from this study, the following recommenda-
tions can be taken into consideration:

1. The study can be further developed, especially the recommendation section as
it has potential to be a fully functional practical solution to integrate the use of
design and branding in SMEs.

2. A psychologist’s opinion can further be implemented to develop strategic
questions for the recommendation.

3. The recommendation strategy needs to be validated further by experts and an
experimental try-out can be conducted.

4. The concept of midlife crisis in SME brands is relatively new and has potential
to become a trend and a solution for businesses to realize the importance of
being brand-led and culture-driven.

53.5.3 Conclusion

This study is a result of lack of study in the subject of SME branding, despite the
growing importance. Through primary and secondary sources of data collection,
it can be concluded that there exists a lack of research in the sector and that the
concepts of branding are ill defined for SMEs. They do not base their business’
decision making on existing research, but it is an extension of the leader’s vision and
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personality. The study has usedmetaphorical relevance to develop a recommendation
strategy personifying SME brands to identify their struggles with midlife crises. The
recommendation is a conversational strategic toolkit provoking SMEs to identify the
situation and take action, first as a leader and then as a team to evoke discussions and
creatively develop a brand for themselves that can become a culture for employees
and consumers to co-exist.
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Chapter 54
Understanding Bodo Identity in Their
Handloom

Maneswar Brahma and Utpal Barua

Abstract According to S. Endle, the Bodos are one of the largest ethnic commu-
nities among the Indo-Mongoloid origin of Tibeto Burmese language family and
the largest single speaking ethnic community in North-east India. The community
has significant traditions of visual culture, particularly of wood carving, handloom
and textile, craft works, horticulture, and folklores. The community also had wide
knowledge in weaving garments from grasses, fibers and cotton, what they grew
from silk, both wild and domesticated. It is significant that the silk of sericulture was
introduced in north-eastern states of India, many centuries before the arrival of Vedic
Aryans by the ancestors of Bodos (Endle 1997). However, the new generation of the
Bodo community rarely follows the ancient cultural practices due to lack of preser-
vation, documentation, and research of about the art and artefacts of this community.
“Considerable amount of changes has taken place in the dress outfits not only the
male section but the female section as well. Similarly, the art of dying yarn and
cloths which was a community secret of the tribe is gradually fading out”. (“Tribe of
Assam Part- I” by Bordoloi et al. [Bordoloi B.N., Sharmah G.C., Saikia M.C.: Tribe
of Assam. Part-I. B. N. Bordoloi, Guwahati (1987)]) So, this paper evolves from the
research gap through a critical review of the limited literature available in the field of
Bodo handloom design, understanding of Bodo community, and philosophy of the
culture.

54.1 Introduction

As an ethnic community, the Bodo is one of the largest of the Indo-Mongoloid
origin of Tibeto Burmese language family. The Bodo language is single largest
speaking language among of the other communities of northeastern states of India.
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Bodos are considered to be the sons of the soil in Assam and culturally rich [1].
The Kacharis are different in many ways from their Hindu and neighbors in things
like material and moral living of the life. He said that in general appearance, they
bear some resemblance to the Nepali, and as a rule shorter and stouter than the
people of North-West India, and well-shaped to bear up against physical fatigue and
hardship [1]. The physiognomy and figure show a distinct approximation, which
known as the Mongolian type. Bodos are well fitted for all forms of outdoor labor
that require for agriculture and other cultural works capabilities and they are more
reasonable to be regarded as the ‘navvis’ of Assam. Bodos are known as Kachari too.
Kachari are the aboriginal or earliest known inhabitants of the Brahmaputra valley. In
Brahmaputra valley, Kacharies are known as Bodo or Boro ‘fisa’ (sons of the Bodo)
and in North Cachar Hill, they are called themselves Dimasa [2]. Again, Bodos are
known as Kirata, Kacharies, and Miecchas. Sir Edward Gait has written that “the
earliestmentioned king ofKamrupawas namedMahirangDanabwhowas succeeded
in turn, in the direct line by Hatak Asura and Ratna Asura” [2]. The earlier kings of
Assam were belonged to Non-Aryan tribes and known as Danavas and Asuras [3].
Ancient Indian literature like Mahabharata and Ramayana also narrates the story of
Indo-Mongolian and the Sino-Tibetan peoples as ‘Kirats’. In Kalika Purana, there is
beautiful representations of Kiratas and describes them as short stature, golden color,
shaven head, rough skin, and addicted to meat and local drink. Vedas like Yajurveda
and Artharveda also describe about the Kiratas.

Thus, the community continues following with rich cultural heritages and cultural
dialects. The cultural dialect and cultural heritage are subsequently a subject of
recollection having newapproachof research.Here,we are trying to do such approach
of research by collecting designs of motifs and patterns of handloom. Design and
pattern of weaving material establish the cultural and community identity. Besides
the cultural identity of the community, it speaks the understanding of the socio-
economic state. The discussion in an intended manner of this paper is to understand
the Bodo identity in their handloom.

54.2 Literature Review

54.2.1 Bodo Religion

Bodo is an aboriginal community; its origin of religiosity and religion is ‘Bathou’
which is based on five philosophical principles and, respectively, the five principles
are ‘Ong’, ‘Hring’, ‘Khling’, ‘Fwt’, and ‘Che’ [4]. In Bodo language, the ‘Ba’ means
five and ‘Thou’ means deep spiritual things, and it indulges the consciousness of
individual’s ‘self’ and introspection. Subsequently, the five principles consider the
consciousness of self-realization and self-introspection. Scholars like S. Endle, Dr.
Liladhar Brahma, Dr. Kameswar Brahma, and others also have same comprehensive
opinion considering the study on Bodo religion. There again they have deciphered
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and researched by saying that the Bodo religion is animistic. The animistic religion,
the Bodo had the first imaginary gods, who worshiped in earlier age. These five gods
are named as Ailong (the god of earth), Agrang (the god of water), Khwila (the god
of air), Sanjabwrlee (the god of light), and Rajhkumbree (the god of sky). There
is a historical trace and folk narratives which are of local narrative to narrating in
colloquial lingo that represents and sayingof the primitiveBodo calledMwnchinchin.
The Mwnchinchin is considered of five states of consciousness. These five states of
consciousness are Saithi (peace), Laothi (control of mind), Nalathi (cooperation of
the mind and body), Maothi (activeness), and Sonathi (dearer) [4].

Bathou dharma speaks about the creation of the universe, the philosophy, and its
belief. In Bathou dharma, there is a belief that the absolute vacuum was the prior
state to the creation of the universe and there was an existence of vacuum, the only
Almighty, the Anan Gosai (the eternal God). Who became of His formless existence
and so he desired Himself by taking a form of flesh and blood. The following spiritual
words are surged in His consciousness: [4].

• Laoba laoswm
• Khaoba Khaoswm
• Ada Gwswm
• Dwiao Barswm

The verse connotes themeaning of ‘ohmind the great!’ Take to you the five organs
of perception and control the organs of action to jump into the worldly ocean. In the
reference, ‘Lao’ means organs of perception and ‘Ba’ means five. ‘Laoba’ means
five organs of perception. Similarly, ‘Khaoba’ means ‘five organs of action’ and
‘Khaoswm’ means ‘to tie with’ i.e. ‘Khaoba Khaoswm’ means ‘to tie or control the
five organs of action’. ‘Ada’ means elder brother or the great and ‘Gwswm’ means
Mind, hence the mind is elderly addressed to tie or control the five organs of action.
‘Dwiao’ means ‘into water’ while ‘Barswm’ means ‘to jump into’ [4].

The important shifting of the social and religion of the Bodo- Kacharis’ can
be seen since the nineteenth century. Since the nineteenth century, the shifting of
Bodo religion has transgressed into two ways; first one is Christianity and second is
the Brahma Dharma. Though the conversion was going on in later periods, but the
Brahma Dharma also was on reachable path for preaching to till modern days. And
the traditional animistic belief that continued to guide the religious philosophy of
Bodo-Kacharis began to change by the preaching of Guru Kalicharan Brahma who
was inducted to the Brahma belief [5].

The conversion to the Brahma cult paved the way to bring the larger sections
of followers to the wider fold of the Vedic Sanatan Dharma and it was possible to
carry out a social revolution among the Boro-Kacharis residing in and around the
district of Goalpara with epicenter at Kazigaon in Dhubri Subdivision (it was then
comprised of the present Kokrajhar district as well). It was a movement for total
change of outlook in all fields- social, religious, political, economic and educational.

The living hood or basic survival of Bodo community, since its inception of human
culture has been based on agriculture and been followed that way since. Thus, they
were settled agriculturist, empowering two ways like broadcasted and transplanted
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of variable of paddy which accounted the skill of irrigation by the dong system. The
community also was comprehensive in weaving garments from grasses, fibers, and
cotton, what they grew from silk, both wild and domesticated. It was significant that
the skill of sericulture was introduced in North Eastern India, many centuries before
the arrival of Vedic Aryans by the ancestors of Bodos [1]. The Bodo community is
predominant in the commercial production of silk and Endi cocoons and finished
products from Endi yarn. Spinning of Endi yarn and weaving is household industry
and every woman of the community is skillful enough to express in the finer art of
handloom craftsmanship. According to him, yellow color is favorite choice of Bodo
women which is significantly visible in their dresses, specifically in their ‘Dokhona’.
And other dresses they wear during ritualistic dance/performance like ‘Bagarumba’
and ‘Kherai’ which shown very artistic taste and decor of the tribes as a whole.
Observing the present context, he mentioned that in the course of fashion designing
and globalization, the considerable changes have been happening in the dress outfits
not only of the male section but in the female section as well [5].

54.3 Research Gap

Themajor gap of the subject (handloom design, visual element and symbolical repre-
sentations and analysis, etc.) is its cultural interpretation and propositional analysis
of dialectical paradigm and cultural value. It is intended from this research gap that
the researcher would like to focus only on study and understanding of visual elements
related to Bodo handloom.

54.4 Aim

A study to understand the cultural identity and the meaning of its visual repre-
sentations, through the visual motifs present in the handloom designs of the Bodo
Community by having the example of Bunduram design (it is a significant form of
design being weaved on various cloths of the Bodo Community).

54.5 Methodology

The basic methodology will be ethnographic research and descriptive research.
We have followed primary documentation process to collect the data for above-
mentioned subject. To do so, we have gone through many villages, few particular
families, weaving centers and NGOs to make visual documentation of the old cloths
and newer cloths of the Chirang and Kokrajahar districts. In this case, we have had
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photographic documentation, video documentation, and individual interviews (Semi-
structured) with older people and weavers of the community. During our data collec-
tion, we have found few significant old collections of cloths (like Aronai, Dokhona,
Pasra, Pali, Sadar and Gamocha) which are indeed rare collection and preservable
cultural product. We met weavers of Manas weaving center of Nichima village,
Chirang district, The Ant NGO of Rowmari, Chirang district, Weaving center Bijni
Khabli Bagan Chirang district and Still Rout Weaving Center, Bagan Chali, Kokra-
jhar district. And had talked and interviewed of shopkeepers, weavers of Kokrajhar
and Chirang district. The interviews conducted with these people were intended to
understand the seven tradition of Bodo weaving culture and acquire knowledge of
the heritage. And how does the same culture survive in this age? Many of them had
enlightened us by saying its present scenario and considerable condition for survival.

54.6 Analysis and Discussion

“The art of spinning, weaving, and handloom embroidery of the Bodo women are
never inferior to another race of people all over India. They know the art of swelling
embroidery in their clothes and costume,” said Dr. Kameswar Brahma. The Bodo
womenweave various kinds of clothes for household use and business purposes. Few
of them are—Zi Gidir (big cloth), Sima (use as bad cover and general use), Endi Si
(endi cloth), Dokhona, Gamsa, Alon, Aronai (wrapper on neck), Zwmgra (women
wrapper on body), Sadri, Phali (hand-car-ship), Aranga Si (table cloth), Sopha Si,
Si Gudung (Wool cloth), Gandu Si (pillow cloth), Daothu Godo (design of doves
neck), Phareo Megon (design of pigeons eye), Pahar Agor (design of hill), etc. [6].
They weave ancient traditional motif designs in dresses of the Bodo community that
consist of—Mwider Agan (design of elephant foot prints) and Mwcha Agan (design
of Tiger foot prints) which are currently not seen in present motif design of their
practice [7].

The new generation of the Bodo community rarely follows the ancient cultural
practices due to lack of preservation, documentation and research of those Art and
Artefacts of the community. In their choice of dress, the Bodo women show a certain
fondness for colored garments and acquaintedwith the art of dyeing (blue and various
shades of red) being supplied from leaves or roots of tree. He said that the male
persons of young and old generation put on Gamcha, woven at home. During winter,
they use to wrap the body with a wrapper of cotton or Endi spun and woven at home.
This wrapper is known as Jumgra or Madamni Gamcha. They also use a banian,
a sort of coat of cotton or Endi. According to him, such dresses of the Bodo male
persons are now found rare. In the same book, author said that the women of the
community formerly and even now tie a cloth round the chest just below the arm
that hangs to the toe, which is called Dokhona. If it is plain, then it is called Sala
Matha and if it is ornamented, it is called Dokhona Thawsi. Dokhona Thawsi is
essential dress of the bride to wear during marriage ceremony. He observed that
this type of ornamented dress is now not easily found. The popular designs of the
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ornamented Dokhonas are many in number. The most popular Dokhona are Daothu
Godo (designs of dove’s neck), Phareo Megon (designs of pigeon’s eye), Pahar Agor
(designs of hills scenery), and Moider Agan (designs of elephant’s foot print). The
orange, yellow, and sky colors are their favorite colors.

In the view of [1] “one would be astonished to know about the art, craft and
weaving skill of traditional Boro-Kacharis. For example, a kind of aria pachara, made
of endi thread, which gets from eri worm still has a great demand among the people
of Assam. But with the advent of modern textile technology their primitive weaving
process is being swept away. Nowadays, many Boros are attracted toward the power
loom. So far as agricultural economy is concerned, it is difficult to ascertain the era
of traditional hoe cultivation (jhum cultivation) of the Boros.” The Bodo dancers
use Dokhona, Aronai, Rege-Regang, Janji Khanai Fali (wide belt made of cloth)
and blouse. And latest are attractively hand-woven and beautifully embroidered.
Embroidery is made by handloom.

The cultural representations are not only of the products of handloom, besides that
there are lots of products or representations. But in truth, such products are getting
important place in market. The market value or economic value is becoming eye
catching part in today’s living. So, the same cultural-economic value of the past is
yet refuting and transforming on a new format of homogeneity.

Weaving in the Bodo community bears a significant role. In the ancient time,
Bodo woman without weaving expertise was not give due respect in the society.
From ancient times, Bodo women have been using dresses and materials which are
hand-woven by them. They create splendid design on their traditional dress materials
which are woven with the help of handloom and some other tools (Figs. 54.1, 54.2,
54.3 and 54.4).

This type of design represents high quality of creativity. While producing dress
material and creating magnificent design on their dress materials, Bodo women use

Fig. 54.1 Samples of Sadar
collected from Kokrajahar
Musuem (BTAD). Name of
the object: Sadar (with
Bunduram design)

Fig. 54.2 Samples of Sadar Collected from Kokrajahar Musuem (BTAD). Name of the object:
Sadar (with Bunduram design)
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Fig. 54.3 Name of the
object: Aronai, designed of
the hill on Bunduram

Fig. 54.4 Name of the
object: Aronai, designed of
the hill on Bunduram

certain type of tools which are made of bamboo and wood. And those design motifs
represent naturalist forms and eclectic aesthetic significance. The design Bunduram
weaved in a Sadar represents the symbol of tree leaves and flower leaves with various
colors. For doing such, Bodo women recollect their traditional narratives which they
found in their lively culture. Even they weave Bunduram design on various cloth and
narrate other naturalistic representations like hill, bank of the river, etc. The artistic
notion is that they represent through the weaving, their familiar surroundings in
which they live. When we look at these types of designs, then we find their cultural
and geographical identity which are been portrayed in their designs. Color which
they used are all hue, what always speaks and narrates the ethnic beauty and eclectic.
Besides of all, there is another significance that is about of the season, in which they
live for weaving and render the following season of spring, summer, and autumn.

Aronai (Fig. 54.5.) is a small scarf used by both man and woman. Aronai symbol-
ized the Bodo tradition and is used to felicitate guests with honor as a gift. During
their traditional performance and dance, it has been used. In ancient time, Bodo
warriors used Aronai as a belt in the battle field. At the time of war, Bodo women
weavedAronai within a single night and presented it to the warriors as they set out for
the battlefield. And it represents the belief of victory. The use of hue color represents
the ethnic eclecticism and purity (Fig. 54.6).

Again, this subject will lead to understand the present cultural alienation, identity
politics, suppression of gender politics, and other cultural over empowerment. The
technological progress and upheaval are another threat to ethnic cultural unity and
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Fig. 54.5 Different designs
on the cloth piece called
Aronai

Fig. 54.6 Jwmgra (Rege-
Regang), Bodo women use
Jwmgra (scarf) to cover
upper portion of the body
(length around 2.5 m, width
around 1 m

eclecticism. Hybrid culture and globalized market is ceasing day by day the local
products and productivities.

54.7 Conclusion

This work will signify multidimensional subjects of ethnic community and homo-
geneity of cultural plurality. Ethnic community study is in modern and contemporary
academic discourse should open up the idealism and concept of open culturalism
which is in truth inherited into the ethnic community, culture, and living hood. And
need topave away to sustain this heritage steppingupan alternative cultural synthesis.
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Chapter 55
Entrepreneurs Motivation for Selecting
Homestay Businesses: Special Reference
to Ella, Sri Lanka

C. P. Danthanarayana, T. G. A. H. C. Amarawansha,
and P. G. M. S. K. Gamage

Abstract Sri Lankan tourism industry is one of the key important sectors to develop
within the country. Ella is one of the destinations which has recently become
popularized with its attractive and unique geographical features, chilling climate,
and authentic local lifestyle. Homestay accommodation is playing a major role in
fulfilling an excess demand for accommodation in Ella and it is contributing to the
economy of small and medium entrepreneurs (SMEs). The main objective of this
study is analyzing push and pull motivation factors of entrepreneurs to select home-
stay business in Ella. Primary data has collected from fifty homestay entrepreneurs
and researcher used semi-structured questionnaire to collect data. Confirmatory
factor analysis has been used to analyze the data. The study revealed that, to generate
additional income is the primary push factor which is pushing entrepreneurship by
negative external factors. Enjoyable things to do in the homestay accommodation
business can be identified as main pull factor which is attracting entrepreneurs to
homestay businesses. Apart from that, this study identified some issues and chal-
lenges which entrepreneurs have to face when they are doing homestay businesses
such as lack of security, lack of facilities, competition with unregistered home-
stay operators, lack of service orientation, difficult to maintain the standards, not
enough training to manage homestays, language barriers, lack of cross-cultural
understanding, lack of brand image and marketing activities, lack of accessibility
for transportation and communication, and lack of monitoring from the ministry and
Sri Lanka Tourism Development Authority (SLTDA). Basically, this study reveals
the reasons of entrepreneurs to start homestay businesses in Ella, Sri Lanka. Rele-
vant authorized parties can be involved and analyze the challenges and issues of
homestay entrepreneurs and required to give solutions for them as well. Finally, this
study suggests innovative practices for homestay entrepreneurs to face identified
challenges and problems and become more unique business in the industry.
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55.1 Introduction

55.1.1 Background of the Study and Problem Statement

Motivation is playing a major role in new business creation [1]. Lack of empir-
ical research on entrepreneurial motivation can be seen among scholars [2]. An
entrepreneur, a person who is self-employed, taking personal challenges, innovative
and creative, starting, organizing and managing the business, and taking business
responsibilities. Always they are taking the risks related to the business such as
financial and market risks. Selecting entrepreneurship as a career is a challenge itself
because the entrepreneur has to face uncertain everyday life and work situations
which can be caused to failure and frustration toward the new business creation [3].
A number of researches have conducted researches on investigating the motivation
which drives people to take risks and uncertainties to become entrepreneurs. For that,
this study is investigating the component of motivation which is contributing toward
the individual decision to become an entrepreneur.

The tourism industry in Sri Lanka is the most important sector for the country
as the third-largest foreign exchange earner in 2018 [4]. The number of tourist
arrivals for the country is increasing yearly and in 2018, foreign exchange earn-
ings increased 15.9% compared with the year 2017 [4]. Sri Lankan government
has identified that tourism as one of the main sectors which contributing economic
growth, generate employment opportunities, earn foreign exchange earnings, attract
foreign direct investments, and enhance the livelihood of the community. As one of
the key tourism destinations in South Asia, the Sri Lankan government has collab-
orated with the private sector and local communities in destination marketing and
promotional activities.

Sri Lanka is enriching with a great culture and local communities are playing
a major role in actively promoting traditional culture among tourists. The govern-
ment has encouraged local authorities to make efforts to introduce community-based
tourism, rural tourism, and homestay tourism by developing and diversifying tourism
products and services. Homestay tourism is a kind of cultural tourism based on the
rural culture, which has developed by diversifying cultural tourism and to contribute
to the economic well-being of the local community. Homestay business directly
brings benefits to the local community by providing employment opportunities and
improving the quality of work-life of the local people [5]. Past researcher [6] stated
that homestay businesses are providing accommodation opportunities for budget
travelers while making an income source for tourism operators. It is an important
method of tourism since tourists can directly contact with the local community,
living style, and traditional culture while keeping financial benefits within Sri Lanka
without any leakages to the other countries.

Homestay can be categorized under supplementary establishments and in Sri
Lanka, total capacity is including of 1855 supplementary establishments by the year
2018. It has increased the accommodation capacity by 9.56% while having 13,457
rooms in 2018 [4]. Homestay accommodation will be provided opportunities for
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tourists to experience the rural lifestyle and authentic culture in the host community
while closely relating to nature, traditions, and local customs. Since the homestay
sector is contributing toward economic development, micro-, small-, and medium-
scale entrepreneurs are trying to participate with the homestay businesses. Therefore,
there is a question of what motives these small-scale entrepreneurs to attract home-
stay accommodation businesses in Sri Lanka. Still, there is a lack of studies that
examined the motives of entrepreneurs in these kinds of businesses [7]. In the Sri
Lankan context, different studies have focusedonhomestay accommodation services,
restricted to homestay potentiality, homestay accommodation supply, difficulties, and
challenges related to the homestay and restricted to some areas such as Meemore
[8, 9, 10, 11]. Therefore, this study is to overcome the restrictions and limitations of
identifying real motives to select homestay business as entrepreneurs by considering
push and pull motives.Moreover, it is discussing challenges and real-world issues for
homestay businesses which are restricting the attractiveness of entrepreneurs toward
homestay businesses and how innovative practices can be used as entrepreneurs to
face these challenges. According to the researchers’ perspective, this study greatly
contributes to the hospitality and tourism sector since it is providing a huge opportu-
nity for the local entrepreneurs to make innovative marketing and strategic decisions
based on information provided by the study.

55.1.2 Research Objectives and Questions

In the study, it is focusing on small andmedium entrepreneurs in homestay businesses
and seeking whether motivators most frequently suggested by empirical researches
employing the push–pull model of entrepreneurs in different business sectors can be
applied to the homestay businesses in Sri Lanka. The main objective of the paper
is to identify the motivation factors of entrepreneurs to select homestay business by
confirming factors through push and pull factor analysis. Apart from that, the research
study is focusingon the problems and challenges that entrepreneurs are facing in oper-
ating homestay businesses as well as how entrepreneurs should face these challenges
with innovative practices. Therefore, to achieve the objectives, this study addressed
the research questions of, what are the push and pull motivational factors of home-
stay accommodation entrepreneurs?What are the challenges and problems homestay
accommodation operators have to face when they are doing business specifically in
this industry? And how entrepreneurs should face these challenges with innovative
practices.
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55.2 Literature Review

55.2.1 Hospitality and Tourism Industry in Sri Lanka

The tourism and hospitality sector considered as the major and it among the world’s
largest industries, employing 250 million people around the world and generating
more than 15% of global GDP. Tourism is a highly varied sector that includes tour
operators, accommodation providers, transport, caterers, leisure activities, and enter-
tainment. According to a United Nations report [12], compared to other sectors of
the global economy, the hospitality industry is one of the fastest-growing industries,
which has marked more than one-third of the total global services trade. Moreover,
the hospitality industry is much broader thanmost other industries [13]. Themajority
of business positions are collected of only a handful of different businesses, although
this industry applies to nearly any company that is focused on customer satisfaction
and meeting leisure/recreation needs rather than basic ones.

Furthermore, this industry is identically broader than other conventional indus-
tries. The number of tourist arrival and tourismactivities is affecting bymaking a huge
impact on nationalGrossDomestic Production.When concerningSri Lankan tourism
contribution to the economic development of the country, it offers new job opportu-
nities and creates new source of income by developing infrastructure. According to
Sri Lanka Tourism Development Authority (SLTDA), they have expected around 4
million tourists arrive in 2020. When concern about tourist arrival patterns tourists
are arriving on specific seasons of the year. This refers to the seasonality effect
on tourism. Moreover, this seasonality effect in tourism can done a huge impact
on the host community which maintains their daily expenses via tourism-generated
revenues. This seasonality effect can be seen in the southern area regularly and this
study is going to discuss the issues related to the seasonality effect of southern area
tourism in Sri Lanka. Due to this seasonality effect within Sri Lanka, a tourism-
related business cannot be expected a continuous revenue. Due to this reason, most
of the business is moving away from the business and some are running the business
even at the period of losses. Moreover, when considering the nature of the tourism
business, most of the time, it based on the motivational factors which affected or
faced by the entrepreneur or business owner.

55.2.2 Entrepreneurial Intention

According to the past researchers [14], intentions play a key role in explaining human
behaviors. Rosli [15] has added to the above statement by mentioning intentions play
a key role to develop entrepreneurship activities and the capability of being an actual
entrepreneur. Past researcher [16] mentioned that entrepreneurial intention as a state
of mind that underlines a person’s attention and experience to create a new venture.
Past researchers [17, 18] have identified in the sameway that entrepreneurial intention
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is the commitment to performing entrepreneurial behavior. There are many studies
in the literature related to the antecedents of entrepreneurial intentions. Even though
there are more models, it can be identified a widely recognized or accepted model.
That model has been explained by the past scholar [17] and it is called as theory of
planned behavior (TPB). Many scholars have validated the above model. According
to this model, there are three factors to predict entrepreneurial intention. They are
attitude toward the behavior, social norms, and finally perceived behavioral control.
If a person has a favorable or unfavorable evaluation of behavior, it is called an
attitude toward the behavior. Basically, it may depend on the person’s assessment
of the expected outcomes of the behavior. The social pressures alleged by a person
to perform or not to perform the behavior is called a subjective norm. Social pres-
sure may come from friends, the family, peers, networks, or mentors. On the other
hand, a person will suffer a subjective norm that influences them to stop carrying
out the behavior. The final component is the intention, perceived behavioral control.
Perceived behavior can be identified as the perception of easiness or difficulty which
is encounters in a particular behavior. As per the theory of planned behavior accom-
plishments or the results depend on the combination of intention or motivation and
ability. This theory of planned behavior may depend on non-motivational factors
like accessibility of opportunities and different resources such as money, time, a
cooperation of others, etc. A person’s actual or real control over the behavior will be
represented by the above-stated factors.

There is another model that will help to the formation or establishment of the
entrepreneurial intention. It is called Shapero and Sokol’s Entrepreneurial Event
(SEE) and founded by Shapero and Sokol [19]. This theory of entrepreneurial event
proposes entrepreneurial intention based on perceived viability and alleged interest
of the prospect of starting a business along with the propensity to act. In the avail-
able literature, there is another model for the intention. It describes intentions are
based on a mixture of both personal and contextual factors [16]. In addition to
that, the development of Bird’s model was prepared to include the concept of self-
efficacy taken from the social learning theory by Boyd and Vozikis [20]. Finally,
past scholars [17] have developed a model based on the theory of planned behavior.
It has been done with some alterations to adapt to an entrepreneurial environment.
Consequently, three critical perceptions defined as personally desirable, supported by
social norms, and feasible have predicted intentions toward pursuing an opportunity.
By having a look at the above illustrations, entrepreneurial intention can be identi-
fied as follows. It is a mental representation of actions for exploiting an opportunity
by applying entrepreneurial knowledge and skills. This entrepreneurial knowledge
and skills can be identified as entrepreneurial learning. Researchers have confirmed
that entrepreneurial intention effectively predicts entrepreneurial behavior. That is,
factors influence entrepreneurial behavior through influencing intention, which is
derived from attitudes. When concern about these being and motivational to run a
business basically deals with the push and pull factors. These push and pull factors
can be a concern as both in a negative and positive aspects.
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55.2.3 Pull Factors

Theory of planned behavior well explains about the attitude inculcate in the mind set
of the business owners through being engage in self employment. According to past
researchers [19], the initiation of a business is dependent based on the different and
important changes that happen in the life of an individual. This movement can be
negative or can be positive.Moreover, they explain that the entrepreneurs’ business or
their life perception will decide the willingness to continue the entrepreneurial busi-
ness career. Moreover, according to the past researchers [21], there are six categories
of motivation as pull factors in positive mode can be considered as an innovation,
independence, recognition, roles, financial success, and self-realization. Moreover,
according to the past researcher’s [22] argument, that women are pulled into self-
employment by the promise of independence, flexibility, autonomy, and opportu-
nity to escape employment barriers. Furthermore, according to the researchers [23],
is providing a number of pull motivations, including the need for approval, inde-
pendence, personal development, improved welfare and wealth, and following role
models within his research study.

55.2.4 Push Factors

Past researchers [19] explain that the claim that jobless individuals or individualswith
low interest in wage employment may become self-employed. Moreover, according
to the researchers [24], push motivation is typically associated with unemployment.
Moreover, there are other factors that might push persons into the way of new venture
creation, like family pressure to transfer the business to the new generation of job
dissatisfaction, people who are removed from their jobs, individuals who decide to
leave wage employment because their boss does not want to commercialize their
ideas or inventions, and individuals who are lack of education or skills or having
poor backgrounds.

55.3 Research Methodology

55.3.1 Research Design

Ella is a well-known tourist destination that has been successfully implemented the
homestay model in Sri Lanka. There are 6% of tourists arrival has been recorded in
Ella from the total tourists arrived in the country annually according to the Sri Lanka
Tourism Development Authority (SLTDA). There are 17% of tourists visit Ella to
experience rural life and 24% to enjoy the unpolluted air and 30% to experience
natural environmental beauty. Hence, the researcher selects Ella to in investigating
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the push and pull factors of entrepreneurs to select homestay business in the Ella
area under these tourist arrivals.

The sampling unit of the study was a homestay entrepreneur. Fifty homestay
entrepreneurswere selected for the study based on the convenience samplingmethod.
The primary data was collected through a semi-structured questionnaire by using
five-point Likert scale questions.

55.3.2 Data Analysis Method

Confirmatory factor analysis was applied to investigate the main objective of the
study, to analyze push and pull factors of entrepreneurs to select homestay business
in the Ella area. Descriptive statistics such as mean and standard deviation has used
to select factors and challenges faced by entrepreneurs. The demographic factors
were analyzed based on the descriptive analysis which represents the count and the
percentages. The analysis was supported by SPSS statistical package.

Accordingly, this study has been investigated the factors, which are related to
the push and pull factors of homestay entrepreneurs and challenges and problems
faced by these entrepreneurs when operating homestay businesses. Then, it has been
deliberated the result of the study and it has been organized the discussion and
conclusion related to the result.

55.4 Data Analysis and Interpretation

55.4.1 Demographic Profile of Respondents (N = 50)

Table 55.1 represents the demographic profile of the respondents. According to the
table, the majority of homestay accommodation providers in Ella are female (66%).
As per the literature [24], it is consistent with the entrepreneur gender breakdown in
the homestay sector recorded as most of them as female.

The majority of the respondents (72%) have completed up to their primary and
secondary education and 8 percent of respondents have completed their Bachelor’s
degree. Some of them (18%) do not have a formal education background.

Most of the respondents (74%) are more than 40 years old and the rest of the 26%
is at 39 years or below. The majority of the respondents are indicating that they have
passion and energy to operate the business effectively.

Most of them (54%) do not having previous experience in working at small busi-
nesses. However, about 34% had less than 5 years’ experience in managing small
and medium businesses.
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Table 55.1 Demographic profile of respondents

Variable Group Count %

Gender Male 17 34

Female 33 66

Education No formal education 9 18

Primary level 17 34

Secondary level 19 38

Tertiary level 4 8

Other 1 2

Age 30 years or younger 4 8

30–39 years 9 18

40–49 years 26 52

50 years or old 11 22

Previous working experience in small
businesses

No working experience 27 54

5 years or less 17 34

5–7 years 4 8

8–10 years 2 4

More than 10 years – –

Years in business operation 3 years or less 29 58

4–6 years 16 32

7–9 years 3 6

10 years or more 2 4

Number of employees Less than 5 48 96

5–10 2 4

More than 10 – –

(N = 50)

The majority (58%) of homestay entrepreneurs are operating homestays business
for less than 3 years and 42% operating for more than 4 or more years. When consid-
ering the number of employees in the homestay business, majority (96%) is having
less than five employees.

55.4.2 Motivational Factors for Homestay Accommodation
Entrepreneurs in Ella, Sri Lanka

55.4.2.1 Quantitative Analysis

Table 55.2 indicates themotivational factors for beinghomestay entrepreneurs inElla.
A higher value indicating the stronger motivation factors to being an entrepreneur
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Table 55.2 Mean and standard deviation of motivation factors of entrepreneurs to select homestay
business

Item Mean SD

Desire to generate additional income 4.79 1.65

Need for supplementary family income 4.72 1.63

Unemployment 4.65 1.67

Personal satisfaction 4.58 1.59

Enjoyable things to do in the homestay accommodation business 4.42 1.63

Flexibility of lifestyle 4.23 1.72

Family encouragement to start homestay business 4.13 1.69

To work for myself 3.86 1.64

Current market demand in the tourism industry 3.54 1.71

Dissatisfaction with previous job 3.49 1.55

To achieve something and get recognition in this business 3.45 1.62

Community members’ motivations to participate 3.38 1.60

Desire for independence 3.31 1.66

New market potential and opportunity 3.14 1.59

Ability to make own decisions 3.02 1.71

Preparing for retirement 2.93 1.53

Availability of resources in strategic area for homestay Business 2.76 1.60

The homestay business had tremendous opportunity 2.31 1.57

To apply experience, knowledge, and expertise in the field 2.31 1.57

Continuation of family businesses 1.74 1.55

Job insecurity 1.74 1.55

Gain a personal sense of accomplishment and grow business 1.41 1.52

Previous job experience in similar business 1.22 1.59

Inspired by friends’ success in the business 0.98 1.61

in a homestay business. The researcher has selected factors which are having higher
mean values for further analysis. Factors which are having more than 3.00 mean
value have been selected to conduct factor analysis.

The researcher has conducted confirmatory factor analysis byusingSPSS software
and outer loading values (OLVs) should be are more than 0.5 and significant at
0.05 significant statistical level to consider as influential factors for the variable
[25]. Table 55.3 shows the outer loading values of selected factors. Factors with
less outer loading values did not consider the influential factors for motivation to
select homestay accommodation among small- and medium-scale entrepreneurs.
Accordingly, to work for me, new market potential and opportunity and ability to
make own decisions have removed from consideration.

As most of the studies, economic motivation to generate an extra income is the
primary factor for selecting homestay business among entrepreneurs. Mostly, when
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Table 55.3 Push and pull factors

Item Outer loading values

Desire to generate additional income 0.922

Need for supplementary family income 0.828

Unemployment 0.888

Personal satisfaction 0.815

Enjoyable things to do in the homestay accommodation business 0.859

Flexibility of lifestyle 0.726

Family encouragement to start homestay business 0.610

To work for myself 0.453

Current market demand in the tourism industry 0.713

Dissatisfaction with previous job 0.606

To achieve something and get recognition in this business 0.806

Community members’ motivations to participate 0.753

Desire for independence 0.736

New market potential and opportunity 0.431

Ability to make own decisions 0.465

the husband is doing a job somewhere and the wife is tending to start homestay
to generate extra income for their home [26, 27]. In Ella, most of the homestay
entrepreneurs have selected this sector with the desire to generate additional income
as the primary push factor. Homestay tourism is providing additional economic
opportunities for rural communities as many of them required additional income
sources [28].

Unemployment and need for supplementary family income, personal satisfaction,
to achieve something andget recognition in this business, and desire for independence
can be seen as other push factors.

Enjoyable things to do in the home-stay accommodation business, commu-
nity members’ motivations to participate, the flexibility of lifestyle, current market
demand in the tourism industry, family encouragement to start a homestay business,
and dissatisfaction with the previous job, can be seen as pull factors which attract
entrepreneurs to homestay businesses in Ella. This study reveals that involving home-
stay business can be influenced by community members’ motivation to participate
and it indicates that social awareness about the benefits of homestay businesses,
social and affiliation needs, and personality of entrepreneurs are playing a major
role in considering entrepreneurs’ participation in homestay businesses. Community
participation in the homestay business is contributing to enhancing the intrinsic value
of society [29].
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55.4.3 Challenges and Problems Faced by Homestay
Entrepreneurs

Challenges and problems are not common for all businesses and entrepreneurs. It can
be changed based on the industry, business, business size, and geographical location
also. Especially, micro, small, and medium businesses are experiencing different
challenges when starting the business and different stages of the business life cycle.

As per Table 55.4, the highmean value is representing themost critical challenges,
and the low mean value is representing less critical challenges. Lack of facilities, not
enough training to manage home-stay, lack of monitoring from the ministry and state
government, and competition with incompliance unregistered home-stay operators
can be seen as themost critical challenges faced by homestay entrepreneurs. Because
of the lack of training and experience in the industry, homestay entrepreneurs facing
difficulties in managing the standard of cleanliness, safety, and hygiene. Homestay
businesses do not require many financial capabilities to start the business as other
industries [30]. Therefore, lack of financial abilities is not an important challenge
for these entrepreneurs. Apart from that, after discussing with homestay business
entrepreneurs, they have stated that, managerial incapability, insufficient resources,
and failure to manage service quality.

Table 55.4 Challenges and problems faced by entrepreneurs in homestay business

Item Mean SD

Lack of facilities 4.97 1.63

Not enough training to manage home-stay 4.52 1.60

Lack of monitoring from the ministry and state government 4.39 1.53

Competition with incompliance unregistered home-stay operators 4.03 1.58

Lack of cross-cultural understanding 3.96 1.58

Difficult to act-and-think tourist attitude 3.85 1.55

Difficult to maintain standard/optimum levels of cleanliness 3.84 1.64

Lack of safety 3.72 1.55

Lack of accessibility for transportation and communication 3.60 1.57

Lack of service orientation 3.56 1.71

Lack of brand image and marketing programme 3.32 1.70

Not enough guest bedrooms 3.19 1.60

Difficult to maintain the requirement and compliance 3.01 1.59
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55.4.4 How Innovative Practices Can Be Used
as Entrepreneurs to Face the Challenges

Innovativeness is a key trait of entrepreneurs and with the innovative practices, it
can reduce lot of challenges and problems faced by entrepreneurs when doing busi-
ness. In Ella, most of the homestay businesses are operating by following traditional
methods and they are not much focusing on technological advancements. They are
not promoting their business through online platforms such as Web sites and social
media. Most of the times, walking guests are arriving to the homestays and they
are not taking online reservations for the homestay accommodation. Comparatively,
there is less demand and awareness of tourists toward these types of homestay busi-
nesses. Therefore, it can use modern technological advancements such as mobile
apps, Web sites, social media, and reservation systems for their business. Apart from
that, payment methods such as credit/ debit card payments, PayPal payment methods
can be accepted as most of the tourists are not using local currency to pay bills. As
Sri Lanka enriched with traditional culture, cuisine and arts homestay businesses can
promote local businesses for ornaments and products related to culture, traditional
cuisines, cooking classes for traditional and unique food items to make more profits
from them. Apart from the mere bedroom and meals, it will give another advantage
for the business. They can create homestays as traditional Sri Lankan houses by
using natural material as clay walls, coconut leaves roofs, and wooden furniture as
well as natural water pools, without making them as luxury buildings, comfortable
beds, and attached bathrooms with amenities. It will give totally new experience
for tourists as well as it can earn high income as other countries (Japan homestays
at Beppu using traditional Onsen pools for tourists’ bath purpose without offering
bathrooms). At homestay businesses, they can offer Sri Lankan traditional cuisines
as main meals for the tourists with some modification of taste. They can promote Sri
Lankan tea and tea-related products since Ella is having different tea estates around
the area. Homestay entrepreneurs can become tour guides for homestay tourists to
educate tourists about history of Ella, traditional values, motivate them to engage
at different adventure activities at Ella and encourage them to purchase local prod-
ucts to support local businesses. Apart from the homestay business, they can operate
adventure park, spa and wellness centers to promote traditional Ayurveda treatments
and products and flower shops for tourists. Innovatively, it should give some practical
education for homestay entrepreneurs about tourism industry and tourism businesses
and local government should give their guidance for the entrepreneurs to maintain
proper standards within the business.

55.5 Conclusion

This study was conducted to analyze the push and pull factors of entrepreneurs
to select homestay business in the Ella area based on 50 homestay entrepreneurs.
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As per the confirmatory factor analysis, to generate additional income unemploy-
ment, need for supplementary family income, personal satisfaction, to achieve some-
thing and get recognition in this business and desire for independence have been
revealed as the push factors which are pushing entrepreneurship by negative external
factors. Further, the study found evidence to support pull factors which are attracting
entrepreneurs to homestay businesses as enjoyable things to do in the home-stay
accommodation business, community members’ motivations to participate, the flex-
ibility of lifestyle, current market demand in the tourism industry, family encourage-
ment to start home-stay business and dissatisfaction with the previous job. Moreover,
when concerning on the tourism business, redesigning of tourism business is essen-
tial feature to enhance the entrepreneurial practices among them. Therefore, based
on the analysis, it has identified that enhancing the collaboration and networking
may facilitate the entrepreneurial culture. Moreover through stakeholder collabora-
tion, cluster creation of the SMEs can be enhanced. Through that it will be easy to
develop new innovative practices and new opportunities for tourism SMEs. More-
over, through that it can easily develop a new system or process to capture a greater
value from tourism SMEs in Ella.

In addition, the study revealed the issues and challenges which are faced by
homestay entrepreneurs. They are lack of security, lack of facilities, competition with
unregistered homestay operators, lack of service orientation, difficult to maintain
the standards, not enough training to manage homestays, language barriers, lack
of cross-cultural understanding, lack of brand image and marketing activities, lack
of accessibility for transportation and communication and lack of monitoring from
the ministry and Sri Lanka Tourism Development Authority. Apart from that, study
discussed some innovate practices to overcome the challenges and problems face by
homestay accommodation entrepreneurs.
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Chapter 56
Measuring Design in Businesses
and Government—A Framework
to Measure Design Impact

Ashreya M. Venkatesh, Kristin L. Wood, and Arlindo Silva

Abstract Private and public sector organizations are realizing significant and lasting
economic and social value through the adoption of design (Sheppard et al. in The
business value of design. McKinsey & Company (2018), [1]); (2015 dmi: Design
value index results and commentary—design management institute (2015), [2]);
(Brown in Design thinking. Harvard Business Review, [3, 4]). As such, projects and
initiatives that are design focused are increasingly being undertaken by businesses
and governments. However, there is only a nascent understanding of how the impact
of design should be measured. A comprehensive framework has been developed and
tested with businesses and the government of Singapore to measure the outcomes
of their designs. The framework consists of four impact areas—enabling economic
transformation, raising quality of life, advancing brand and culture, and making
ground-breaking achievements in design. The design impact framework considers
different types of impact and shows that while certain types of “impact” can be
quantified, we also now have other ways for measuring impact and widening its
definition. The design impact framework provides a basis and common language for
discussing designs across disciplines and scale. The framework and tool jointly create
a comprehensive and robust structure that may assist designers and organizations
communicate their designs more effectively.
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56.1 Introduction

56.1.1 Purpose and Scope of This Paper

According to Simon [5], design is “devis[ing] courses of action aimed at changing
existing situations into preferred ones.” In this context, “Good Design” is, on the
one hand, subject to the eye of the beholder (the art or craft), and, on the other hand,
an indisputable outcome (the science). In either case, “Good Design” comes about
through interdisciplinary design innovation and comprises the integration of people,
process, methods, principles, and mindsets [6–8]. Products, services, systems, or
combinations are the result of Good Design, creating a transformative design impact
on community, society, and people’s lives. Design impact can take several forms.
Some of these may be quantitative, such as an increase in economic value after a
rebranding campaign, improved sustainability, or a greater employee satisfaction
after re-designing a workspace. Other forms of impact may be qualitative, such as
increased positive sentiments, judgments in ethical sensitivities, and sense of well-
being. In the end, Good Design emerges from the designers’ well-articulated ethos
and creates a “Wow” through its impact. Measuring design impact can be highly
subjective. Currently, there is no comprehensive and universally accepted approach
to measure the impact of design. The purpose through this paper is to present an
assessment framework that can aid in measuring design impact comprehensively
and accurately across disciplines and scale. The goal is also to use the framework to
assess designs and present the results using a common language.

The design innovation process is governed by a set of methods. These methods
guide activities carried out by the people, leading to desired outcomes. The selection
of methods and transition between specific methods is governed by a process or
approach [9, 10]. Finally, a culture of design is grown organizationally through
ubiquitous mindsets and “principles.” These principles are cherished and adopted
into organizations and their design communities via execution of the methods and
approach.

56.2 Measuring Design Impact

56.2.1 Value of Design

Design is a powerful force that has the potential to add and boost competitiveness to
organizations, companies, communities, and teams. Design has the potential to add
value across many different business areas. The business value of design [1] has been
studied extensively. McKinsey, for example, performed a study regarding the value
of design. A Mckinsey Design Index (MDI) was rated with each company that was
analyzed and its financial performance was observed. Higher MDI scores correlated
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with higher revenue growth and financial outperformance of top-quartile companies
across all three industries studied, albeit product and service-based sectors. The
Design Danish Centre in their 2018 Design Delivers report, found that 67% of the
companies who use design find their competitiveness improve, 60% of them to a high
or very high degree sell more products and/or services and 92% report that design
has a positive impact on their bottom line [11], An example of such a company is
matter. By using basic design principles, theywere able to create a digital platform on
the market that allows younger customer segments to follow specific environmental
effects of their pension, and more importantly making pension an engaging and
relevant topic. Similarly, The Design Management Institute’s 2015 Design Value
Index (DVI), based on a portfolio of 16 publicly traded stocks from companies
considered to be “design-centric” contingent on a set of criteria that reflects best
practices in design management, shows a 211% return over the S&P 500, continually
for three years in a row [2], 35]. In 2018, IBM was able to cut costs by $20.6 million
accelerating projects and increased portfolio profitability by $18.6 million using
design thinking [12].

The economic value of design is clear.Design, however, also contributes positively
to non-economic or non-financial gains. In one of the largest design maturity studies
conducted by Invision, with 2200 companies across 24 industries of various scales
across the world, it was found that design enabled 81% of the companies to have
improved product usability, 71% delivered higher customer satisfaction, and all of
the companies demonstrated an improved employee productivity by an average of
33% [2, 13].

While a number of studies clearly demonstrate the multi-faceted value of design,
it is clear that measuring the overall impact of design is not as straightforward as
measuring purely financial returns [2, 12]. This limitation is problematic because
leaders who have a desire to practice design innovation in an organizational context
are often assessed solely on their ability to perform via traditional metrics. Therefore,
they have less incentive to work in creative and innovative ways that crosses the
boundaries of these traditional metrics [14]. Ultimately, the key goal is to be able to
answer questions such as “How do we know that a design is successful?” and “How
can we demonstrate to managers that design innovation has a significant impact on
the project’s or company’s outcomes?”

56.2.2 Why is design important?

Design innovation and design thinking are important foundations for understanding
the value of design [3, 6, 7, 9, 15], and thus companies are turning to design innovation
(or innovation bydesign) to connect deeperwith their users-customers andfind and/or
boost their competitive advantage. When top innovative companies “use” design in
their businesses to drive value [16] and when organization adopts design as a norm
to stay ahead, design becomes a strategic tool. As more jobs in design become
available, as organizations encourage design archetypes across personnel, and as
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more designers move into leadership roles, leaders in design become responsible
for both design and business decisions [17]. This means that designers, and those
taking on design archetypes, need to effectively communicate the impact and value of
design and how it bridges the gapwith the pre-existing functions such as engineering,
operations, and business [16].

“You can’t manage what you can’t measure”—this is the traditional management
mindset that executive leaders and managers use to track and measure performances
of their teams, departments, and companies [18]. However, when interviewed, more
than 50% of business and design leaders “admitted that they have no objective way
to assess or set targets for the output of their design teams” [1]. Those who do not
measure often do not know how to or lack the resources to do so [19]. Sometimes,
measuring the impact of design takes a long time, especially in the case of service
design [18]. Because of this characteristic, it becomes extremely challenging to
show how and to what extent design work contributes to the overall meaningful
value for users-customers, and how effective transformative change may be brought
to organizations and companies.

56.3 Design in Singapore

56.3.1 Overview

According to Prime Minister Lee Hsien Loong, as part of his address to the Minis-
terial Forum at the Singapore University of Technology and Design (SUTD), April
5, 2018 [20]: “At the national level, design is similarly a core element of our nation-
building. Singapore is a nation by design. We didn’t call it design thinking then, but
with each of these major policies, our founding fathers had to understand the issues,
define the problem, come up with creative ideas and solutions, prototype the idea,
test out the innovations, and constantly review the thinking and solutions… It needs a
deep understanding of human beings, their emotions and psychology—how individ-
uals behave, how society works.” The ideas expressed by PM Lee focus on Design
Thinking. Singapore’s pathways in design began with the establishment of the first
national design school in 1968. Subsequent advancements in the design ecosystem
include emphasis on industrial design business by the Economic Development Board
(EDB) in the 1980s, founding of the Design Business Chamber Singapore (DBCS)
in 1985, the creation of the Design Singapore Council in 2003, the development
of Nanyang Technological University’s (NTU) School of Art, Design and Media In
2005, the establishment of the President’s Design Award (P*DA) in 2006 [21], the
creation of SUTD (sutd.edu.sg) as Singapore’s fourth national university focused
on Technology and Design, and the launch of the Singapore Good Design Mark
Award in 2013. Design Innovation initiatives and Centers are cropping up across the
Singapore public and private industry landscape.
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Infuse design into 
our national skillset

Expand role of design in businesses and government

Strengthen the competitiveness of design firms

Develop the Singapore Design brand

Bring design into the community

Fig. 56.1 Design 2025 Masterplan

In 2015, a Design Masterplan committee was created where 16 experts from
the industry, academia, business, and government were put together to devise the
“Design 2025” Masterplan for Singapore. Design 2025 envisions for Singapore to
be an innovation-driven economy and a loveable city [22]. The committee drew
up five (5) strategic thrusts with a total of 15 recommendations to be implemented
as shown in Fig. 56.1. The plan ranges from infusing design as a national skillset
to expanding the role of design in businesses and government, strengthening the
competitiveness of design firms.

With almost every aspect of the nation adopting design, and from all of the devel-
opments in the pathways that Singapore has already created as shown above, it
becomes even more pertinent and critical for there to be a framework that allows
for the measurement of design impact. This would then translate to the effectiveness
of the decisions made to achieve the above goal of the 2025 framework. Singapore
being a developed nation served as the initial test bed to test the framework. However,
the applications of the framework are for beyond Singapore.

56.4 Design Impact Assessment Framework

56.4.1 Introduction to the Framework

Literature study was carried out on how various international design award programs
use their chosen criteria that they do use to assess designs. Design literature across
disciplines that focused on measuring design, such as design research and impact
of design research on practice (IDRP) literature, were also carefully studied. Some
of the exemplar sources that were reviewed include Red Dot Design Award [23],
metrics for measuring ideation effectiveness in design studies [24] and The Design
100, Time Magazine [25]. Through interviews with expert designers, a careful study
of design projects across companies, an understanding of design award programs
across the world, and the concept of a design impact framework was developed. The
overall methodology is shown in Fig. 56.2.

Design impact categories, outcomes and metrics (demonstrators) formed the
framework. This framework, as a unification of the concept of design impact across
disciplines and scales, places emphasis on outcome-based design impact alongside
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Fig. 56.2 Research study and methodology

recognition of excellence in design craftsmanship and aesthetics. We worked with
Singapore and the DesignSingapore (Dsg) Council to explore, define, and test design
impact evaluation strategies as part of Singapore’s most prestigious national design
award program, the P*DA [26]. Through the systematic literature review and inter-
views with design experts, four impact areas were identified to constitute the frame-
work, initially tested, and utilized as part of the P*DA: Enabling economic transfor-
mation, raising quality of life, advancing Singapore’s brand and culture, and making
ground-breaking achievements in design.

Outcomes and demonstrators were developed to help define and assess each
impact area. The outcomes represent sub-categories within each impact area and the
demonstrators are the tangible results of designs that may bemeasured quantitatively
or qualitatively. Examples include enhancing employee experience, enhancing living
experience, empowering and facilitating positive user learning, increasing revenue,
simplifying usage and increasing efficiency and effectiveness, increasing identity
and bonds with the community, and innovating processes and functionality. The end
result is a table, Fig. 56.3, with the resulting design impact framework.

56.4.2 Design Impact Assessment Methodology

To test the developed design impact framework, a submission portal was developed,
through the DesignSingapore Council’s Web site, for designers and organizations,
across disciplines and across project scales, to submit their designs as part of the
Singapore P*DA. Over a three-year period, and across two cycles of submissions for
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Impact Area

Outcomes

Demonstrators

Fig. 56.3 Design impact framework

the P*DA, i.e., P*DA 2018 (design projects only) and P*DA 2020 (design and archi-
tecture projects), hundreds of designs were submitted and juries of design experts
shortlisted the submissions.

Applicants used the impact assessment framework while submitting their designs
through the portal. We then assessed the shortlisted designs using the framework and
ultimately to document the extent of impact of the design submissions. The team
assessing each submission extracted the area(s) of impact along with their corre-
sponding set of outcomes and demonstrators listed. In parallel, the evidence provided
by the applicant was also analyzed. The declared evidence and data were then
connected to the claims and checked for their validity. This process was carried out
via several methods—online searches, site visits, interviews with designers/design
teams, surveys of users and customers, calls to referrals, economic studies, etc.
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Fig. 56.4 Design impact assessment methodology and workflow engaged

Each project was also independently allocated a “rating” with an overall “Design
Impact Rubric” table with five (5) ranks on the impact level—no impact, low impact,
moderate impact, evident impact, and extensive impact. Figure 56.4 shows the design
impact assessment methodology and workflow used.

A final report documenting all evidence and impact assessment was generated
for all shortlisted submission. The final reports went through three to four itera-
tions across assessment teams and members with increasing seniority and design
experience levels to ensure that there was consistency throughout all projects. Once
sufficient relevant data were collected, the design impact results were collated,
summarized, and reported back to the design juries.

56.4.3 Effectiveness of the Design Impact Assessment
framework

So far the framework has been used through 2 rounds of competitions in 2018 and
2020, with more than a 150 design applications submitted each year. 58 projects
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Fig. 56.5 Profile of shortlisted projects from P*DA 2018 and 2020

have been shortlisted using this framework. The design fields of these projects range
anywhere from landscape design to UX design to architectural design as shown in
Fig. 56.5.

The team assessing each submission extracted the area(s) of impact along with
their corresponding set of outcomes and demonstrators. The evidence provided by
the applicant was also analyzed. The declared evidence and data were then connected
to the claims and checked for their validity. This was done via several methods—
online searches, site visits, interviews with designers/design teams, surveys of users
and customers, calls to referrals, economic studies, etc. Each project was also inde-
pendently allocated a “rating” with an overall “Design Impact Rubric” table with five
(5) ranks—no impact, low impact, moderate impact, evident impact, and extensive
impact—as part of the conclusion of the report, depending on the how strongly the
evidence provided back the claims up. A final report documenting all evidence and
insights from the impact assessment was reported back to the design jury. Figure 56.6
shows an example of a single claim from a landscape design project fromP*DA2020.
The exact is anonymized but shows sufficient detail to understand the connection the
design impact framework.

Analyzing the 58 projects from 2018 and 2020 submissions revealed the following
insights:

• 4 out of 4 (100%) impact areas, 13 out of 13 (100%) outcomes, and 53 out of 57
demonstrators (93%) were used at least once.

• There are a total of 57 unique demonstrators that have been used a total of 442
times.

• The top 10 primary demonstrators are shown in Fig. 56.7 with “increase customer,
user or stakeholder satisfaction” being most commonly used.

Another insight revealed that there is no correlation between the number of demon-
strators and impact areas and the assessment of the impact as shown in Fig. 56.8.
There were projects that had 1 impact area, 1 outcome and a few demonstrators, with
an equivalent rating to projects that had multiple of all. This is because designers
tend to think their design has a greater coverage of impact than the truth.

Feedback was collected from the jury members who were part of the P*DA 2018
competition. Around 80% of them found the assessment reports to be extremely
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Fig. 56.6 Single claim from a P*DA 2020 landscape design project being assessed

Fig. 56.7 Top 10 demonstrators used most commonly across all projects from P*DA 2018 and
2020
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Fig. 56.8 No correlation between the overall impact rating of a project and the number of
demonstrators claimed

Fig. 56.9 Jury members’ feedback on the reports using the impact framework

helpful and in fact assisted them in choosing the winners of the PDA competition as
shown in the graphs below in Fig. 56.9.

56.5 Conclusion and Future Work

Overall, these insights and conclusions include: the design impact framework is
effective and comprehensive in representing, understanding, and measuring design
impact. The design impact framework provides a basis and common language for
discussing designs across disciplines and scale. This framework places emphasis on
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outcome-based design impact alongside recognition of excellence in design crafts-
manship. Designerswho bring together diverse skills andwork collaboratively across
disciplines to address complex issues are given significant recognition.

There could also be value in representing design impact for not only assessing
designs, but for proactively forecasting project outcomes, planning impact in future
designs and driving teams more effectively. As such, looking ahead at future work,
the design impact framework will be used jointly and tested with teams working on
design projects across industries and scales. The rationale for their design decisions
will be captured along the way and the end output measured with teams and projects
that do not use the tools.

“Rather than something measured at the end of a project, it needs to be iterative
and become part of continuous development. And rather than relying on purely
quantitative data, it needs to become more experience and practice-led.” [27]. We
believe this is exactly what we are able to do.
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Chapter 57
Design, Frugal Innovations,
and Low-Resource Settings: An Analysis
of Five Contextual Aspects

Santosh Jagtap

Abstract Designing frugal innovations is crucial to alleviate problems faced by
people living in low-resource settings. Many design studies have been undertaken in
such low-resource settings. These studies are discussed using a variety of names like
‘frugal innovations’, ‘appropriate technology’, ‘design for the Base of the Pyramid
(BOP)’, ‘product service systems for BOP’, ‘community development engineering’,
‘design for development’, etc. There is an important need to know in what context
these studies were undertaken. In order to gain an in-depth understanding of the
contextual aspects of these studies, we review a wide range of literature, focussing
on design studies in this field. The review findings show a multifaceted picture,
revealing a large variety in examination and presentation of contextual aspects such
as income, design sectors, countries, rural–urban, and gender. Based on the review
findings, we offer recommendation for practice, education, and research of designing
frugal innovations in low-resource settings.

57.1 Introduction

People living in low-resource settings in developing countries face numerous prob-
lems. Their income is irregular and unpredictable [38]. They generally live in shanty
towns, urban slums, or rural villages, and have little or no formal education. They
typically lack access to basic facilities including, among others, clean water, infras-
tructure, sanitation, public health, and energy. They are generally not good at saving
and investing, and prefer immediate consumption. This short-term approach can be
due to their weak access to various resources and assets (e.g. [16]).

Design, with its core idea of changing an existing or undesired state into a desired
state, has a prominent role in satisfying unmet or under-served needs of people living
in low-resource settings at the base of the world income pyramid, typically known
as the base of the pyramid (BOP). Alleviating poverty or satisfying needs of BOP
people demands the design of frugal innovations, which canmanifest in several forms
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such as products, services, or product service systems (e.g. [15]). Some examples of
such frugal innovations are medical devices, educational devices, income-generating
products or services, vaccination plans, systems supporting agriculture and water
distribution, or any other products and services that support social and human devel-
opment of BOP individuals and communities. Design of these frugal innovations is
undertaken, for example, by NGOs, governments, for-profit companies, and BOP
people as well (e.g. [15, 28]).

Whilst design research has been predominantly undertaken in Western countries
or relatively affluent regions Jagtap [13], many design studies have been undertaken
in the context of BOP societies in developing countries. These design studies in
the BOP context are discussed using names like ‘frugal innovations’, ‘appropriate
technology’, ‘design for the Base of the Pyramid’, ‘product service systems for the
BOP’, ‘community development engineering’, ‘design for development’, etc. (e.g.
[7, 16]). Furthermore, several universities have begun to offer projects or courses in
this field, while undertaking design investigation to understand and support design
for supporting social and human development of the BOP (e.g. [17]).

Whilst several design studies have been undertaken in this field, there is absence
of their analysis, making it difficult to gain an understanding of context in which they
were carried out. Since design is a context-specific activity, it is crucial to gain an
overview of contextual aspects (e.g. countries, rural–urban, design sectors, etc.) of
these studies. Therefore, we aim at analysing contextual aspects of these studies. This
is addressed by reviewing the relevant literature, focusing on contextual aspects of the
studies.Analysing and scrutinising contextual aspects of the design studies are crucial
in undertaking further design research in this field and in developing and testing
methods and tools to support practice and education of designing frugal innovations.
We identify crucial areas that are still not explored, offering recommendations for
design research this field. Our purpose is to explain some of its current issues and to
suggest areas for scholarly exploration of this field.

Following this introduction, the rest of the paper is organised as follows.
Section 57.2 presents an overview of design research in BOP societies. Section 57.3
presents the research methodology employed. Section 57.4 discusses five contextual
aspects as revealed in this review. Finally, Sect. 57.5 discusses the review findings,
offering suggestions for future research in this field.

57.2 Design, Frugal Innovations, and Low-Resource
Settings

‘Design for the Real World’ and ‘Appropriate Technology’ concepts, articulated in
the 1970s, by Victor Papanek and E. F. Schumacher, respectively, can be considered
as early attempts of employing design to support development of BOP societies [27,
31]. Papanek’s movement suggested designers to undertake projects for satisfying
needs of people in developing countries. The appropriate technology movement,
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motivatedby the failures in transferringproducts and technologies from industrialised
to developing countries, suggested designing suitable technologies, contextualised
for societies in developing countries. The appropriate technology movement could
not deliver expected impact in addressing problems of marginalised societies in
developing countries.

In the case of the ‘Design for the Real World’ and ‘Appropriate Technology’
movements, the role of NGOs in undertaking design projects can be recognised. On
the other hand, the roles ofmultinational corporations (MNCs) are explicit in theBOP
concept articulated by Prahalad and his colleagues in 1998–1999 [29]. In parallel to
the BOP concept, a complimentary concept, known as ‘subsistence marketplaces’
approach, is articulated by Viswanathan and his colleagues evolved (e.g. [35]). In
this approach, they have developed a bottom-up approach for designing solutions to
address needs of BOP individuals and societies.

In recent years, research on the design of affordable products and services using
several terms such as ‘frugal innovation’, ‘jugaad innovation’ and ‘grass root inno-
vation’ is developing (e.g. [10, 30]). These innovations generally consider creating
highly affordable and low-cost innovations in a low-resource setting. Furthermore,
similar concepts using names such as community development engineering, humani-
tarian engineering, engineering for development, and design for extreme affordability
are growing (e.g. [25]). Engineering and design departments in many universities
support and carry out design projects, while offering courses in this field [17]. This
has resulted into many design studies undertaken in the BOP context.

57.3 Research Methodology

Design investigations in the BOP context have been carried out in several contexts
in many developing countries. Since design is a social process (e.g. [3, 22]), with
close connection between design practice and the context of the practice, it is impor-
tant to examine contextual aspects of the studies. This analysis of contextual aspects
is useful in understanding similarities and differences between contexts researched
in various studies. We searched databases such as Scopus, Web of Science, and
Google Scholar to search for design studies in this field. This paper discusses a
broad range of studies, with close analysis of 30 papers, focusing on their contex-
tual aspects (e.g. income, design sectors, countries, rural–urban, and gender). Of
the 30 papers, 25 are journal and five are conference papers. The journal papers are
published in outlets such as ‘Co-Design’, ‘Design Studies’, ‘Engineering Studies’,
‘Research in Engineering Design’, ‘Technology in Society’, ‘International Journal
of Design’, ‘Design Management Review’, ‘Journal of Product Innovation Manage-
ment’, ‘Design Issues’, ‘Journal of Mechanical Design’, etc. The 30 papers present
studies that have been undertaken from design perspective, for example, studies
aimed at understanding and supporting how products, systems and services are
designed in the BOP context. This selection of articles allowed a focused approach,
permitting their close analysis. Due to the constraint on the number of pages allowed
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in this paper, we have not included the list of 30 papers. This list is available in our
previous study [11].

57.4 Contextual Aspects in Designing Frugal Innovations

The reviewed studies consider contextual aspects such as rural or urban region,
income of BOP people, design sectors, specific developing countries, and gender
aspects. These contextual aspects ought to be considered in undertaking design
research in BOP societies, and in developing and evaluating methods and tools to
create intended impact on design practice in this field (e.g. [2, 16]). These contextual
aspects are discussed in the following subsections.

57.4.1 Income

Income is a quantifiable measure of poverty. Income enables people to buy products
and services and permits them to fulfil basic needs, reducing their vulnerability
and powerlessness. Therefore, income-based measurement of poverty has received
attention [20]. Some of the reviewed studies have defined or reported income. For
instance, income level of $4 a day is reported in Jagtap et al. [16]. Murcott [23] and
Thomas [33] define the level of $1 a day in their paper. Whilst there is diversity
and inconsistency in reporting and defining income, these studies provide some
information on the examined contexts. Studies not mentioning or defining income
threshold leave much room for interpreting the context. This also makes it difficult
to compare contexts examined in such studies.

In addition to income, qualitative aspects of poverty also provide important
insights into the examined contexts. Many studies qualitatively report other dimen-
sions of poverty. For example, poverty has been described as social, cultural, and
political exclusion, in terms of various constraints and deprivations, in terms of
problems of gender inequality, or in terms of vulnerability due to effects of climate-
changes (e.g. [15, 24]). Such qualitative aspects expand the concept of poverty
measurement from income-based tomultidimensional construct. Overall, it is crucial
to describe qualitative characteristics of the context and define or report income.

57.4.2 Rural and Urban

Using the multidimensional poverty Index (MPI), Alkire et al. [1] compared rural
and urban poverty, revealing differences in various characteristics of poverty in these
areas. The three dimensions—education, health, and standard of living—are taken
into account in the estimation of the MPI. These three dimensions are assigned equal
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weights. Whilst greater prevalence of poverty is seen in rural than urban areas, poor
people from rural regions are migrating to urban areas. Deprivations in electricity,
water, and flooring contribute more to MPI in the case of rural poverty. On the other
hand, deprivations in school attendance, child-health, and nutrition contribute more
in the case of urban poverty [1]. Furthermore, social networks of poor people in
urban areas are relatively weak, and they face problems of crime and social unrest.

Design studies are undertaken in both rural and urban areas of developing coun-
tries. For example,Whitney and Kelkar [36] have undertaken an ethnographic design
study in urban slums in India and Guimarges et al. [9] studied how small firms in
urban areas in Brazil design products. In addition to studies in urban areas, many
studies have been undertaken in rural areas. For example, Nieusma and Riley (2010)
examined how engineering designers consider cultural and technological aspects
in designing products for marginalised communities. As a part of their study, they
undertook a case study in a rural village in Sri Lanka. Their findings suggest that
there is a tendency to consider mainly technological factors, with less emphasis on
the issues related cultural and social aspects. Design studies have also dealt with
the design of pumps and irrigation systems to support farmers in their agricultural
activities (e.g. [14]). It is important to direct design efforts for alleviating poverty in
both rural and urban areas, taking into account specific requirements and problems
in these areas (e.g. [11]). For example, since rural village in developing countries can
be geographically dispersed, issues of marketing and distribution need to be handled
carefully in designing frugal innovations for rural areas. Whilst studies have been
undertaken in both rural and urban areas of developing countries, the literature has
just presented general guidelines to design frugal innovations for people in these
areas.

57.4.3 Design Sectors

Althoughdesign studies havebeen carried out in several sectors like healthcare,water,
energy, etc., several cases are drawn from some specific sectors, in particular, from
sectors such as artisanal-goods, information and communication technologies (ICTs),
healthcare, and water. For instance, in healthcare sector, some studies have aimed
at supporting designers to generate concepts for healthcare devices or to develop
holistic understanding of target community (e. g. [2]). In a similar fashion, studies
in artisanal-goods and ICTs sectors, for example, have developed methodologies to
support design activities of craftspeople or to support the development of ICTs for
marginalised societies (e.g. [5, 8]).

Studies such the above have been carried out in one of the sectors. On the other
hand, some studies have explored several design sectors. For example, by analysing
data from the Growing Inclusive Markets (GIM) initiative of the United Nations
Development Programme (UNDP), Jagtap et al. [16] examined strategies used by
businesses in designing and developing frugal innovations for the BOP. Likewise,
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by analysing studies from several sectors, guidelines have been developed to aid the
design of integrated frugal innovations for BOP societies [12].

57.4.4 Countries

There is variation in poverty rates across developing couriers. In some devel-
oping countries, poverty rates have increased [26]. The Development Assistance
Committee (DAC) of the Organisation for Economic Co-operation and Development
(OECD) has categorised developing countries into four types—‘least developed’,
‘low income’, ‘lower middle income’, and ‘upper middle income’. The classifica-
tion of developing countries into ‘low income’, ‘lower middle income’, and ‘upper
middle income’ categories is based on the Gross National Income per capita. The
‘least developed’ countries are ‘the poorest and weakest segment of the interna-
tional community’, representing approximately 12% of the global population and
supporting not more than 2% to the world GDP [34].

Several studies are carried out in, or use or refer to secondary data, from India—a
‘lower middle income’ country (for example, see Subrahmanian et al. [32]). From
the ‘least developed’ category, studies are carried out mainly in Nepal, Bangladesh,
and Cambodia (e.g. [19, 23]). Similarly, from the ‘upper middle income’ category,
studies focus primarily on South Africa and Brazil. From the ‘low income’ category,
studies are undertaken in Zimbabwe and Kenya (e.g. [7, 33]). Findings of a few
studies are applicable to developing countries in general (e. g. [2, 37]). However,
there is a need of category-related or country-related design guidelines.

57.4.5 Gender

As compared to men living in poverty, women living in poverty face numerous
problems, weakening their access to, for example, healthcare and education (e.g.
[4]). Biased allocation of resources within households also weakens their capabilities
such as health and literacy level. Poor women aremore susceptible to biases in labour
marketsKabeer [18] In addition, they suffermore from the lackof public services (e.g.
problems due to lack of access to toilets). As gender equality is crucial for social and
human development of societies, one of the sustainable development goals (SDGs)
focuses on gender equality.

The reviewed studies reveal a broad variation in presenting details about gender
aspects. While most of the studies have not thoroughly dealt with gender aspects, a
few studies have focused on such gender aspects. These studies, for example, have
developed guidelines, prescribing designers to give attention to the needs of poor
women, have developed design methodologies for craftswomen, or have presented
details of how women in a community can contribute towards the implementation of
frugal innovations (e.g. [8, 15]. Overall, a broad range exists in dealing with gender
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aspects in the studies, stressing the need for considering these crucial aspects in
design research in this field.

57.5 Discussion and Recommendations

Many design investigations have been carried out to examine and support the design
of frugal innovations in the BOP context. The reviewed literature presents a great
diversity in terms of contexts examined. There is also a diversity in how details of
contextual aspects are (not) reported.

The review of contextual aspects of the reviewed papers allows suggesting areas
for further research in this field (see Fig. 57.1. Some suggestions focus on reporting
details of contextual aspects. Overall, there is a need to report detailed information
on the characteristics of the context in which studies are undertaken. Researchers can
add such detailed information in scientific articles, for example, by adding supple-
ments as scientific journals typically allow supplements. Detailed information on
contextual aspects can help in understanding commonalities and differences between
various contexts, providing a basis for making potential generalisations or explaining
variations in findings obtained from similar or dissimilar contexts. Konda et al.’s
[21] concept of ‘shared memory’ in design also supports the need of providing rich
and detailed information on contexts examined. In design, shared memory helps in
developing better understanding of design situations and related contexts. Providing

Income
Wide variation and 
inconsistency in income 
specification
Most design studies have 
not defined income
Specify income and 
describe other qualitative 
characteristics of the 
context

Rural and Urban
Differences on many 
dimensions 
Increasing migration 
towards urban areas
Design studies in both 
urban and rural areas
Rural- and urban-specific 
design guidelines

Design sectors
Design studies in many 
sectors
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e.g. healthcare, ICTs, 
artisanal goods
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education and housing

Countries
Many design studies in a 
few specific countries
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Developed countries
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Fig. 57.1 Contextual aspects of the BOP and design of frugal innovations
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detailed contextual information about marginalised communities and influence of
frugal innovations on those communities is essential to determine if those inno-
vations can be applicable and used in other communities. In order to avoid reuse
of failed innovations, it is crucial to have access to rich and detailed information
on related contexts of marginalised settings in which those innovations were unsuc-
cessful. Reporting the details of contextual aspects is also crucial to establish external
validity of a study—that is—to assess the degree to which the conclusions of a study
can be applicable to other marginalised settings. Various contextual aspects, as iden-
tified and examined in the present paper, can usefully provide an initial basis for
reporting a study carried out in marginalised contexts. It is expected that this review
of contextual aspects will motivate scholars to identify further contextual aspects (if
any) of marginalised communities.

In addition to providing thorough information on contextual aspects, future
research in this field can benefit from using appropriate research methods to glean
information on such contextual aspects. For example, since men and women living
in marginalised societies largely differ in their needs and views on problems, it is
important to adopt gender-sensitive research methods in collecting information on
contextual aspects.

Future research in this field can also benefit from examining areas that are not
explored. For instance, because many design studies are undertaken in a few specific
countries, further research ought to be undertaken in other countries, specifically in
countries from the ‘least developed’ category of the DAC’s categorisation of devel-
oping countries [6]. Furthermore, the diversity across developing counties, rural and
urban areas, and sectors can provide promising and fascinating opportunities for
future research in this field. As such, future research can aim at developing and eval-
uating rural- and urban-specific design guidelines or at supporting design in sectors
such as housing and education. It is also crucial to develop and evaluate gender-
sensitive design methods and processes to support design of frugal innovations for
both men and women living in BOP societies.

To summarise, whilst design research in the context of marginalised societies
can potentially create impact on design practice and education in this field, and it
can gain from a more rigorous approach. This involves, for example, thoroughly
reporting details of contextual aspects and related methodologies. We hope that this
work can motivate and support researchers to examine the recommended avenues, as
they are crucial for practice, education and research of designing frugal innovations
in this field.
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Part VIII
Fablabs, Makerspaces and Design Spaces



Chapter 58
Journey of Product in Maker
Spaces—A Case Study

Arun Soman and Neha Chourasia

Abstract India being a country of variety, there is a variety of innovative products,
available and made. Here is a journey of a small product and its development with
the help of different maker spaces. The interest to use bamboo as a product designer
has always pushed the imagination after experiencing the material. Bamboo is a
very common material and has been a major source of living for many tribes. In
past decades, mainly south Asian countries have brought bamboo as an industrial
material. Just research and development in bamboo is not enough as the world is
changing rapidly. An emerging trend of design collaboration is the key to our prob-
lems. As our environment and resources are changing, it puts us into a great threat. As
the technology could not grow beforehand, the growth of such technology depends
on research and development of materials and product and user experiences. The
small-scale industry could not afford such research and development, designers,
and engineers do not have laboratories to innovate. Thus, a makers culture brought
in some revolution were in, making is more focused then designing or innovation.
Making something automatically inculcates innovation based on the requirement and
comfort of the product.With this maker’s culture, manymakers were inspired but not
everyone can avail space as per their need. In India, such space might be seen espe-
cially in the art institute, but these spaces are restricted to students only. Such a
concept was taken forward and some maker spaces and design spaces were evolved.
The paper will have a comprehensive and case study of a product. This product
which was incepted by a maker’s space and went through different maker spaces
until its first prototype. The further study shall include the development requirement
of a maker’s space and survey on some other maker spaces. Post research will be
examined on the need of such maker space and its boon to the society.
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58.1 Introduction

A variety of creativity and innovation is carried out in India as a lot of natural
materials are available here in the woods. One of the abundantly foundmaterials here
is bamboo. Bamboo is one of the fastest-growing plants in the world and is found
mainly in Southeast Asia and South America where the climate is best suitable for
its cultivation. It is a renewable and extremely versatile resource with multi-purpose
usage. Bamboo is the most common and easily available material. In past decades,
bamboo is been largely acknowledged as an industrialmaterialmainly in SouthAsian
countries. Nevertheless, just research and development in bamboo is not enough as
the world and its environmental conditions are changing rapidly (See Fig. 58.1).

It is very important tomake students aware of such new agematerials andwonders
it could make. To understand a material, one has to work with it hands-on to get a
good idea about the material. Bamboo has been part of Indian tradition for long, but
consumers and industry do not use it because consumers were not aware and well
versed with the material. If it were introduced to students, future generations would
keenly be interested in making or buying bamboo products. Educational institutes
always are big investors in knowledge transfer. But it is very difficult for them to
provide students with such hands-on activities, and the gap between bamboo artists
and customer needs, is a major problem in bamboo development. An emerging trend
of design collaboration is the key to our problems. On the other hand, the small-
scale industries could not afford such research and development, plus designers and
engineers do not have laboratories to innovate. Thus, a maker’s culture brought
in some revolution, making it more focused then designing or innovation. Makers
culture evolved the concept of “making in a space” now commonly known as maker
space. It has also become to be known as places where people can pursue their
creativity bymaking; this hasmanifested the talent and interest of like-minded people
which has thus implemented maker spaces. The study will contemplate the making
of a product from naturally available material (bamboo) in different types of maker
spaces since it is directly proportional to the growth and need of maker spaces. Detail
literature and practical examples are referred to create a database. Discussion in the

Fig. 58.1 Bamboo as an
industrial material ( Source
Author)
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Fig. 58.2 Word cloud
showing different terms in a
maker space (https://www.
google.com/search?q=mak
erspaces+wordcloud&rlz=
1C1MIMX)

paper may lead to a collaborative approach and a step towards future—“Atmanirbhar
Bharat”.

58.2 Maker Spaces as an Idea

Maker spaces are performed by a community of makers, and in such places, peer
learning and collaborations are highly valued. The old proficiencies such as wood-
working and architecture to as modern as 3D printing, robotics and Internet are
featured in spaces as making attracts people from different backgrounds such as
entrepreneurs, students, senior citizens, and children. Thus, from being a hobby,
making now serves many causes: a vector for teaching and learning skills, a driver of
citizens’ empowerment, a start-up kick-starter, and a platform to meet like-minded
or different people. Maker spaces evolved as the right platform to physically anchor
the do it yourself (DIY) momentum providing materials, tools, and machinery for
the execution of diverse projects, especially in the USA. The thriving making move-
ment was soon exported from the USA to four other continents. Switzerland and
India, two technology-oriented nations, have welcomed it enthusiastically in the last
8 years (See Fig. 58.2).

58.3 Evolution of maker spaces

It was very difficult to track the very first maker space as many standalone
spaces already exist. The creation of the making movement started in the USA at
Massachusetts Institute of Technology (MIT) and the campus was already a nest of
maker spaces which was attracting a lot of engineers and technology enthusiasts. The
official release of the first Make magazine in 2005 followed by the organization of
the first Maker Faire in 2006, coined the term “Maker”. Fittingly, as early as 2009,
USA President Obama acknowledged the benefits of Making during his “Educate
to Innovate” campaign, recognizing the importance of the Maker movement in the

https://www.google.com/search?q=makerspaces+wordcloud&amp;rlz=1C1MIMX
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modern society and the opportunities it represented for the world. Following the
success in the USA, the concept of Making was also implemented in other coun-
tries. In India, for instance, the incorporation ofMakingwas largely driven by Indian
expats returning from the USA, in the early 2010s. As with other countries, in India,
Making has been incorporated in resonance with its socio-economical background
and cultural heritage. Many stakeholders such as companies or institutions have been
investing inMaking. Recently, the country has also seen Government initiatives arise
such as Atal Tinkering Lab2, designed to introduce children toMaking in schools.

Maker space has come in the existence in around 2005 with “Maker Movement”
launched byMakeMagazine which was the promotion of creating work andmethods
of making.

58.4 Journey of the product

58.4.1 The Making Stage-1 (Idea Inception)

The idea all started on a detail study of thematerial bamboo.Bamboo being a versatile
material is explored in every part of the world. A Geodesic dome constructed which
was covered with canvas nick the attraction towards a bamboo workshop (Bamboo
Maker space) which is affiliated by the Government of India (See Figs. 58.3 and
58.4). That place was allotted and developed by Bamboo Board of India. It was a
bamboo shop, which displays handcrafted bamboo products by different organiza-
tions and bamboo artists from different parts of India. It was also equipped with
all the machineries used for bamboo processing, which included different types of
saw, planners, lathe machine, etc. The latest discussion with the officials there was
about a laser engraving machine, which was soon to be installed at the premises.
Generally, laser machines work on straight plain surfaces, but here the discussion
was about a laser cutting machine which could work on curved surface of bamboo.
Until now, laser cutting machine was used on bamboo ply and bamboo timber, which
are flat surface so the engineering student decided to design a machine with rotary

Fig. 58.3 Local craftsmen
working on bamboo at a
government affiliated
bamboo workshop ( Source
Author)
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Fig. 58.4 Local craftsmen
working on bamboo at a
government affiliated
bamboo workshop ( Source
Author)

function which would work on curved bamboo profile. This discussion thus proved
that persons with the same interest meet to share their thought and boost the local
craftsman to keep the art alive and become a bridge to connect to real market.

58.4.2 The Making Stage-2 (Fab-Lab)

Once decided about the product to be made, there were a series of discussions which
boosted between the designers and engineering students about the shape, form,
compatibility between the materials, comfortable usage of the product, etc. The
project started with generating requirements for the machine. The machine has to be
designed for a designer or bamboo product manufacturer. Peer learning is a common
practice in maker spaces or workshops. It thus happened that the group of engi-
neering studentsmet an architect cumproduct designer and they shared their thoughts
regarding the same product. Exchange of thoughts directly helped in improving the
product design (laser- engraving machine) and also manifested about the need of the
market. This interaction proved very friendly and a collaboration between those like
minds started which thus resulted in the working of one more innovative product
for the market. Maker spaces are thus promising venues for supporting agency and
endeavours that are personally meaningful to the maker.

It was at this stage another maker space was introduced which was Fab-Lab
where all the machines and guidance was available for the prototyping of the project.
Fab-Lab was equipped with all woodworking tools like table saw, circular saw, zig
zag saw, sander, planners, files, etc., it was also equipped with rapid prototyping
tools like CNC, laser cutting, 3D printer, and MCB printer. Fab-Lab thus proved an
ideal place to develop the project. The prototype was designed and after a practical
research it was finalized that the bamboo will rotate as per the design and the laser
could move in single plan, i.e. parallel to the ground. The conceptualization started
through sketches, but that was not enough as imagining the product and its working
was not that easy for the producers (See Fig. 58.5).
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Fig. 58.5 Conceptual sketches of laser cutting machine ( Source Author)

Prototyping
Mentors at Fab-Lab, Nagpur guided students to use “Fusion 360”, an integrated
software built to bridge designer and producer. The project was first created virtually
in the software clearing the details in the design of outer body and the machine (See
Fig. 58.6).

Frommajor working like access toworking spacemachine, bamboo fixing, etc. To
smaller details like display and interaction panels, the 3Dmodel became the reference

Fig. 58.6. 3D model made in ‘Fusion 360’ software ( Source Author)
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for prototyping. With use of power tools, the body of machine were made with ply
and acrylic. Outer body and compartment for machine was made with plywood,
whereas doors to access the working area was designed with plywood and acrylic
for easy governess of laser. Power tools were used to cut the plywood and laser to
cut acrylic.

In the machine, bamboo is fixed and rotated as per design. A clutcher attached
to gears was designed in fusion 360 which was then 3D printed for better finish and
efficiency. Fusion 360 is a software by Autodesk which is easily compatible with
maximum rapid prototyping tools like CNC, laser cutting, 3D printer, etc. Fab-Lab
is a worldwide organization which has tie up directly to Autodesk allowing access
to such advance software. Soon other parts such as display and interaction panels
were also designed and made with help of PCB printers and laser cutting of MDF
for supports and structuring.

58.4.3 The Making Stage-3 (Viprush Laboratory)

After the prototype is ready, the working of the machine needs to be done. For this,
a proper coding required and so such type of maker space is needed where all the
electric circuit work can be completed with proper guidance. The Viprush laboratory
was a perfect laboratory where all the young minds play with their innovations and
designs to make it real. Here, the working circuit of the machine was developed
which gave life to the machine and brought it to working stage.

58.5 Maker Spaces—A Discussion

Maker space has their origin in maker culture and hackerspace. Maximum times
advanced technologies have developed in a small laboratory or may be some garage
space,whichwhen used by group of innovators becomes a hackerspace.Most of these
spaces have started from closed community of similar interest, much similar to clubs.
Hackerspace basically was an IT nerd’s club. Here, these engineers experimented
with new knowledge and skills in their inventions and this generated a new wave
of makers. Every product made is not always by a craftsman or an artisan with
all the perfection and artistry looks, and it can also be made by a person who is
just interested in making by simple tools and technology. Thus, a significant term
Maker stood out. Some maker spaces were created to share the resources to the
needful makers and artists. Sharing of resources led to sharing of knowledge and
with friction of knowledge innovation sparked out.
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58.5.1 Contribution to the Project

The laser engraving machine made by the engineering students was thus modified
in different maker spaces and was displayed at Makers Mela 2020. Hence, maker
spaces are important for such projects on different levels to modify the product. As
discussed in the stage 1, the inception of the product was merely visiting a local
government bamboo workshop (maker space) where the local artisans work. Many
times different experts and designer come there to learn from the local craftsman
and innovate as per market need. This process helps local craftsman to adapt to time
(See Fig. 58.7).

Once the idea generated of a laser engraving machine with rotary function, the
process of making started in the second maker space (discussed in stage 2), which
was a technical one, equipped with all the machineries for making the same. It was
an institutional maker space which is associated with many companies and institutes
like IIT. They help institutes develop their maker space for school or college students.
The product was then taken to the third maker space (discussed in stage 3), which
was a private maker space. These maker spaces were very specific to the maker’s
interests. So they tend to have experts hanging around. They seem to be very useful
for budding engineers and artists.

Fig. 58.7 Graphical representation of types of maker spaces ( Source Author)
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58.5.2 Role in Society and Education

Although the importance of maker spaces has been discussed many times in the past
for technical field, but there are many non-technical field as well, which includes the
school education where the students are not so sure about their future endeavours.
With this changing period of time, it is inevitable that the college education is not
enough to stand in the current market. With expanding career opportunities, bunch
of unique qualities are also needed to stand out individually. Moreover, educational
institutes could not just be the only source of recent updated knowledge as they are
information centres, rather than these maker spaces as they are centres for inno-
vative research and better. That means students need to explore the new trends on
their own, which many times need some resource or technology to truly get a deep
understanding.

On the other hand, it is very difficult for educational institutions to provide prac-
tical exposure to students along with theoretical knowledge. Many institutes do take
students on different field visit, hands-on workshop, etc. To make students aware
about the application of theoretical knowledge to practical, keen students find such
maker spaces to apply the knowledge they grasp in academics, or tomake projects for
their assignments. Maker space provides them with infrastructure according to the
type required. As we discussed in the case study engineering students used different
makers spaces at different stages of their project. Different maker spaces create
specific practical experience in different streams. For new trend of collaboration,
students should peak into as many streams as possible (Figs. 58.8 and 58.9).

A maker space in Nagpur has become a torch of this maker culture. They intro-
duced Nagpur to makers culture with MAKER ADDA. A passionate family of
artists and designers nurturing infant designers and artists. They have woodworking,
sculpting, painting, etc. Art supplies, immense amount of energy, experience and
enthusiast makers.

Fig. 58.8 Image from
Makers ADDA, Nagpur (
Source Author)
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Fig. 58.9 Output of bamboo
workshop ( Source Author)

58.5.3 Need of Maker Space

Many problems can be found but solutions cannot be dreamt or searched without
a problem. They have to be worked out by experimenting, research, feedback and
prototyping. On the same lines, all the problems cannot be solved at a single maker
space, as problems related to specific material or technology would need spaces with
specialized tools and experts. This would be very difficult and financially inappro-
priate for a single maker space to cover all the possible maker tools. Institutions like
Fab-Lab provides with updated technology for prototyping with CNC or 3D printing,
etc. But what if the innovator needs to use fabric, or clay work in their product. There
would be a very less ratio of people interested in such activities. But for Fab-Labs
to maintain the equipment for such small no. of people would not be logical. At this
point, organization with such equipment could step up to create their maker space
available for people interested in fashion or clay work. This could provide extra
revenue to organizations and unique opportunity for community to learn different
skills.

“India has always been known for ‘Jugaad’—innovation on a shoestring budget.
But we are also typically scared of failures. A maker space allows for ‘the weird’
and encourages experimentation”, says Maker’s Asylum founder Vaibhav Chhabra.

If we look at themaker spacesmost of them are technology and rapid prototyping-
based spaces. Designed for all students and technology-driven makers. It is seen in
very few maker spaces which are focused on particular skills or material.

58.5.4 Understanding the Gap

Maker’s culture is catching up a quick pace in India with private players like Fab-
Lab and Viprush Laboratory. These Laboratories are building up new opportunities
for curious students and designers. Social media influencers are motivating new
generations to try out different ways to innovate. But there is an invisible gap between
maker and maker spaces which is holding back makers potential to innovate. Makers
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Fig. 58.10 Image explaining the gap between maker space and motivated makers ( SourceAuthor)

especially students are curious to try out but they are overloaded with academic
work on other side makers and designers are innovating but they are not aware
about such spaces of work. On the other hand, private players like “Technoventor
Innovations” are getting maker spaces like Fab-Lab to makers in small cities like
Nagpur. Government skill development programmers are adapting tomaker’s culture
through places like “Bamboo Shop” at Nagpur by MBDB. Yet they are not able to
reach out to makers (See Fig. 58.10).

Let us try to understand the reasons for the gap with the help of B. J. Foggs
behavioural model. “B =MAP(T)”.

“Three elements must converge at the same moment for a behaviour to occur:
motivation, ability, and a prompt (trigger)”.

In our case,
B = use of maker spaces
M = curiosity of user
A = availability of maker spaces
P(T) = prompt (trigger)
But that prompt (trigger) is missing which limits use of maker spaces.

58.6 Present Scenario

58.6.1 Maker Space in India

Currently maker’s culture is spreading in metro cities with a great speed. Due to
booming, maker spaces and the gift to more skilled-based thinking of younger
generation have boosted the makers culture into smaller cities too (See Table 58.1).
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Table 58.1 List of well-known maker spaces in metro cities in India

Name of space Location Type

Maker’s Asylum Mumbai and Delhi Woodworking, robotics,
bicycle building and repair,
rapid prototyping, open-source
computer-aided design

Workbench Project Bengaluru Fabrication laboratory, power
tools, CNC’s, 3D printers,
sewing machine, welding kit
and hand tools

Maker’s Loft Kolkata 3D printer and scanner,
Google Cardboard, laser
cutting machine, etc., for
creative children

Chennai Makerspace Chennai Fabrication laboratory, power
tools, CNC’s, 3D printers, etc.

IKP-EDEN (Engineering,
Design and Entrepreneurship
Network)

Bengaluru Private room, meeting room,
classrooms, cafe, co-working
space, Internet, locker facility,
mentorship services, funding
access

CEPT FabLab CEPT University, Ahmedabad Circuit production, 3D
printing, CNC milling, laser
cutting/engraving, precision
milling and vinyl plotter

Project DEFY (Design
Education for Yourself)

Bangalore and Mangalore Self-learning for schools and
other institutes

58.6.2 Working of Maker Spaces

The idea was to set up spaces with a variety of tools and promote an open culture
that would encourage people to experiment and share ideas so they could innovate
whatever they want to.

Maker space serves not only students but also professionals to design newproducts
using the tools and knowledge sharing at the maker spaces. This is well explained
by an article which discussed about a young BITS-Pilani graduate was working in
research and development of home appliances. He wanted to make something for his
elderly parents which could be easily moveable, bendable and stretchable with less
efforts. He went to “mahadevpura”, an area in Bengaluru city (India) where many
workshops are there. As he approached the workshop owner for building his idea into
reality, he was not really welcomed by the same as the machineries were not easily
accessible for the outsiders as well as the owners were not really keen in the interest
of making a prototype. On the other hand, it is difficult for the designer/innovators to
explain his thoughts and ideas to the craftsmen for the making the same. This gave
the individual an opportunity to make the prototype by himself at a start-up known
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as IKP-EDEN, a maker space in Bengaluru’s Koramangala area. Within fewmonths,
the prototype was ready by using the tools and technology available to him as an
employee in IKP-EDEN. He finally left his job to establish a start-up for his new
product. This example manifested that maker spaces can become a birth/foundation
place for future “Antmanirbhar Bharat”. Maker space provides the ground to work
out the solutions.

58.7 Conclusion

Human has collected uncountable information and it is ever growing. This informa-
tion is transferred to the new generation through academics. It becomes impossible to
teach somuch theory in any streamof academics that it loses the practical approach of
the knowledge students gain. Institutes can become the trigger for students by creating
a practical focused curriculum then a theory-based curriculum.Accordingly, students
will find the need for such spaces where they can work on their assigned projects to
learn more. Here, the maker space can play a major role in creating such practical
platforms. Maker spaces are becoming the playground for art and innovation which
helps grow a self-sustaining society. Maker spaces offer a rich and diverse pool of
people and skills, community-driven approach, and easy access to machinery and
tools. Maker space could prove to be the missing key between education and market.
Artists with functional set up need to open their space to aspiring and budding artist.
Hence, a collaborative approach is verymuch needed in the society. Here, the process
could be the “give and take” one, as in collaboration could be from both sides for a
better functioning. Educational institute will help society to build a platform for the
future generations and to update the market with new job opportunities. Educational
organizations and private organizations have to take steps in coordination to grow
this making culture.
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Chapter 59
Digital Health Interventions to Enhance
Patient Care for Indian Nurses

Vydianathan Ramaswami and Raj Arjunan

Abstract The health care and nursing profession in India has suffered neglect both
historically and in present times.We propose the use of information and communica-
tion technology-assisted learning (ICTAL) for creating a large capacity of qualified,
skilled, and competent health care workforce in a short period. The “Indian Nursing
Knowledge System (INKS)” an online platform uses a blended learning approach
with, including, but not limited to customized, individualized digital health content,
maximum utilization of smartphones, Web portal, SMART products, simulations,
with inter-sectoral coordination with sectors of society addressing health and well-
being. We envisage improving nurses’ clinical skills, competence, critical thinking,
decision making, and the ability to work in teams.

59.1 Objectives

• Identify the problems confronting the Indian nursing education, training, partic-
ularly at smaller institutions, without their own hospitals.

• Understand the prevailing conditions of the nursing profession in the Indian
healthcare system, particularly from the patient and family point of view.

• Propose digital health intervention (DHI) for efficient care management.
• Integrate information and communication technology in nursing education,

training, and practice for enhancing personalized patient care.
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59.2 Research Methodology

Three subject matter experts consulted, from the health sector in the research for
this paper are: Dr. K. V. Arulalan; Nurse Mohana: Practicing in Singapore, Nurse
Renuka: Practicing in the USA, possessing vast experience in using technology for
patient care. The authors have years of experience taking care of their parents with
chronic comorbidities at their end of life. The process of this study are:

Step 1: Study relevant content through online published sources, and under-
standing the subject through secondary data [1].

Step 2: Analysis of existing nursing practice through semi-structured interviews
with experienced people from medium-sized hospitals (bed strength not less than
150), telephonic interviews with nursing practitioners in India, Singapore, and in
the USA about nursing in global contexts’ [2]. Learned about realistic issues related
to the implementation of health technologies in pilot project from written notes of
health activists on of Jan Swasthya Abhiyan (JSA) in Tamil Nadu.

Step 3: The author’s core skills and competencies are in designing solutions using
digital technologies; we realize its immense potential for the seamless integration in
point of care systems in Indian nursing education and its practice.

Persons involved in Steps 2 and 3 had personally given care to at least one
bedriddenpatient at home formore than 12weeks. This process enabled in conceiving
solutions for Indian nursing education, training, and practices, in underexplored area.

Background to Indian nursing: The way to transform the Indian healthcare
system is by educating, enabling, and empowering nurses; the nurses are the last
mile deliverers of patient care. There are many published literature about the types
of problems and possible solutions for the nursing profession in India [3–11].

59.3 Indian Nursing Education, Production of Nurses

Some worrying trends appear in the landscape of nursing education; 91% of nurses
come from the private sector [3], a large number of these institutions do not have their
own hospitals with patients. Nursing institutions lack periodical audits and quality
control systems. Spelling mistakes in case sheets of hospitals are an easily available
example. DHI is unheard of in the majority of nursing institutions.

59.4 Emerging Technologies Transforming Nursing
Practices

The transformation of nursing practices using emerging technology is happening at
warp speed, i.e., conceptually, “warp speed is faster than light.” We have developed
Table 59.1, an adaptation from an article by Huston C, “The Impact of Emerging
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Table 59.1 Status of seven emerging technologies transforming nursing in India

A. Technologies already available in large Indian hospitals

1. Non-invasive/minimally invasive tools for diagnosis, treatment, and patient care

Benefits: Detection of diseases, providing care, minimally invasive, and non-invasive tools being
developed to reduce patient risk at less price
Challenges: The rapid penetration of non-invasive and minimally invasive tools, the nurses need
to use in their practice effectively is a serious challenge

2. Digitization of data enable informed clinical decision making and support

Benefits: Digitization of health care has made services affordable, error reduction, and improved
evidence-based practices
Challenges: Integrate technology in health care requires a change of mindsets. The
learning/training requires investments for implementation

B. Technologies nascent in India need time to develop and implement

3. Electronic Healthcare Records (EHR)

Benefits: Digitization of health records enable service providers to access patient information
from anywhere at any time
Challenges: EHR is expensive systems, ownership of patient data, proper usage of data, privacy
protection, and security

4. Biometrics

Benefits: Biometrics increases the security of information and eliminates the costs of managing
user access credentials
Challenges: Impacting costs due to frequent change in the workforce, updating biometric
identifiers in challenging situations

C. Nursing technology present only at theoretical level in India

5. Genetics and Genomics

Benefits: Most disease risks, conditions arising due to hereditary elements with the influence of
the environment, lifestyle, affecting the entire care
Challenges: Nurses have little or no knowledge on genetics and genomics. Educate and counsel
patients and train nurses on latest fields of medicine

6. 3D printing

Benefits: 3D printing enables the creation of human organs as a replacement
Challenges: At present, many biomaterials limitations in 3D printing

7. Robotics

Benefits: Robotics perform routine tasks; do accurate diagnosis, less invasive procedures, small
interventions are precise
Challenges: Robots lack emotions, difficult to replace human caregivers

Technology on Nursing Care: Warp Speed Ahead” [4]. According to this article,
seven emerging technologies will change the practice of nursing; emphasizing three
competencies that nurses have to develop to learn, practice, apply, and four challenges
nurse leaders will face in integrating new technologies.

Hospitals in future will not use paper to store patient data. Use EMR to manage
patients using types of data (images or reports). Share these discreet dynamic data
among care providers via standardized electronic transactions for analysis to make
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informed decisions enabling continuity of care [5] among stakeholders to improve
the quality and safe care of the patient.

59.5 Overcoming Challenges in Indian Nursing

Indian health care faces five main challenges namely awareness, accessibility,
absence, affordability, and accountability in the healthcare system [6]. Let us look at
existing challenges and ways to overcome using existing and emerging technologies
as digital health interventions.

59.5.1 Awareness

Most of the Indian public health campaigns are unsuccessful due to ineffective
communication. There is a need to design innovative and sustained public health
campaigns to change attitudes and behaviors of the citizens. Create awareness
regarding the potential of DHI and its benefits among health workers, policymakers,
administrators, academicians, and health field workers.

59.5.2 Accessibility

Peter F. Drucker, in his “Technology, management and society”, explains the total
marketing approach as increasing the profit by decreasing the cost for the customer.
Peter F.Drucker asserts cost reduction cannot happenwithout eliminating the activity,
which produces the cost. Hospital and health center visits are the source of rising
health costs. If the cost of health needs to reduce, then the hospital visits will have to
be eliminated orminimized [7]. To do this,we need the nurses to performcomplicated
tasks easily with high accuracy and speed. This is possible only through DHI.

59.5.3 Absence of Healthcare Workforce

Indian health care is facing a severe shortage of nurses. Need to reframe the “scope
of work of Indian nurse practitioners,” improve the retention, define career paths,
and assign responsibility.
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59.5.4 Affordability by Making Nurses Deliver Primary Care

The use of technology can reduce the workload stress on the nurses helping them to
perform their tasks in an easier, accurate, and speedymanner. From the time, a patient
enters the hospital or community care center, and the nurse can provide complete
attention to the patient for eliciting information about their condition, perform series
of stipulated tests, record data for the physician’s reference to treating, and prioritize
appointment depending on severity. This requires training and practice for nurses to
acquire new skills, knowledge, and competence for efficient technology integration.

59.5.5 Accountability

Anursing professional is accountable for their actions, consequences of their actions,
and behaviors [8]. Ensuring proper documentation of patient health and treatment
data is the first step in making bringing accountability factor in healthcare services.
After DHI implementation, the confidential patient health information in-hospital
case sheets only available to the patient and potential approved health service
providers (Table 59.2).

Table 59.2 Factors influencing accountability and its enhancement after DHI

Lack of accountability DHI enhances accountability

Job description not available Clearly defined job description provided

Lack of guidelines, standards, and control Easy access to policies and standard operation
procedures documents

Authority not specified Competent authority to conduct nursing audit
for ensuring compliance

Shortage of staff leading to overwork, fast burn
out, and high attrition

Assign roles and responsibilities as per norms
and guidelines

Lack relevant on job training and experience to
improve efficiency

Provide advance training based on individual’s
need/aspiration

Do not have knowledge of best practices, no
opportunity to upgrade skills, knowledge, and
competence

Provide access to acquire skills, knowledge,
and evaluate for accreditation; recognize
performance through financial incentives and
promotion

Obsolete policies, protocols, and procedures Review, redefine policies, and procedures
aligned to present needs

Poor working environment, resulting in high
stress levels

Encourage, incentivize performance in good
work environment

Inadequate staff, supervision by ward managers Ensure adequate personnel and resources
available for patient needs

Lack of decision making Training on leadership, critical thinking, and
decision-making skills
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59.6 Need for Continuous Revision of Nursing Curriculum

In present times, the majority of nurses train for hospital care and not for community
care. Even in-hospital care, technology, let alone digital plays minimum role now.

59.6.1 Bridging the Academia and Industry Gap

ICTAL will enable bridging this critical gap in nursing education and practice, by
training novice nurse students through various case studies as best practices in the
use of technology relevant to the Indian healthcare context.

59.6.2 Nurses Need to Adapt and Adopt New Technologies

“Technology is not about gadgets, but howaperson organizes his or herwork”—Peter
F. Drucker. Technology has innovatively disrupted a physician’s job in India and their
service is productized [9]. Technological solutions need customization based on local
needs across Indian subcontinent. Secondly, medicine is culture-based, which means
the food, lifestyle, approach to health; compliancewith health advice is variable. New
technologies can bring about changes in healthcare accountability.

The components of public health system classified into points of care as primary,
secondary, and tertiary care centers depending on their complexity and the service.
Presently, many “point of care technology”-based gadgets starting from measuring
temperatures; vitals to blood sugar are used. As the health industry matures, nurses
should know the principles of operation for communities proactively participate by
adopting emerging technologies and putting them into practice. To employ DHI
meaningfully in health services, we must know the activities that take place in a
health center. It is ideal to use a medium-sized hospital for exploring the needs of
the patients, lacunae in the provision of services, and the niche for DHI.

i. Medium-sized hospital provides secondary and primary care services.
ii. They have a strong link with the community.
iii. Continuous sharing of learnings frommedium-sized hospital with tertiary care

hospitals and adapted to primary healthcare centers.

National Rural HealthMission in 2005 started to create an architectural correction
in the health system [10].Of thefive pillars created, onewas community participation,
and thus Community Action for Health was born in 2007 [11]. Tamil Nadu with
advanced health indices was one of nine chosen states for comparison. Jans Swasthya
Abhiyan was the nodal NGO at the national level and TNSF, Tamil Nadu. Science
forum at the state level. During 2007–2011, the project done at five districts, Dr.
K. V. Arulalan, was the Vellore district secretary covering 117 village panchayats
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in three blocks. The outcome of this project resulted in creating over 1000 trained
health activists in Village HealthWater Sanitation Committee. The felt needs of field
workers derived from their experiences incorporated in this paper (Table 59.3).

The DHI solutions designed and developed by Dr. K. V.Arulalan Health Center
with Helyxon, a Healthcare Information Technology Company at IIT Madras
Research Park as listed below:

Personal Health Records (mobile application): A pediatric consultation has 10
components.

(1) Need for child’s hospital visit, (2) details of the complaints, (3) past health
history of the child, (4) physical growth, (5) brain development, (6) immunization,
(7) drugs, (8) advice apart from drugs, (9) when to come back, and (10) storage
of laboratory data. Once a patient visits, the summary is available under major
headings at a glance, such as the date of visit, major problems action is taken and
formerly known as problem-oriented medical record (POMR) [12].

Sensor-based Internet of Things instruments—Checking vitals; temperature,
oxygen level, and pulse.

Cloud-based Individual CHATS—Aparent and child need not come every time
to the hospital. Particularly, under two situations.

• Already visited once. The patient needs to follow up care
• In case, the problem is a minor one and a mere text message is enough. The key

difference between SMS and WhatsApp messages, this CHAT is in conjunction
with the health record of the child.

• Telemedicine effectively and commonly used during the COVID-19 times.

59.6.3 Leveraging ICTAL and DHI for Nursing Education
and Remote Care

Nurses in many instances are required to provide care outside of the hospital setting,
which is complicated for coordinating care between clinicians and community care
providers; managing chronically ill patients to prevent worsening of the ailment by
using technological tools to deliver improved quality of effective care. This would
entail the use of mobile-based electronic health records, applications powered CHAT
messages, emails, and answering traditional voice through telephony [13].

59.6.3.1 Online Healthcare Community Platform

As part of the National Skill Development Program, design “Indian Nursing Knowl-
edge System (INKS)” an online learning platform, where nursing trainers, students,
and practitioners can learn, train, and practice from anywhere and anytime. This
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Table 59.3 Tasks of nurse and opportunities for DHI intervention

1 Casualty

Tasks: Take vital signs: Blood, temperature, pulse rate, respiration rate, and blood pressure
DHI intervention: Transfer of patient data digitally to patient health record system for doctor’s
actions. Use of sensor-based instruments for the same

2 Out patient department (Male and Female)

Tasks: Patient health records: enter patient complaints and inform them about follow up care
DHI intervention: Use of EMRs: at point of care, replace had written notes with digital
technology. There is a realization; nurses need to use technology

3 Patient waiting halls

Tasks: Classify patients’ disease status into mild moderate severe and initiate treatment
Intervention: Electronic health record specific for the common ninety conditions is available;
this data used for managing patients and it is triaging

4 Pharmacy

Tasks: In many places, ANM’s work as pharmacists because the salary for a trained pharmacist
is very high
DHI intervention: Design a medicine dispenser with a tray with prescribed medicines for the
patient. Create multimedia medication procedures to educate patients for ensuring compliance,
avoiding prescription errors

5 Nursing superintendent office

Tasks: This is a crucial place often forgotten. Depending on the caseload, trained people should
go where there is a need. For example, a nurse trained in intubation needs to be posted in the
ICU ward; a nurse trained in putting drips for a child should be posted in the pediatric ward.
Normally there is rotation
DHI intervention: Nurses complain that they cannot work in “tension-filled” ward daily; a valid
point. Presently, the decision is a non-clinical one. We need to consider multiple parameters
before a nurse assigned to a particular ward. Using DHI, the daily work allocation done by
considering their skills and experience of the nurses’ before assigning duties

6 Intensive care

Tasks: How to hand over the patient problems to the next duty sister consisting of the patient
list, injections to be given, tests to be done, results to be collected and communicated with
doctors for further care and informing family on developments and requirements
DHI intervention: A study has shown a neonatal intensive care unit produces 1300 pieces of
data per bed. This puts many cognitive loads that are difficult to handle without proper
computing tools. Need for designing specific mobile apps for this purpose

7 Medical and surgical wards

Tasks: In OPD, in the ward also we have to classify people who need attention first, who have
the potential to become sick and discharged patients. Additionally, provide indent of drugs and
injections for the day. Visit of numerous consultants. They may not write down, but say orally
and walk off
DHI intervention: Nurses will have to record, assign, share, and ensure the accuracy of all these
various types of information to that and report it to the concerned department for record
maintenance. Design simple digital devices with tools that will facilitate performing these
regular repetitive tasks

8 At Anganwadi center

(continued)
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Table 59.3 (continued)

Tasks: The team has tools to assess the growth and development of the baby. It is very
time-consuming to fill by referring to many available paper-based charts
DHI intervention: DHI will provide simple design tools to record, store, and retrieve
information about the growth and development of the baby quickly

9 For Asha worker or village health nurse

Tasks: ASHA workers have to maintain 70 plus patient records be it immunization or giving
drugs to Tuberculous patients
DHI intervention: DHI will deliver a comprehensive workflow that will help them to prioritize
their work accessing through their mobile phones

platform will help individual nursing trainers and institutions to “design, implement,
and evaluate the effectiveness of learning and training of their student’s proficiency.”

59.6.3.2 Revise Indian Nursing Curriculum

Constitute a core team of healthcare experts to formulate standards, guidelines for
nursing educators, review content of the curriculum, assess accreditation require-
ments, and revise norms to allow practice for credits consideration using INKS.
Practicing nurses and aspiring trainers will benefit by using INKS for their career
development.

59.6.4 Benefits of Using INKS in Nursing Education
and Practice

INKS will enable nurses working in a hospital environment and community nurses
serving the underserved and marginalized communities living in inaccessible places
in urban areas or rural areas in the following ways:

1. The majority of tasks performed toward patient education, automation of this
content, and its distribution would greatly help to reach quickly.

2. Individualized procedures and protocols to follow, given to patients as audio-
visual presentations, with customization of patient’s language choice.

3. Multimodal communication happens with the nurses apart from one to one
communications: Messages from phone, emails, Web portals, and handles of
social media can be refined and using standard templates, chatbots created, thus,
greatly reducing the workload of the nurses. This saves the nurse’s quality time
to provide humane care, which is only possible by nurses.
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59.6.5 Need for Nurse Researchers and ICTAL Niche

This glaring gap between nursing academia and the needs of the healthcare industry
reinforces the compelling need to conduct continuous research in nursing education
with adequate funding to support evidence-based teaching and facilitating the sharing
of transdisciplinarymedical professional knowledge.Nurse researchers need to focus
on essential improvements that are the key aspects in the delivery of nursing care
to improve the quality and safety of the patient [14]. INKS application in nursing
requires exploring three domains:

(a) Customizing leaning to individual at institutions without additional costs.
(b) Classify nursing duties to reduce their non-clinical work time, e.g., linking

thermometer and weighing machine to the electronic health record. Orally
given physician orders are handwritten notes as records in short time with the
intention for 100% accuracy.

(c) Leveraging communication channels: Use TV, radio, and Internet usingmobile
phones for nursing education and practice in the community.

59.6.6 Broadening of Nursing Competence

In future, the Indian healthcare system will become complex with the increasing
demand of patient care expectations from the health service providers, and registered
nurses will have to possess all-round competence such as use of digital technology,
genetics, quality improvement, and geriatrics. We will need a lot more nurses than
physicians to deliver care; directly, over the phone, and through multiple gadgets
specifically during crisis like COVID-19. Nursing education and practice will have
to be in linewith changes in clinical requirements. The nursing courseworkmust align
to real-life situations to provide care by inheriting legacieswith great responsibilities;
particularly for serving themarginalized and underprivileged. The pioneer inNursing
Florence Nightingale in the 1870s wrote, “It would take 150 years before we would
achieve the kind of nursing I envision.” That has arrived both metaphorically and
chronologically.

59.7 Conclusion

The Indian healthcare system is facing a severe shortage of 2.4 million nurses [15].
To build large qualified, competent and skilled nurses is only possible by digital
technological intervention like “Indian Nursing Knowledge System” (INKS), in a
short time. Future nurses must be competent in using digital technologies while
providing patient care. INKS platform will provide simple to complex healthcare
simulations accessible through mobile devices. In India, the government need to
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frame relevant healthcare policies and guidelines with methods for ensuring proper
implementation with periodical audits to enumerate data on the effectiveness of
social healthcare programs. As an example: Let us take diarrhea, ensure regular hand
washing, drinking boiled/hot water, along with the intake of prescribed medicines by
individuals supported by local healthcare service providers. The external factors such
as regular cleaning, sanitization of the living habitat/environment, and subsequent
periodical chlorination are issues that are to decide upon by the policy makers in
coordination with respective organizations.

Use DHI to disseminate policy information among stakeholders for execution and
monitoring, sharing audit results for improvement. The transformation in providing
enhanced healthcare service using technology must reach primary health centers and
village hospitals for making timely, accessible, affordable, and quality health care
reaches the unreached andmarginalized urban and rural poor. The pioneer inNursing,
Florence Nightingale in the 1870s wrote, “It would take 150 years before we would
achieve the kind of nursing I envision.” That time has arrived both metaphorically
and chronologically.
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Chapter 60
Enhancing Creative Learning Methods
by Immersive Virtual Reality: A Pilot
Study in Classroom Environment

Sumana Som, Deepak John Mathew, Shivanes Phillipson, and Indranil Saha

Abstract Technology is increasingly essential in engaging millennials. Over the
past few decades, education pedagogy has struggled to develop new methods and
tools to create better and higher quality education. Virtual reality (VR) technology
is one of the solutions for new education pedagogy that can solve the restriction of
space, time, and the act of learning. The VR inclusion into learning pedagogy also
facilitates self-learning and problem-solving as well as assist students to explore
new ideas. This study aims to develop and trial lessons of art and design using VR
technology instead of traditional art and design classes. The participants are 6th
standard school students. Within traditional teaching of art and design, depth of
learning is insufficient. To challenge the traditional environment, VR technology-
based art and design lesson are applied in the core curricula of art education in
this study. Two sets of tests are conducted with 6th graders, one is pre- and post-
test with VR-based lesson, and the other is pre- and post-test with non-VR-based
lessons. Overall, this study hypothesizes that VR will make for better learning and
upskilling of students’ knowledge of art and design. This study found that the teaching
outcome with VR and conventional teaching outcomes has a number of significant
differences. Besides, it shows the pathway of VR-based teaching methodology in
classroom environment.
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60.1 Introduction

Teaching and learning are the core and a rather complicated part of any education
system and forms the activity between teachers and students. The teacher is one
who plays a vital role in teaching subjects, developing skills and concepts. To a
certain extent, the teacher’s role is not only teaching the subject but also to develop
the effectiveness of teaching on the topic [1]. Effective teaching includes a set of
criteria, such as proper instructional design and delivery by using particular subject
content and recourse, classroom management, process of action in the classroom
such as cultivate thinking skills and stimulate interest in the topic [2]. Effective
teaching and creative teaching are mutually exclusive and vice-versa [3]. On the
other hand, creative evolutionary teaching requires three process; generating a new
idea, a variation on original subject, and the procedure must be original and unique
[4]. According to Jerome Burner (1962), the act of creativity produces ‘effective
surprise.’ Hence, the effective and creative teaching apparently intertwined in the
teaching–learning scenario. From the last few decades, educators from all over the
world have been concerned and are continually evolving the new pedagogy methods.
Nevertheless, the applicability of enhancing creativity in the pedagogy is one of the
challenging tasks [5]. In the Indian educational context, educational policymakers
are reinforced creativity from a few years before [6], but it is diversely accomplished
in a modern school setting.

Due to the Indian government initiative on creative education, but there are many
ambiguities andmisconception between creative education and teaching of creativity
[7]. Part of the study claims that the school’s busy curriculum schedule kills creative
skills of students [8]. Few article and report stating that 50% of educators believe
that current education system does not foster creativity and 34% of them shows
insufficient recourses and tools [9]. In the present situation, with the advent of new
technology, teaching methodology is seeking a new technology aid [10]. However,
there is no technology and simple framework prescribed for the application of effec-
tive pedagogy. Therefore, it is clear that the concept of creative education is not
widespread in the school education scenario in India.

One source of solution to enhance creative learning is virtual reality-based (VR)
pedagogy. Several kinds of research have been showing its possibility in teaching
and training sectors [11]. The characteristic features of VR technology have opened
up many possibilities such as enabling visualization of abstract content, providing
informationwith enhanced clarity, and allowing students to take part physically in the
learning environment actively [12]. Within these possibilities of pedagogy assisted
by VR, specific characteristics are an invocation of creative phenomena in the field
of pedagogy of school education. For instance, immersion, that nourishes the idea of
problem-solving and instills persistence toward the topic [13]. Rich visual informa-
tion connected with similar topics, co-presence, that changed/develop the concept
of space [14]. In addition, using ‘Avatar’ for self-representation, multimodality that
can help to encapsulates the functionality the virtual worlds to connect with different
communication systems [15].
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In this small quasi-experimental pilot study, researchers took initiative to create
a process of VR-aided teaching for art and design as a cross-curricular activity.
According to Bill Lucas creativity, it can be demonstrated in any subject and any
aspect of life [4]. The method of experimental teaching of other subjects such as
physics, biology, and geography, VR tools have already been developed and success-
fully implemented in school. But the study of art and design assisted by virtual reality
for the school level is rare and is not implemented in an obvious way in India. There-
fore, this study examined the possibility and effects of VR-assisted art and design
programs for the Indian school. Consequently, this research introspects the results in
light of a qualitative discussion to identify changes in the creative learning platform.

60.2 Literature Review

In order to review the existing knowledge based on the effectiveness of virtual reality
in education, the trajectory of the virtual reality and education sector meets in a
common factor; the creative phenomena. This review identified some crucial points
to make connectivity between virtual reality, creative teaching, and art and design
study.

60.2.1 Awareness of Technology-Based Pedagogy

Currently, digital technology is more personalized and has come in various forms,
such as augmented reality, virtual reality, and the holograph [16]. The government of
India’s initiatives on the digitalization of education systems is promising. Although
there are many inequalities of digital technology, adoption issues in government
school across countries. Gurumurthy (2010) presented a case study of information
and communication technology (ICT) programs in school education in terms of
private–public partnership models versus the integrated approach [17]. In 2013,
National Council of Educational Research and Training (NCERT) published a
curriculum for ICT training [18]. On the contrary, some studies show the imbal-
ance of technology-integrated learning such as recourses, connectivity, and storage-
related challenges, maintenance, up-grading software, content developer, and the
trained teacher are significant challenges across Indian school and universities [19].
After that, a report by TATA Trust and IT for change published in 2018 in which
it was vividly described ICT implementation procedure in school [20]. In a very
recent national policy of education 2019, it has actively focused on technology-based
education [21].

Throughout the reports and study, it is very evident that Indian schools’ proceeds
into technology-based education forum. Although emerging technologies are not yet
adoptedwidely, it is under experiment that howmuch technology could be applicable
for classroom teaching and how it could be applicable for self-learning.
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60.2.2 Virtual Reality and Teaching–Learning Process
of Creativity

Jerome Dinet et al. says that immersive feelings are an intersection of perceptual-
cognitive motor process and external environments, although immersive-ness of
every single people could be different from each other [22]. Likewise, full-body inter-
active learning environments are very impactful to develop cognitive insight where
the body is the mediator of making meaning [23]. According to author M. Glen-
berg conceptual knowledge grounded on sensory motors representations [24]. A VR
environment took an active part to triggered imagination with miscellaneous visual-
ization. The imagination as a prevalent technological metaphor connected students
with situated activity [25]. Felipe Becker Nunes et al. explored a comparative study
on the OpenSim virtual technology versusMoodle learning platform on science class
on 6th standard students, and the result shows the VR-based learning performance
is better than Moodle platform [26]. A quasi-experimental study on 10th standard
students by Tiwi Nur Asthuti et al. shows that VR integrated learning improves
critical thinking and scientific attitude [27].

60.2.3 Creative Corner of Virtual Reality Technology Within
Art and Design Study

Many VR researchers have explained how VR impacts learning experiences and
outcomes concerning knowledge acquisition [28]. However, is this virtual reality-
based technology equally useful for learning the art or innovative design learning?
The relevance of art and design in educational practice is ‘hands-on’ or practice-based
learning [29]. The hands-on learning provides an opportunity for authentic sensory
experiences and encourages empathy, self-reflection, and a tangible connection to
the real world. Likewise, virtual reality provides students with a three-dimensional
interactive environment, which is very effective for perceptual understanding [30].
However, this technology is rarely used for teaching art and design, such as using 3D
rendering in virtual reality to develop sketch leaning [31], 3D visualization of virtual
scene simulation for illustration learning, digital art teaching system with interac-
tive virtual technology. Koun-Tem Sun et al. (2010) show improvements of sketch
capability with VR-aided training systems of elementary students [31]. Yan Song
(2018) says that to demonstrate the design concept, VR technology help to simulate
the sense effect and also increase fidelity, vividness, and perceptual knowledge of
design or artwork and consolidate the experience [32].
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60.2.4 Summary of Review

The literature review shows that there is continuous effort to develop a tech-savvy
pedagogy in school education. Especially, the study indicates the creative aspects
of VR-based pedagogy in overall education and potential aspects for art and design
study. There is an enormous attempt to apply VR in artistic activity, whereas VR
application on art and design teaching is comparatively less. Besides, a technology-
based training procedure includes embodied interaction that amplifies a hands-on
learning procedure, which is a crucial aspect of art and design study. Hence, the
study presumption is how differently effective VR-based art and design learning
than traditional studio-based learning (H1).

However, there are many advantages of digital technology-based pedagogy for art
and design. Still, there is no detailed instruction to develop the curriculum. Specif-
ically, we need to identify whether or not the part of the syllabus endorses digital
technology integration. The school not yet applied broadly to VR-based art and
design pedagogy. Therefore, this empirical study (pilot) attempts to discover the
effectiveness of VR application on art and design learning concerning skill (H2),
concept, and perception development (H3, H4). The four assumptions (H1, H2, H3,
H4) focuses on a trial of VR-based teaching methodology for art and design study
in classroom environment.

60.3 Hypothesis

• H1: There is statistically significant difference in mean without and with VR
learning performance of 6th grade students.

• H2: There is statistically significant difference in mean value of learning artistic
skill of 6th grade students with VR and non-VR

• H3: There is statistically significant difference inmean value of achieving creative
capability of 6th grade students with VR and non-VR.

• H4: There is statistically significant difference in mean value of accumulation of
knowledge of creating art and design and development of cognition of 6th grade
students with VR and non-VR.

60.4 Methodology

A quasi-experience follows the study with a quantitative approach followed by a
qualitative discussion on the performance of students andVR-based teachingmethod
in classroom environment. The methods contain pre-test and post-test observations
based on the tasks. The entire test procedure obtained three stages; first, the pre-test
where only the question of the task provided without any explanation. Second, the
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intervention (without VR and VR) explains the concept and teaches them the tradi-
tional method and, later, the VR-assisted method. Third, a post-test where students
have performed with the same question.

60.4.1 Sample

The settingof this study is a residential, public educational institution—the residential
school named Telangana SocialWelfare Residential Educational Institutions Society
(TSWREIS) based in the city of Hyderabad. A convenience sampling is carried out.
Students have limited experience in technology-based teaching–learning such as
mobile, tablet, and desktop. They have no experience in a virtual reality environment.
Certain factors are taken into account when selecting the target participants and
school for the test. First of all, for research, students are selected from 6th standard
students, age group of around 11–14 years. A small-scale pilot study conducted
with six students to figure out the VR impact on particular art and design lesson in
classroom scenario.

60.4.2 Data Collection Strategies

A task-based pre- and post-test are performed with the intervention of non-VR and
VR tools in which students are instructed to create a design. Three variables are
defined, and 33 items have been constructed as a tool to collect the responses using
10 points Likert scale in which the score 1–2 poor, 3–4 reformative, 5–6 moderate,
7–8 good, and 9–10 excellent.

The main observation deals with significant aspects; (1) each student’s artistic
skill capacity (ASC), the skills are considered as substantial characteristics of studio
art practice [33]. (2) Overall creative capability (CC), it follows standard art assess-
ment criteria prescribed by Donna Key Beattie [34], and (3) topic-wise knowledge
and cognitive development (KOC). The items are developed by following Henrik
Hagtvedt’s (2008) scientific framework of perception and evaluation of visual art [35]
and Anderson and Krathwohl’s (2001) higher-order level of thinking skills frame-
work [20]. The tool was reviewed by art and design educationist and VR expert. The
participants were suitably coded to ensure confidentiality. The evaluation of the test
done by three schoolteachers individually.

60.4.3 Pre-test—Intervention—Post-test Design

The test will include two procedures; First, without a technical device and, secondly,
with technological tools (VR-based teaching). The entire group of students assigned
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Fig. 60.1 Pre-test and post-test with non-VR teaching (Task: interior view of classroom)

for the first pre-test 30 min, and 15 min intervention with traditional teaching
methods, then for the post-test for 30 min. The same group of students assigned
for first pre-test 30 min and intervention with virtual reality tool-based teaching,
then post-test for 30 min. The VR-based intervention took 30 min; each student gat
5–6min to experience in the VR environment. Two days gap has maintained between
traditional teaching-based tests and digital tool-based tests.

60.4.4 Limitation of This Study

This study is limited to art and design pedagogy. The VR content is developed
based on NCERT art and design syllabus instruction and 3Dmodels have taken from
NCERT other subjects’ books (History, Geography andGeneral Science). Therefore,
this content is customized who are following NCERT books. This particular VR
environment can run only in Unity 2019.1.0 Beta 1 and viewer can experienced with
HTC VIVE pro head mounted set and hand controller (Figs. 60.1 and 60.2).

60.5 Results and Data Analysis

The study applied three stages to analyze the quantitative data of this study. Firstly,
the mean values of assigned marks based on the measurement items were calculated.
Mean values were categorized in two subgroups for each student: pre-VR demon-
stration and post-VR demonstration. Secondly, the mean values of assigned marks
were classified based on the dimensions of the research framework, which are ASC,
CC, and KOC, keeping the pre-VR and post-VR categorization in place. Finally,
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Fig. 60.2 Pre-test and post-test with VR-based teaching (Task: outside view of your school)

the overall and dimension-based mean values were analyzed through paired two
samples t-test, which is a statistical method to conclude if there is any mean differ-
ence between two sets of observations [36] Pre- and post-VR observations, in the
context of the current study. Tables 60.1, 60.2, 60.3, and 60.4 illustrate the findings
of this analysis.

There was a significant difference in the overall scores for post-non-VR (M =
4.01, SD = 0.34) and post-VR (M = 5.69, SD = 0.48) observations; t (5) = −8.3,
p = 0.00. For the variable artistic skill capacity of individual artistic items (ASC),

Table 60.1 t-test: paired two sample for means (overall)

Mean SD Variance Observation df T stat P(T ≤ t) two-tail

Post-non-VR 4.01 0.34 0.12 6.00 5.00 −8.38 0.00

Post-VR 5.69 0.48 0.23 6.00

Table 60.2 t-test: paired two sample for means (ASC)

Mean SD Variance Observation df T stat P(T ≤ t) Two-tail

Post-non-VR 3.60 0.20 0.04 6.00 5.00 −7.34 0.00

Post-VR 5.20 0.46 0.21 6.00

Table 60.3 t-test: paired two sample for means (CC)

Mean SD Variance Observation df T stat P(T ≤ t) two-tail

Post-non-VR 4.67 0.35 0.12 6.00 5.00 −6.01 0.00

Post-VR 6.78 0.86 0.74 6.00
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Table 60.4 t-test: paired two sample for means (KOC)

Mean SD Variance Observation df T Stat P(T ≤ t) Two-tail

Post-non-VR 4.33 0.89 0.79 6.00 5.00 −5.15 0.00

Post-VR 5.89 0.91 0.82 6.00

there was a significant difference in the scores for post-non-VR (M = 3.60, SD
= 0.20) and post-VR (M = 5.20, SD = 0.46) observations; t (5) = −7.34, p =
0.00. For the variable creative capability of entire work (CC), there was a significant
difference in the scores for post-non-VR (M = 4.67, SD = 0.35) and post-VR (M =
6.78, SD = 0.86) observations; t (5) = −6.01, p = 0.00. For the variable knowledge
orientation and cognition with topic (KOC), there was a significant difference in the
scores for post-non-VR (M = 4.33, SD= 0.89) and post-VR (M = 5.89, SD= 0.91)
observations; t (5) = −5.15, p = 0.00.

From the above results of each variable, it is evident that the mean post-VR
ratings were significantly greater than zero. The two-tail p-values (0.00 in all cases)
were less than the significance level 0.05, providing evidence that teaching through
VR technology was effective in students’ art and design learning performance. The
summarization of the findings says as the two-tail p-values for all four cases came
out to be less than the significant level 0.05, we accept all four hypotheses (H1, H2,
H3, H4).

60.6 Discussion and Conclusion

The purpose of this pilot study to develop and trial the effectiveness of non-VR and
VR-based art and design teaching in set up of classroom environment. The study
utilized VR-based pedagogy to improve the learning of drawing and design skills,
and creative capacity to develop a complete artwork. The study triangulated findings
from the observation of participants’ activity, and a quantitative analysis produced
several highlights. This small-scale indicative data utilized to test VR-based teaching
methodology.

The results showed thatVR-based learning performance indeed offers a significant
benefit. The study examined the changes in drawings before and after VR-based
intervention. The evaluation started with assessing the skill of drawing and how
students observe and reimagine the objects and space. The findings of artistic skill
capacity (ASC) and creative capability (CC) assessment came out with some fact
that indicates embodied learning with VR tools gives them a new insight to break
the stereotype imagination (appendix). The ASC assessment follows holistic rubrics
for standard-based assessment in the visual art 6th standard prescribed by Dorn [33]
and NCERT fine arts evaluation criteria [37]. It is mentioned that the work of art
must represent complex conceptual ideas, inventiveness, imagination, risk-taking,
and compositional skills. The test result of post-VR work carries several changes,
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such as introducing a scientific perspective, detailing each object, adding newobjects,
making variations in lines, and making accurate shapes of objects.

Overall creative capability (CC) assessments follow suggestions for creativity
assessment prescribed by Beattie [38]. As per Beattie’s suggestion, the work should
show intuitive skills and show the formulation of a new idea, a heuristic search on
method, and the application of abstract relation to generating a new understanding.
In the analysis of post-non-VR and post-VR tests, the study responds to significant
changes that lead to the effectiveness of immersive VR environments and embodied
learning. The works are showing a continuous process of adjustment the overall
composition, manifestation of a different viewpoint, an intense attempt to create a
new style, breaking the stereotype patterns, introducing folk elements in a new style.
Evaluation on knowledge orientation and cognition with the topic (KOC) followed
by Henrik Hagtvedt’s (2008) scientific framework of perception and evaluation of
visual art [35] and Anderson and Krathwohl’s (2001) higher-order level of thinking
skills framework [20]. Here, the study assessed conceptual, factual, and procedural
knowledge applied with cognitive dimensions, such as remembering crucial points,
understanding the facts, problems, and agendas, analyzing the topic heuristically,
creating the final work of art, or formulating a design. In this study post, the VR test
showsmany changes in their work (appendix). Their retention is higher than the post-
non-VR test. Every single point, they are pointed out by annotation and symbols. As
students are first experiencing VR, they are taking little extra time to get accustomed
to the virtual environment. Once they habituated, the level of understanding is more
profound. It reflects on their verbal and gesture reciprocation. The work also shows
they analyze the complete work and emphasizing particular objects by detailing, bold
line, and size.

In the endeavor of creativity teaching in the twenty-first century, VR-based art
and design teaching is not a substitute for the traditional teaching method. It is a
tool for making effective, versatile teaching and enriches students understanding
and invigorating their abstract ideas. It is a parallel method of teaching. Although
the integration of VR technology in art and design education is still challenging for
teachers, it requires a profound knowledge of content and software knowledge.

60.7 Scope for Further Study

The pilot study obtained a positive result. Consequently, this research will be applied
to a more significant number of students in order to establish a much more reliable
art and design effective pedagogy strategy based on virtual reality.
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Appendix

Variable 1: Artistic skill capacity (ASC). Items: fluency of line pattern, stroke
strength, variations of line quality, accuracy of couture, level of confidence, natu-
ralism of each object, detailing of each object, ability to render complex image,
originality of innovative formmaking, adorance to one-point perspective, considera-
tion of gravitational parameter, spacemanagement within the frame, use of design/art
principles

Variable 2:CreativeCapability (CC). Items: shape accuracy of elements, structural
arrangement of various elements within this frame, linear variations of different
objects, accuracy of each objects and proper placing within the frame, awareness of
art and design principle, ease of making

Variable 3: Knowledge & Cognitive process dimension (KOC). Items:
Factual(remember): recalling all the important information, provide annotation.
Conceptual and Procedural (understand, apply, analyze): Annotation with objects,
clear idea, came out with specific visuals, Adoption of images from teaching visuals,
develop image with Juxtapose, imaginary image, demonstration their idea critically
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Chapter 61
The Influence of Industry 4.0 on Product
Design and Development: Conceptual
Foundations and Literature Review

Sravan Tatipala , Tobias Larsson , Christian Johansson ,
and Johan Wall

Abstract Since its introduction in 2011, industry 4.0 has been coined the “fourth
industrial revolution” following mechanization, industrialization and IT/automation
as the first three, and represents the current trend of automation technologies (cyber-
physical systems, Internet of things, cloud computing, etc.) in the manufacturing
industry, with their potential for disruption of the manufacturing paradigm as we
know it. However, the effect and role of industry 4.0 on the design and development
of the new products to be manufactured in industry 4.0 facilities is not clear. This
research presents a literature review to: (1) understand the concept of industry 4.0
from an implementation (state of practice) viewpoint, (2) learn about approaches
and considerations currently deployed for developing products to be produced in
manufacturing plants progressively transforming into industry 4.0 environments.
Results reveal that the potential of industry 4.0 is underexploited within product
design and development, especially in the conceptual stages lacking methods, tools,
and approaches. While later stages of the product development (production plan-
ning, ramp-up) have received some attention in regards with optimizing production
operations, several publications acknowledge its potential to benefit earlier process
stages.

61.1 Introduction

The fourth industrial revolution commonly referred to as industry 4.0 [1] is believed
to have a profound impact on various industrial sectors, especially the manufac-
turing domain [2, 3]. Industry 4.0 represents focus on end-to-end digitization of all
physical assets and its integration into digital ecosystems with value chain partners
[4]. Industry 4.0 is characterized by emerging technologies such as the Internet of
things, additive manufacturing, mobile Internet, wireless sensor networks, big data
analytics, cloud computing, cyber-physical factories, nanotechnology, interconnec-
tivity of machines, robotics and artificial intelligence [5]. Since a majority of the
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discussion in the context of industry 4.0 is focused around manufacturing aspects
[6], the role and scope of industry 4.0 s innovation potential in the product devel-
opment process is still largely unexplored, particularly in regard to product design
decisions. Wettach et al. [7] assert that the digital transformation sparked by industry
4.0 is meant to be a lot more than a technology-driven change. Over the past few
decades, industries have frontloaded their modeling, simulation and design explo-
ration activities with the intention to improve knowledge early on, make informed
decisions already in conceptual stages of the product development process [8] and
use this knowledge in manufacturing. Manufacturing plants all over the world, in
diverse sectors, are now being upgraded in accordance with industry 4.0. To take full
advantage of these investments, it is essential to comprehend the interconnectedness
between and the effect of industry 4.0 on the product design and development process.
Thus, this paper conducts a systematic literature review (SLR) for: (1) clarifying the
concept of industry 4.0 from an implementation (state of practice) viewpoint; (2) for
attaining an overview of the methods, tools and considerations currently employed
for product design and development in the context of industry 4.0. The governing
research questions are; (1) What are the key components of an industry 4.0-enabled
manufacturing facility? and (2) what method, tools and considerations are design
teams employing while designing products to be produced in these factories? Addi-
tionally, the authors will reflect upon and foster the ongoing discussion of the role
of product design and development in the current industrial transformation.

61.2 Research Approach

The approach employed for carrying out the SLR is based on guidelines presented
in [9, 10]. The review process can be divided into two stages: planning and execu-
tion. The planning stage encompassed defining the search topic, scope, choosing
and justifying the choice of database(s), formulating search string(s), defining
inclusion criteria and planning analysis procedure. The execution stage involved
searching and collecting literature, iteratively pruning through resultant literature,
reviewing the references in the collected literature to identify further relevant studies
(cross-reference) followed by classification of research into relevant categories and
summarization of the review findings.

61.2.1 Data Collection and Analysis

An overview of the literature review execution is depicted in Fig. 61.1. The source for
collecting literature is divided into two categories: source 1 and 2. In order to under-
stand the concept of industry 4.0 from a state of practice viewpoint, the perspectives
of global actors were gathered by reading their blog posts, opinion papers, maga-
zines and feature articles. Company specific research literature is gathered using
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Fig. 61.1 Overview of the literature review execution (inspired from [14])

Google Scholar, Scopus and company webpages all of which is collectively termed
as source 1. To learn about methods, tools and considerations currently employed
while designing products for industry 4.0 environments, Scopus database is used
due to the wide range of peer-reviewed scientific literature it offers and its proven
relevance in the field of research which constitutes source 2. To identify further
relevant studies, backward search [11] was conducted by reviewing references of
the papers previously gathered (cross-reference). Other relevant databases such as
Web of Science or EBSCO are excluded from the current review since the study is
initial in nature. In addition, [12, 13] is referred to gather background knowledge on
traditional approaches to conduct manufacturing, assembly, cost assessments during
product development.

The search stringused in source2 is as follows; (TITLE-ABS-KEY (“product devel-
opment” OR “product innovation” OR “product design” OR “engineering design”
OR “preliminary design” OR “concept* design” OR “concept* develop*” OR “early
design” OR “initial design” OR “fuzzy front end” OR “design space exploration”)
AND TITLE-ABS-KEY ({Industry 4.0}OR {fourth Industrial revolution}OR {design
for industry 4.0} OR {cyber physical system} OR {cyber-physical system}) AND
TITLE-ABS-KEY (“manufactur*” OR “production” OR “smart manufactur*” OR
“digital manufactur*” OR “flexible manufactur*”)) AND (LIMIT-TO (LANGUAGE,
“English”)) AND (LIMIT-TO (DOCTYPE, “cp”) OR LIMIT-TO (DOCTYPE, “ar”)).
The search string forces the result to involve three domains namely, product design
and development, manufacturing process and industry 4.0, resulting in literature with
overlapping research domains. Search operators “AND” and “OR” are used due to
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the fragmentation of literature in the area in addition to wildcard character “*” to
retrieve variations of a word. The search resulted in 335 hits with 1 duplicate hit
which was eliminated. Only conference and journal papers in English were consid-
ered. The screening process involved three steps as shown in Fig. 61.1. To be qualified
as relevant, the papers had to consider design aspects with regard to manufacturing
during the product development process in the context of industry 4.0. Papers not
addressing product or production system or related design aspects in connection
with manufacturing were excluded. Literature from source 2 was exempted from
this criterion to grasp the concept of industry 4.0 in its entirety. Every paper from
the finalized set was fully read, summarized in one or more sentences, mapped into
relevant categories followed by trend analysis.

61.3 Review Findings

61.3.1 Industry 4.0 and Its Key Components

Since the German initiative “Industrie 4.0” appeared in 2011 [1], marking the dawn
of the fourth industrial revolution, it has received increased attention from several
industrial sectors. In 2013, the “Industrie 4.0 working group” published first recom-
mendations [15] for the implementation of industry 4.0, detailing its vision, enablers
and some application scenarios. Despite its popularity, companies still struggle to
grasp the idea of industry 4.0 [16] with diverse perceptions of the concept [17] and
manifold review papers [18, 19]. Besides, very few real-life examples of industry
4.0 exist [20] with most being lab-scale or novice industrial implementations. Three
key and commonly accepted components of industry 4.0 have emerged in litera-
ture as: cyber-physical systems (CPS), Internet of things (IoT) and smart factory.
CPS is the integration of computation, networks and physical processes in which
embedded computersmonitor and control physical processes through networkswhile
physical processes in turn affect computation through closed feedback loops [21].
CPS enables an important feature of industry 4.0 which is the fusion of the phys-
ical and virtual worlds [17]. IoT is the network used to connect smart components
(e.g., sensors, actuators, logistics and tablets) in a factory allowing data transmission,
interaction and cooperation for synergistic operation [17]. Smart factory is a context-
sensitive manufacturing environment that assists machines and humans in execution
of complex tasks efficiently [22]. Hence, industry 4.0 is an umbrella term encap-
sulating digital technologies and the aforementioned concepts aimed at enhancing
current industrial operations [20] while meeting challenges such as growing sustain-
ability requirements, fluctuating market demands, shorter development times as well
as increased appeal for customized products and integrated lifecycle solutions like
product–service systems [23]. In an industry 4.0 environment, smart factories consist
of CPS that are capable of autonomously exchanging information, triggering actions
and controlling each other over IoT infrastructures [17]. Smart products in these
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factories are uniquely identifiable, can be located at all times, are aware of their
current status/history and can navigate routes to achieve target state [15]. Further-
more, industry 4.0 aims to realize end-to-end digital integration of engineering across
industrial value chains and business processes, a digital model-driven process from
start to end [23]. Empirical evidences for the implementation of industry 4.0 concept
is presented in [20].

61.3.2 Role of Design in the Realm of Industry 4.0

Figure 61.2 (left) illustrates the most significant economic opportunities of industry
4.0 according to a global survey [24] interviewing experts within six nations.
Amongst others, production optimization is seen as one of the main economic bene-
fits. Furthermore, [6] acknowledges thatmost of the research in the context of industry
4.0 is concentrated around improving manufacturing operations while some publica-
tions [6, 7, 17, 25] admit the importance of design for the successful implementation
of industry 4.0. Regarding design, both design of production systems as well as the
design of products to be produced in these systems are of interest. Patil et al. [26] and
Bertoni et al. [27] assert the need to alter our product design and development strate-
gies, which, in the context of industry 4.0, are meant to support continuous improve-
ment over the entire product lifecycle using real-time product data. For example,
unlike the traditional way of developing products in discrete generations, ABB and
Tesla collect data from their products in use to release new features via software
updates [28]. The role of design in actualizing industry 4.0 is further emphasized
by [7] which claims that “without design, industry 4.0 will fail” and presents six
areas where design accelerates successful digital transformation in manufacturing.
Likewise, [29] urges the need to combine knowledge from different disciplines and
create sharing platforms since exclusive reliance on traditional engineering is no
longer sufficient with design practices at the core of the digital revolution. Research
also reports that investing in technology alone cannot meet the challenge of this
digital transformation [30] and that industry 4.0 is meant to be a lot more than a

Fig. 61.2 Most significant economic opportunities of industry 4.0 based on a global survey [24]
(left) and categorization of papers gathered from source 2 based on publication year (right)
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Fig. 61.3 Illustration showing the number of papers categorized based on the application domain
(left) and research focus (right)

technology-driven change [7]. Since the product design and development process
defines the value chain for a company to a large extent, design is believed to play a
major role in fully benefiting from the fourth industrial revolution [25].

61.3.3 Manufacturing Considerations during Product Design
and Development in the Context of Industry 4.0

This section presents analysis of papers from source 2. The product development
process as presented by Ulrich and Eppinger in [12] is taken as a reference due to
its generality. Figure 61.3 (left) shows categorization of literature based on appli-
cation domain. The single most popular field is automotive (12 papers) followed
by aerospace (8 papers). The majority (34 papers) fall under the general category
in which research conducted does not belong to a specific domain. A deeper look
reveals that these papers are published by research organizations and universities
depicting the research topic’s popularity. Other industrial sectors such as shipping,
chemical, railways and construction industries (6 papers) are beginning to show
interest in addition to electronics and food sectors (14 papers). From a time perspec-
tive, Fig. 61.2 (right) shows a constant rise in the number of publications focusing
on product design and development in the context of industry 4.0, with exponential
growth over the past four years. Figure 61.3 (right) shows the classification based on
the “focus” of papers.While the focus of themajority (22papers) is centered onmanu-
facturing costs, material, process and assembly assessments, research reviewing and
proposing overall process frameworks/architectures for industry 4.0 implementation
(13 papers) have received significant interest. Similarly, papers focused on design
features for facilitating aspects such as customizability, robustness, smartness have
attracted good attention (12 papers), although presenting only initial studies. Like-
wise, production planning, analysis andmanagement approaches have received good
attention (11 papers). The category concerning conceptual design of products has
received the least attention (4 papers) while other aspects such as factory optimiza-
tion, quality improvement, additive manufacturing, sustainability were the focus of
12 papers.
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Fig. 61.4 Categorization of papers based onmethods/tools/approaches employed (left) and sources
of feedback (right)

Considering the methods, tools and approaches used in the analyzed papers (see
Fig. 61.4, left), it is seen that a vastmajority are employing traditionalmethods such as
design for manufacturing/assembly (DFMA) (20 papers) and design for X (DFX) (5
papers), either directly or withmodifications to suit industry 4.0 factory features such
as flexibility [31], cyber-physical systems [32], customizability [33], recyclability
[34]. Likewise, considerable papers present generic methods (16 papers) in addition
to specific methods (10 papers) to support development of industry 4.0 solutions.
These methods involve technologies such as augmented reality [35] virtual reality
[36], digital twins [37], cloud-based platforms [38], while some of these methods
support specific design aspects such as integrability between product design and
manufacturing [39], design of product quality monitoring systems [40], intelligent
product design with CPS feedback [41], CPS user interface design [42], IoT-based
systems [43].

15 papers were assigned to “other” category, which involved methods featuring
simulations, automated/smart/generative design, knowledge feedback, product life-
cycle management (PLM) and manufacturing execution system (MES) tool-based
approaches as well as review papers. Further categories (7 papers) involved methods
based on design for additivemanufacturing (DFAM), failuremode and effect analysis
(FMEA), overall equipment effectiveness (OEE) and total productive maintenance
(TPM). It is interesting to note that only one paper [6] presents a method contributing
to conceptual design. Considering the source of feedback or information used in the
presented methods (see Fig. 61.4, right), it is observed that the majority (20 papers)
use insights generated through simulations (in, e.g., CAE, digital twins, CAD, DSS)
or based on common data management tools (PLM, PDM, ERP, MES) (11 papers).
Similarly, several (11 papers) utilize manufacturing professionals’ knowledge, main-
tenance department logs as well as information from supply chain management to
serve as feedback sources. Publications (9 papers) featuring feedback from work-
shops, literature review, surveys and building information modeling (BIM) were
assigned to the “other” category. Interestingly, some publications (7 papers) capi-
talize on sensor-based data from product in use or production. Alternative sources
for feedback include customer requirements and market trends (3 papers).
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61.4 Discussion

Industry 4.0 creates promising opportunities for producing low-volume, on-demand
custom products, and realizing end-to-end digital integration of engineering across
value chains [15], while enhancing the digital flow of information between product
developers, manufacturing engineers, and global suppliers to accelerate innovation,
reduce risk and seek competitive advantage. Concepts such as concurrent and simul-
taneous engineering as well as collaborative design have existed for several years
[44]. Claims like “80% of the manufacturing costs of a product is determined by
product design” were popular amongst research publications already since the 90 s
[45]. Likewise, DFX methodologies have been widely practiced by design teams
for cost reduction while guiding designs to meet quality criteria related to robust-
ness, reliability, serviceability and manufacturability, to name a few. Amongst these,
DFM and DFA were the most popular methods since it directly addresses manu-
facturing and assembly costs [12]. The review analysis reveals the prominence of
thesemethods even today, which are used either directly or withmodifications (based
on research and development) to suit industry 4.0. However, these methods do not
encompass comprehensive features to foster the overall industry 4.0 “ideology.”
For example, they lack aspects such as, assessment of the relationship between
complex industrial systems and product design features, utilization of IoT sensor
data or product lifecycle data for identifying new design features [43], thorough
design space exploration schemes to guide relevant design features, orchestration of
industry 4.0 elements to support trade-offs, to name a few. Their role in industry 4.0
will be determined via the interoperability with new solutions based on industry 4.0.
The authors recognize a need for research in this regard to deal with the complexity
triggered by the fusion of physical and digital worlds within smart factories, to guide
design and support decision making during the product development process. Of
the publications proposing specific methods for the design of and for industry 4.0
solutions, several employ model-based engineering principles suggesting promising
prospects for future research pursued in this direction. Additionally, the review high-
lights two promising concepts in the context of industry 4.0: product generation
engineering (PGE) [46], which suggests that new products are almost always based
on one or more existing product generations [6] and technical inheritance, which
proposes to identify, transfer and use targeted information from product lifecycle to
develop next generation products [47]. The past decades have seen a rise in the use
of computer tools to virtually develop, simulate, test and validate design solutions.
This is in agreement when considering sources of feedback or information in the
reviewed papers where a majority utilize simulation-based sources. It is interesting
to note that approaches still depend on the knowledge, experience and the intuition
of manufacturing professionals. Information gathered in this manner, besides being
asynchronous also consumes effort to collect and analyze. The authors argue that
with increasing access to digital flow of information from different stages of the
product lifecycle, there is a need for data-driven procedures to provide a quicker and
synchronous stream of information for aiding product development process in real
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time. Singh et al. [8] exemplify the possibility of leveraging digital thread (which is
defined as a data-driven architecture linking product lifecycle data [8]) to produce
efficient design of the next generation of products. Most importantly, the review
identifies a lack of research aimed at conceptual stages of product design in the
context of industry 4.0. Although simulation-, value-, and data-driven design frame-
works [23, 48–50] assist conceptual design assessments, these struggle to deal with
the complexity of manufacturing process performance and industry 4.0 aspects. The
authors assert a need for further research in this regard.

61.5 Conclusion

The paper presents results of a systematic literature review investigating key compo-
nents of industry 4.0 and surveying its role in the product design and development
process. Despite its popularity, companies struggle to grasp the concept of industry
4.0 in its entirety with many understanding the focus to be optimization of manu-
facturing operations. The review shows that research within product design and
development in the context of industry 4.0 is scarce of which most are focused
on later stages such as production system design and planning with very few in
the earlier stages. The authors argue that current design approaches are not fully
capitalizing on digital flow of information from different stages of the product life-
cycle, which are increasingly synchronous. Furthermore, the authors acknowledge
the need to consider aspects beyond manufacturing process, material and assembly
procedures and focus on for example, identifying appropriate design features based
on IoT sensor data, examining the relationship between complex industrial systems
and product design to facilitate early trade-offs, building methods to support devel-
opment of lifecycle solutions based on digital thread, and creation of designs with
reduced failure rates in production to enable low-volume consumer-centric products,
to name a few. The presented trends and analysis summary aim to highlight the role
of design in digital transformation as well as foster the ongoing discussion on the
research topic.
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Chapter 62
Digital Preservation of the Qutb Shahi
Monuments: Archiving Architecture
for Historical Education

Chaitanya Solanki, Deepak John Mathew, and Gino Joseph

Abstract Organized assortments of photographs have given birth to the method of
photogrammetry which has earlier helped geologists in topographically mapping
terrain and landscapes. Photogrammetry is a technique of measuring from
photographs. It is usually associated with the making of maps from aerial
photographs. When the same logic is set as an algorithm, it helps the software yield
an even more accurate topographical product, but now with the additional capability
of 3D projections. This can, in turn, be used to create photo accurate 3D models of
any building, object, landscape desired. Along with technologies like virtual reality,
photogrammetry can enable a viewer to be present in a digitized landscape that can
be developed to look close to the original. This paper documents how the above
set of technologies were used to virtually archive the monuments of Qutb Shahi
tombs in Hyderabad. The process included photogrammetry, point cloud creation,
UV mapping, texture modeling, mesh generation, etc. Thereafter, a digital setup of
it was made and displayed through virtual reality. The result was a tangible, virtual
landscape of the Qutb Shahi tombs, where the viewer could digitally navigate and
see the monuments up close. The built artifact was then tested in a pilot study (n
= 35) for its engagement with high school students as a tool for education in the
classroom. The early results of the respondents have been positive in adopting VR
exploration of historical monuments as a supportive tool for education. The future
scope of evaluating this setup includes more exhaustive testing in schools of India.

62.1 Introduction

Monuments are an integral document of the country’s and the world’s history.
Accessing and thoroughly studying it is an obligation of today’s world [1, 2]. Culture
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and heritage have always played an important role in the collective development of
society as well as the individual. Sites and monuments of cultural importance are
capable of providing aesthetic and spiritual satisfaction, as well as become a center
for economic growth [3, 4]. Structures of history are a testimony to the times of the
past, and they help the visitor in visualizing the lives of the past. Though timeless,
these monuments are prone to the adversities of time and every year, some are lost
forever due to various reasons [5]. The technologies of photogrammetry and virtual
reality are proposed as a preventive method that allows us to preserve the temporal
evolution of the structures digitally [6, 7]. Over recent years, the technology of image
analysis has grown evermore important for applications that concern the preservation
and study of cultural heritage [8].

This study has emphasized the role of VR and photogrammetry for the visualiza-
tion and preservation of the cultural site of the Qutb Shahi Tombs in Hyderabad. It
also conducts a pilot study to test the prototype for its educational engagement with
high school students.

62.2 Artifact Development

62.2.1 Case Study

At the coordinates, N17 23 43.73 E78 23 47.79, the tombs of Qutb Shahi are located
close to the famous Golconda Fort in Hyderabad, India, in the Ibrahim Bagh (garden
precinct) [9]. The site harbors the tombs and mosques built by the various rulers
of the Qutb Shahi dynasty. Some of the tombs are single-storeyed while a few are
double-storeyed. At the center of each tomb lies a sarcophagus that overlies the actual
burial vault in a crypt below. A few pieces of blue and green tiles over the walls of
a few domes are a testament to the fact that the domes might have been completely
covered by them. Their date of building ranges between the sixteenth to seventeenth
centuries [10].

Some of the major monuments include Sultan Quli Qutb Mulk’s tomb, Jamsheed
Quli Qutb Shah’s tomb, Subhan Quli Qutb Shah tomb, Sultan Ibrahim Quli Qutb
Shah’s tomb, Sultan Muhammed Quli Qutb Shah’s mausoleum, Muhammed Qutb
Shah’s tomb, Tomb of Fatima Sultana, Hakim’s Twin–Tombs, Tomb of Taramati,
Tomb of Premamati, Mausoleum of Kulsum Begum, and Mausoleum of Hayat
Bakhshi Begum [10]. Even though the site is going through the process of restora-
tion, all of the monuments have gone under the wear and tear of time, resulting in
the loss of the original look, texture, and condition.
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62.2.2 Documentation

The act of documenting a heritage site can help in preserving data regarding histor-
ical technology, lifestyle, artistic perception, aesthetics, social norms, economic
levels, and building techniques. Documentation provides for the transmission of
cultural heritage, visualization of the monument in contemporary manners, accurate
data acquisition for future references, and knowledge about the present condition
of the building. The process of documentation includes stages of data acquisition,
interpretation, and production.

62.2.2.1 Data Acquisition

The acquisition of the data for this project was in the form of photographs. The
task began with several visits to the heritage site for extensive reconnaissance. The
geography, size, texture, elevation, ambient light, and the environment played a key
role in the process.

The initial imagery was done with handheld full-frame cameras for the provision
of the most quality. As the usage of handheld cameras was from ground level, it did
not allow the photographers to cover the site plan of the area or the roof parts of the
structure that contained the domes. To cover the complete monument, aerial photog-
raphy was used through drones (see Fig. 62.1). The aerial photographs completed
the documentation of all the monuments as well as provided with the site plan of the
area. Following that, photographs of the environment near the perimeter were taken

Fig. 62.1 Aerial and ground level images of tombs
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Fig. 62.2 Several photos of the perimeter stitched together to form the circular environment for
the digital landscape

to implement later. The monuments were extensively photographed to eliminate the
possibility of a lack of data for processing. This helps in the next step of interpretation
and is also vital in the process of photogrammetry.

62.2.3 Development

The process to develop photogrammetric models and their subsequent deployment
in virtual reality requires various steps in between; they include image interpretation
and post processing, point cloud creation, mesh generation, 3D modeling, landscape
creation, VR porting, and apparatus selection.

62.2.3.1 Environmental Image Stitching

Photoshop is software for photo manipulation, and in this project, it was used to
stitch together the photos of the perimeter of the heritage site in order to provide for
a limiting environment in the digital landscape (see Fig. 62.2).

62.2.3.2 Image Post Processing

The key usages of the Adobe Light room software were to ensure uniformity between
the photographs for easy processing. Also, due to the photographs being aerial, taken
with a DJI Phantom, the camera was of low quality. Light room was used to enhance
the images by increasing the sharpness, contrast, and color. It was also used to remove
any unnecessary flare, highlight, reflection, or shadow.

62.2.3.3 Point Cloud and Mesh Generation

After the images had been processed, they were imported into the image stitching
software for their conversion into 3D models. The generation of 3D models is done
one by one. When an object has been photographed from all around, reality capture
can stitch the images together to export a textured and true colored 3D model. If
the images are appropriate, the software first aligns them and presents a sparse point
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cloud with the larger icons representing the camera angles. Here, the user gets an
approximate visual of the model being created. After this, the region is defined and
needs to be rendered. In this case, all the tombswere rendered individually. Following
that, the model can be exported in normal or high quality. Due to this project being
focused for exploration in virtual reality, lighter models were preferred than heavy
ones, and thus, the models were exported in normal quality (see Figs. 62.3 and 62.4).

Fig. 62.3 Sparse point clouds for four of the tombs generated in reality capture

Fig. 62.4 Generated mesh of the Hakim’s tomb in reality capture
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Fig. 62.5 Models of smaller monuments built in Blender

62.2.3.4 3D Modeling for Asset Creation

3D modeling software can be used to manipulate and improve the models gener-
ated from reality capture. For this project, Blender was used to eliminate unwanted
foliage surrounding the monuments and to fill in for missing parts that might have
been hidden in the images and thus were unable to render. Blender was also used
for producing low poly environments for encompassing the high-resolution monu-
ments. Due to the shooting permissions and duration being inadequate, the team of
researchers was not able to document the smaller monuments as extensively as the
bigger ones. Blender was also used to model those smaller monuments from scratch
and was done so using reference images (see Fig. 62.5).

62.2.3.5 Surface Count Reduction

ZBrush was specifically used to decrease the face count of the models. When
rendered from reality capture, the.fbx and.obj files can come out to be heavy and
detailed. Zbrush allows smoothening of the surfaces and reduces the face count
while preserving the detail. This helps in optimizing the entirety of the landscape
(see Fig. 62.6).

62.2.3.6 Landscape Creation and Model Placement

After the creation of all the assets that are required for the landscape, they are imported
in unity. By correlating the placement of all the monuments in respect to each other,
the buildingswere established onto the landscape. The plugin SteamVRwas installed
so that the export from unity could coherently work on the Steam VR platform and
the plugin HTC Vive was installed because the final projection would have been
done in the Vive. It was in unity where the interactive codes for the user to move and
explore the landscape were coded (see Fig. 62.7).
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Fig. 62.6 Model of the Mausoleum of Kulsum Begum being downsized and simplified in Zbrush

Fig. 62.7 Various tomb models being placed on the landscape in unity

62.2.3.7 Virtual Reality

After exporting the artifact as an interactive unity file, the landscape could now be
viewed in Steam VR, which acts as a platform for HTC Vive. It has plugins that can
handle and visualize the landscape in VR. The end result is an interactive installation
in which a user could explore the landscape and the monuments of Qutb Shahi in
virtual reality through HTC Vive.
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62.3 Pilot Study

In order to understand whether this artifact could be an encouraging experience for
the acceptance of VR landscapes as an educational tool, the researchers conducted a
pilot study. The participants were guided through the experience in a controlled envi-
ronment and were subsequently asked about the experience through a questionnaire.
This method was used with preset guiding descriptions in-person.

62.3.1 Study Objectives

The objective of the following pilot study was to determine whether the VR explo-
ration of photogrammetrically preserved historic monuments and landscapes could
encourage students to adopt VR as a medium of learning history as well as other
subjects.

62.3.2 Study Design

Convenience sampling was used for this study, where the outcome measure was a
six-question written survey in which the students were asked to answer four yes/no
questions, one score assigning (1–5) question, and one question that asked for the
participants’ suggestion regarding the improvement of the artifact.

62.3.3 Question Formation

Prior researches have confirmed that students have had positive responses to studying
various school subjects through virtual reality [11]. Several studies have explored
individual subjects and their fidelity in virtual realitywith respect to engagement, effi-
ciency, immersion, etc. [11–13]. While these studies have been conducted all across
the world, little research is known within the Indian context. Hence, the following
questions were used for this pilot study:

Q1: Was the VR experience more enjoyable than reading a textbook? (Yes/No)
Q2: Would you prefer to learn history with VR? (Yes/No)
Q3: Would you like to learn other subjects with VR? (Yes/No)
Q4: Would you like Audio Narration with VR? (Yes/No)
Q5: How enjoyable was the experience? (1–5)
With 5 being most enjoyable and 1 being not enjoyable at all.
Q6: What extra additions would you like in this whole experience? (Descriptive).
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Table 62.1 Responses of pilot study sample on the experience of VR exploration of Qutb Shahi
Monuments

Question Percentage Mean

Was the VR experience more enjoyable than reading a textbook? (y/n) 88.57

Would you prefer to learn history with VR? (y/n) 94.29

Would you like to learn other subjects with VR? (y/n) 94.29

Would you like Audio Narration with VR? (y/n) 80

How enjoyable was the experience? (1–5) 4.3

62.3.4 Demographics

The participants (n= 35)were students of several high schools fromKeralawhowere
visiting the IIT Hyderabad campus on an educational trip. Response analysis showed
that the group consisted of 71.43% Males, 22.86% females, and 5.71% participants
who did not reveal their gender or name. The age group was between 16 and 18 years
old with only one participant being 23.

62.3.5 Delimitations of the Study

This research is limited to the restrictions of convenience sampling. This study is
also limited to the exploration of VR in a controlled environment; this might or might
not reflect the efficacy of the technology in an Indian classroom setting.

62.3.6 Findings

Through analysis, it was shown that 88 percent of the participants found the Qutb
ShahiVR exploration to bemore enjoyable than that of reading a textbook, 94 percent
of the participants looked forward to learning history aswell as other subjects through
VRexploration, 80percent of the participants voted for the needof audio (background
music as well as narration) in the setup, and average rating for the enjoyment of this
experience came through to be 4.3 out of 5. In the last question where the participants
were asked for their opinions on what else could be added in the experience, most of
them opted for having audio and sound, whereas some replies indicated the potential
for the conversion of such setups into a gaming experience in the class.
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62.4 Conclusion

The landscape of the Qutb Shahi monuments was successfully archived using
photogrammetry and presented in virtual reality. The project is still at the early
stages of using immersive virtual reality systems for public access. The objective of
the pilot study was to examine the agreeability of high school students from India
in adopting VR exploration, such as the landscape of Qutb Shahi, as a means of
studying school subjects in their own classrooms. The Qutb Shahi monuments that
have been preserved through photogrammetry and explored through VRwere shown
to have a positive effect on the acceptance levels of students for the technology as
an educational tool. Thus, after receiving feedback, the researchers plan to execute
a more investigative approach in the future where the analysis can reveal a more
generalized perception toward the artifact that was developed, potentially shedding
light on whether the photogrammetric preservation and the VR exploration of other
monuments throughout India can be helpful in the field of education. The study was
also an indicator for the potential of a more rigorous testing that can emulate the
current classroom setting and then evaluate specifics of VR exploration for educa-
tion such as engagement levels, immersion, social interaction, learning efficiency,
etc.

Virtual environments through the employment of photogrammetry, such as the one
that was developed here, can provide rewarding aesthetic and learning experiences
that would otherwise be difficult to obtain. Despite the high cost and restrictive
format of these installations, it is believed by the researchers that it is well worth
investigating the added value and potential that VR and photogrammetry can bring
to the public domain, especially in the fields of virtual tourism, cultural heritage
archiving, and digital heritage archiving, however, that is the scope of another, future
study.
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Chapter 63
A Novel User-Centric Assistive Device
for Enhancing Luggage Security
in Indian Railways

Md. Arif Ahmad, Chiranjeeb Deb, Tushar Sindhwal,
and Biswajeet Mukherjee

Abstract The security system at the Indian railways mainly focuses on X-ray scan-
ning of baggage and metal detectors for ruling out possibility of any life-threatening
object. Though so, the current management does not focus on the user centric needs
of safety and security as a service within the trains. The number of passengers trav-
eling by Indian railways is ever increasing, and implanting a strong security system
at all major/minor stations remains a challenge. Baggage theft in trains has remained
unapprehended as a crime causing people to stay attentive by themselves which add
to cognitive load for the users/passengers. To investigate this problem from a design
perspective, field research was performed based on a survey of 101 participants, and
15+ interviews were conducted as a part of direct observation and analysis. Multiple
user case scenarios were used to generate insights based on which a solution was
proposed. This solution presents an electronic device which is paired with a smart-
phone. The user can place this device inside the baggage for leveraging the security of
their luggage. On lifting the bag without informing its owner, the device shall detect
and pass the information to the owner’s smartphone through wireless technology.
The smartphone receives the data and raises an alarm. The device is insensitive to
the rotation and vibration of the train movement. The design of the user interface
in the smartphone is based on the heuristic design principles to facilitate maximum
convenience for users to operate it.
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63.1 Introduction

Indian railways, one of themost trustedmode of transport in India, is quite unique and
distinctive in character.Making it a safe and dependable platform is a huge challenge.
The railways have themost complex interdependencies involved. Safety of 13million
passengers traveling in the railways every day is of paramount importance of the
system [1].Over the years, the networkhas taken anumber of steps through innovative
use of technology upgradation in Integrated Security System (ISS) consisting of IP-
based CCTV surveillance system, access control, personal and baggage screening
system and Bomb Detection and Disposal System (BDDS) [2, 3]. As per the data of
2018, a total of 473 railway stations have been provided with CCTV cameras, and
the railways have planned to install CCTV cameras at all stations by the year 2021.
Similarly, 1300 coaches have also been equipped by these cameras [3].

The total cases of theft in Indian railways have increased significantly over the
past few years. As per data of the Indian Government, a total of 29,686 cases of
theft were reported for the year 2015, 33,682 in 2016, 64,543 in 2017 and 76,474
in 2018 [4–7]. The number of cases is increased by 157% from 2015 to 2018. The
responsibility to ensure security of passengers is a shared by the Railway Protection
Force (RPF) and the Government Reserve Police (GRP) [1]. Under the Railway
Property Act of 1966, the RPF is empowered to deal with cases of theft, dishonest
misappropriation and unlawful possession of railway property. On any case of theft,
the passenger can register a FIR, and their investigation and maintenance are taken
care by the state governments, through the GRP. All India Security Helpline has been
made functional by the RPF, which will provide passengers round the clock security
assistance. Additionally, the helpline system is being upgraded to include features
like auto generated SMS, computerized complaint registration, dashboard and app
integration [3].

The reporting of these types of crimes is a problemof serious concern. The process
of filing an FIR takes up time and, in many occasions, victim has little time to do
so. In most of the cases, it has been observed that crimes are discovered when the
passenger reaches their destination. It is found that only serious cases of theft are
reported, and as a result, the actual data is never known. In most cases, the FIR
registered has to be transferred to the Thana having jurisdiction, causing significant
delay in the investigation [8].

63.1.1 Technology Mediated Support

The increase in number of cases of theft over the past few years indicate that the
existing system of security, which is supported by the RPF, and the GRP leads
to significant delays in investigation. There is a minimal, but emerging literature
considering the use of technology. However, the works are focused mainly on theft
prevention and lost luggage issues especially in airports.
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U.S. Patent No. 8,742,922 B2 (2014) provides a luggage tracking device, which
provides the user with real-time information of the location of his/her luggage at
various stops along a journey. The device designed especially for air travel, consists
of a housing configured to be attached to a piece of luggage, a location unit to
determine current location, a transmitter to transmit the current location information
and a controller to control operations of the location unit and transmitter [9].

U.S. Patent No. 9,439,164 B2 (2016) provides a method for locating and sharing
information of checked-in luggage through a GSM device which is to be placed in
the luggage. The device works in combination with a mobile device application and
Bluetooth or a similar short-range RF transmitter which updates the traveler with the
location of the device [10].

In another patent, an electronic luggage tag is used that uses GPS technology to
track luggage. The device uses a motion detection and/or light sensing technology,
which has the ability to detect whether the luggage is open or closed [11].

U.S. Patent No. 5,576,692 (1996) utilizes a nationwide paging system to track
luggage items. The operation of tracking and locating is carried out by a sounding
pager device or “beeper.” Each beeper has its own unique number and code; in case
the luggage in which the beeper is placed is lost, the beeper can be called using its
number, which will cause the beeper to “beep” at whatever airport it is located [12].

In another product, a dual triggered alarm is used that includes a motion sensor
alarm and a pull pin alarm. It uses a preset personal security code and designed for
any bag or valuable item. If the protected item is touched, the motion sensor will
trigger the alarm. The alarm than only can be offend by the personal security code
[13].

In this paper, a user-centric design processwas adopted, and a solution is presented
in the form of a device which is paired with a smartphone. The device was designed
keeping in mind the dynamic nature and challenges of Indian railways.

63.2 Methodology

63.2.1 Overview

A user-centric design process was adopted to study the problem from the user point
of view and gain deeper insights. The design thinking process is an exploratory
process and usually begins with defining of the problem. To walk into directed
framework till the solution, the authors decided to use “double diamond” design
process which involves two separate phases of divergent and convergent thinking
[14]. This methodology is used because the product was not defined initially. Only
after research and analysis, the product was conceptualized and developed.

The first divergent phase, known as the discovery phase begins with an initial idea
or inspiration, in which user’s needs are identified. Both qualitative and quantitative
research is carried out using a questionnaire survey, interviews and ethnographic field
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study and desk research. After the first, divergent phase (Discovery), the findings
were analyzed. This stage known as “define stage” included creating personas, case
scenarios and framing insights.

63.2.2 System and User Study

To observe the problems and behavior of passengers, the authors traveled in two
trains: one from Jabalpur to Secunderabad and the second from Jabalpur to Koderma.
During observation, the authors traveled individually as normal passengers in Indian
railways to observe user behavior and also understand the problems faced by
passengers. Key findings were noted down, and in few cases, photographs were
taken.

63.2.3 Questionnaire

The online survey method was adopted to assess the problem of theft faced by people
traveling in Indian railways. For this study, a standardized questionnaire was created
on the open source platform and was accepting responses for a period of 30 days. It
was posted on social media and mailed to various friends and colleagues. The survey
was aimed for a large variety of users in age, profession and socio-economic back-
grounds. It comprised of close-ended, multiple-choice and open-ended questions.
The survey did not collect any personal information like names and email addresses.

63.2.4 Interviews

Participants for the user interviews were selected randomly both while traveling in
trains and during visits to railway stations. For each participant, a semi-structured
interview [15] was conducted which comprised both open-ended and closed-ended
questions. Expert interviews [16] of the officials like ticket collector, railway police
force and CRPF were conducted. The observation and interview phase were done
simultaneously, and it was done throughout a time span of 45 days. The interviews
were carried out by two authors at a time. One author asked questions and the other
jotted down points in a notepad.
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63.2.5 User Scenarios

Scenarios are narrative stories about specific personas and their activities in a specific
work situation and context [17]. Various user scenarios were developed to describe
key usage situations, user goals and background, work practices, system responses,
tasks, context and difficulties [18].

63.3 Results and Findings

63.3.1 System and User Study

The railways are used by almost every class of people, starting from a businessman
to a ragpicker. Passengers during their travel carry many valuable belongings like
wallet, Jewelry, watch and smartphones. The type of baggage that the passengers
carry inside the train includes trolley, rucksack, duffle, business bag and women
hand bag. Trunks, suitcase, and boxes having outside measurement of (100 × 60
× 25) cm3 are allowed in the passenger compartments as personal luggage. The
maximum size of the trunks/suitcase than can be carried in the AC 3 tier and AC
chair car compartment is (55 × 45 × 22.5) cm3. Additionally, maximum quantity
permitted (free allowance) in AC 3-tier sleeper, AC chair car and sleeper class is set
as 40 kg [19].

63.3.2 Questionnaire

A total of 101 participants took part in the survey. To understand the severity of
the problem, participants were asked to rate the problem on a scale of 1–10 (see
Fig. 63.1), where 0 is minimum severity and 10 maximum severity.

The survey was divided in two parts, one for people who had lost any personal
belonging while traveling and the other for people who did not. A total of 31.7%
participants reported a loss of belonging. The detailed results of these people are
represented in Table 63.1.

63.3.3 Interviews

A total of 11 user interviews and 4 expert interviews were taken. The most important
insights from the user interviews were:
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Fig. 63.1 Severity of problem

Table 63.1 Questionnaire results

Age group Below 18 7.9% Coach Sleeper 67.7%

19–30 82.2% 3 AC 6.5%

30–45 7.9% 2 AC 9.7%

Above 45 2% Other 16.2%

Lost item Cell phone 38.5%

Wallet 31.3% Reported to police Yes 38.7%

Luggage 21.9% No 61.3%

Handbag 9.4% Security measures taken Keep bags close 84.2%

Jewelry 9.4% Use chain 41.6%

Other 16% Lock 59.4%

Other 3%

• 72% participants mentioned that theft is one of the major tensions for passengers
starting from boarding the train till the destination is reached.

• 54% participants generally use their baggage as a pillow while sleeping to ensure
its safety. It was noted that the fear of theft is maximum at night.

• 45% participants fear those people who travel with no ticket or who are in waiting
list. In case of any theft, reporting to RPF and filing FIR is a long process, and
the chances to get the baggage back are very less.

The expert interviews however provided more in-depth insights about the system.
Interview with a Traveling Ticket Examiner (TTE) revealed that thieves often travel
as normal passengers, and most of the theft happens either when the passenger is
asleep or when he/she goes to use the washroom. In few cases, the thieves use the
small halts whenever a train reaches a small station, quickly grabs any belonging of
a passenger and gets off the train, even if the train is in motion.
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The interview with a Railway Police Force (RPF) thefts is mostly planned and
happens mainly at night time. The railways have installed CCTV cameras, which
assist them in investigating any case if reported. The investigation however takes a
long time. Cases are reported in every 2–3 days. An important observation was that
thefts also happen in AC coaches and also in premium trains like Rajdhani Express.

63.3.4 User Scenarios

The scenarios were build based on user observation, interviews and the qualitative
data from the questionnaire survey. This is tabulated in Table 63.2.

63.4 Analysis and Insights

Following the methodology, the research concluded with a more specific problem
regarding the time of the theft and the types of items being stolen. The questionnaire
showed that luggagewas the second highest item to get stolen, and in 96.8%cases, the
stolen item was never retrieved by the traveler. The open-ended questions revealed
that most of the theft happened when the passenger was sleeping. The interviews
with the TTE and RPF revealed that the thefts are mostly planned and thieves often

Table 63.2 User scenarios

Activity Incident Pain points

1 Sleeping (10 pm to 2 am) Bag pack was missing when
he/she woke up

To file a FIR to RPF, took
4 months to catch the thief

2 Buying food at platform Nearby passenger stole the
bag

Instant panic as they trusted
strangers to keep an eye

3 Put the phone on charging
and was a bit careless

A random person picked the
phone

Constant vigilance on your
personal belongings

4 The whole coach was
sleeping

At 4 am belongings of four
families got stolen

Even after reporting to RPF,
the thief was never found

5 Traveling and the time was
11 pm

Train was about to start,
someone snatched handbag

Unable to file an FIR, unaware
of the process

6 Sleeping at night Thief replaced the bag with
another

Reporting to RPF would take a
long time and is ineffective

7 Traveling with bag
containing important
things

Kept the bag on berth Uncomfortable Journey lead
to improper sleep

8 Sleeping on upper berth
while baggage was under
lower berth

In morning, the baggage was
not there

Lost hope, later he found the
baggage in another
compartment
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travel as normal passengers. This was not only observed in sleeper coaches but also
in AC andmore premium ones. User scenarios also revealed various incidents, where
passengers have been through incidents like theft from snatching, multiple thefts in
the same coach on the same night, keeping the bag as a pillow for assurance which
leads to uncomfortable journeys. Most of the passengers reported to RPF but a few
did not report as they were aware that it would not resolve.

The main objective was providing security for the luggage of passengers, espe-
cially in sleeper and AC class with enhanced security systems for theft protection,
especially during night hours. From all the pain points and the insights gathered by
the authors leads them to certain factors which the authors constantly kept in mind
before ideating on the solution. The proposed concepts were designed in such a
manner that it focuses mainly in the context of accessibility and reachability of users
dealing with safety concerns for their heavy luggage and that too specifically during
night travel so they can achieve an unstrained state of mind when traveling in Indian
railways.

63.5 Prototype

63.5.1 Overview

A total of six concepts were generated, and out of them five were eliminated on
the basis of cost, system failure, user behavior, complexity in use and complexity in
manufacturing. The final concept consists of a device which uses a motion sensor
to detect unauthorized lift/movement of the baggage. The motion sensor passes the
information in two-way communication to a smartphone via Bluetooth. An android
application is developed, which enables the user to control the device. The reason
for opting cell phones is that cell phones are used widely by people of almost every
age group. In case unauthorized lift/movement of the baggage, an alarm is raised by
the app initially not the device. This is done to avoid chaos in night if the alarm is
raised falsely by the user or any the nearby passenger. Figure 63.2 describes the final
concept.

Fig. 63.2 Solution overview
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63.5.2 Device Description

The device uses amotion sensor to detect unauthorized lift/movement of the baggage.
The sensor neglects the movement and vibration which happens due to movement of
train. The device is designed to provide instant alarm and does not involve any sort
of baggage tracking. The use of motion sensors instead of GPS/GSM makes it cost
effective.

The device contains a low powered RGB-LED light which provide the feedback
of device’s working, and its color and light intensity have chosen according to user’s
psychology. TheLEDemits blue blinking light till theBluetooth is connected; a green
light after connection is established, violet light for charging and a red blinking light
to indicate low power.

63.5.3 Prototype and App Interface

The shape and form of the device is designed to meet the functional and aesthetic
value of the product (see Fig. 63.3b), and a basic prototype was developed (see
Fig. 63.3c). The user shall control the device with the app preinstalled on his/her
smartphone. The application will enable the user to turn the device ON or OFF.
The interface has been designed keeping in mind all the heuristic principles [20]
(Fig. 63.4).

To use the device, the user has to first turn on the application and connects the
device using Bluetooth. After connection, the device can be turned on using the
toggle button on the interface (see Fig. 63.3a). In case the user wants to use the bag,
he/she has to first turn the device off using the toggle button.

Fig. 63.3 Device block diagram
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Fig. 63.4 a App interface b CAD and c Prototype

Table 63.3 Design comparison of proposed and existing product

Designs Contextuality Usability Security Cost Aesthetic Total

ED1 0 2 1 0 1 4

ED2 0 2 1 1 1 5

ED3 0 1 1 2 1 4

PD 2 2 1 2 2 9

63.5.4 Discussion

The final product was designed keeping the contextual constraints of Indian railways.
Even though there is no product designed specifically for railway thefts, to make a
comparison with the proposed design, similar products (already discussed in the
literature) were taken. The existing products are labeled as ED1 [9], ED2 [10] and
ED3 [13]. The proposed design is labeled as PD. The features are evaluated on a 0–2
scale (minimized Likert scale), where 0 is no presence of feature, and 2 is maximum
presence of feature (Table 63.3).

63.6 Conclusion

The study helped in designing a product that targets the thefts of baggage while
traveling in Indian Railways. The survey was anonymized, and no ethical clearance
was needed. The proposed device is aimed to provide real-time security, and the
design was made keeping in mind the dynamic nature of Indian Railways. The
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proposed design not only provides baggage security for any passenger, but also can
be made available to the general public at a very minimal rate when compared to
other products which use GPS/GSM technology.
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Chapter 64
Design Strategies Enabling Industry 4.0

Vishal Ashok Wankhede and S. Vinodh

Abstract Industry 4.0 focusses on digitalization and developing intelligent products
and processes. There exists need to develop robust products with enhanced process
efficiency. Also, it includes integration of technologies to facilitate interoperability,
modularity and so on. Design strategies would facilitate design engineer’s rapid deci-
sion making for product development. In this context, this article deals with analysis
of 15 design strategies. The strategies are prioritized using multi-criteria decision-
making (MCDM) approach. The priority order of design strategies is derived for
further deployment in terms of developing products and processes.

64.1 Introduction

Industry 4.0 (I4.0) drives the manufacturing industries through intelligentization and
digitalization [1]. Various industrial revolutions made a significant transformation
in manufacturing industries. The journey towards I4.0 resulted in drastic industrial
transformations like steam and water powered machines, electrical-driven machines,
automation and now digital automated manufacturing which makes production
process more automatic, complicated and sustainable [2]. I4.0 defines a new stage
of development and control on complete value chain of product life cycle which is
focused towards fulfilling customer requirements [3]. The core purpose of I4.0 is to
fulfil customer expectations associated in areas like research and development, order
management, recycling of products, agile delivery, etc. The challenge related to I4.0
era is the complexity of new technologies which needs to adopt by the manufacturing
industries for its successful implementation. The current scenario of manufacturing
industry shows significant impact of this technological change with reference to
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profitability, employment and growth in the sector [4]. I4.0 facilitates digital auto-
matedmanufacturing whichmakes production processmore automatic, complex and
sustainable. I4.0 include several technologies such as cyber-physical systems (CPS),
industrial Internet of things (IIoT), big data analytics, additive manufacturing and
so on. The role of design methods in I4.0 enables innovation integrating various
technologies and dealing with associated issues. Design strategies enable the manu-
facturers to visualize the adoption process of I4.0 and provide solutions needed for
its transition. In this context, this article deals with 15 design strategies pertaining to
I4.0 and analysed against nine criteria using Fuzzy VlseKriterijumska Optimizacija
I Kompromisno Resenje or Multi-criteria optimization and compromise solution
(VIKOR) approach. The quantifiable evaluation criteria for each design strategy
have been obtained through literature review and finalized using expert’s opinion.
The priority order of design strategies is derived. Fuzzy VIKOR method would help
to prioritize the design strategies pertaining to I4.0 and the prioritized design strate-
gies would further facilitate industry practitioners to deploy smoothly for enhanced
performance. The prioritized design strategies will also enable practitioners to take
appropriate measures while implementing I4.0.

64.2 Literature Review

Nee et al. [5] presented augmented reality (AR) applications in manufacturing and
design. They studied various AR applications in manufacturing like robotics, main-
tenance systems, CNC simulation, factory layout planning and operations planning.
They presented the importance of AR in design phase and addressed technical chal-
lenges like accuracy, interfacing technology and latency issues. They concluded AR
to be the most powerful tool in manufacturing field. Hermann et al. [6] performed
literature review and provided I4.0 definition and identified design principles. From
the literature analysis, they defined I4.0 as collection of various concepts and tech-
nologies of value chain organization. They also identified six design principles of
I4.0, namely virtualization, real-time capability, interoperability, decentralization,
modularity and service orientation. These principles help to identify the use cases
and deliver guidance during I4.0 implementation. Thames and Schaefer [7] devel-
oped an architecture inspired by software defined systems using cloudmanufacturing
to address the challenges associated with industries practicing I4.0. The software-
based cloud manufacturing architecture supports various design characteristics like
programmable, manageable, interoperable, protectable and adaptable. I4.0 manu-
facturing systems can utilize its elements like IIoT, cloud-based manufacturing and
social product development using this architecture. Future work suggested to adopt
this architecture for measuring system effectiveness across various design principles
and ensure its ability to security of I4.0 systems. Uden and He [8] performed a case
study on application of IoT in knowledge management in automotive sector. They
designed an IoT system to capture raw data from vehicles and converted into knowl-
edge to improve decision making in transportation. The findings revealed that IoT
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embedded in knowledge management captures big data and so plays a vital role in
quick and effective decision making. Coda et al. [9] explored the requirements of
big data structures in I4.0 based on its objectives, perspectives and stake holder’s
expectations. Knowledge acquisition in automated specification methodology used
for modelling purpose which analyses the system using objectives and requirements.
Finding showed that big data systems comewith different requirements andneed to be
modelled including desired characteristics like data procedures and security. Albers
et al. [10] explored I4.0 potential on product from the perspective of its dependency
on production systems. They developed a method to evaluate the risk and impact of
process with respect to its production system. The model named Product Generation
Engineering was developed to recognize I4.0 potential and looked for the support
of approaches like design with I4.0 and design for I4.0. Further this model was
integrated with model-based system engineering (MBSE) approach to enhance its
capability and ensure consistency. The developed method enables product developer
to address the complexity related to project and production system development.
Bader et al. [11] presented a method on agile organization design for automotive
manufacturing firms practicing I4.0. The authors analysed necessities which further
reduced to criteria determining agility of future industries. Further, these criteria
were converted into functional mechanisms for developing an approach on agile
organization design. Based on the study performed, six functional mechanisms were
recognized which was defined in operation design called TEAM. They found six
criteria, i.e. a participative leadership, high level of transparency, small team size,
flexibility, quick decisionmaking and self-determination required for agile shop floor
organization design.

From the literature review, it has been found that many authors attempted to
perform study on usage of I4.0 technologies from product development and process
development perspective. In connection to the above, some authors also executed
mapping of design principles with I4.0 technology. But no concrete studies are
reported to the best knowledge of authors on prioritizing design strategies of
I4.0. Since I4.0 defines as mean of value creation, there exist a need to identify
various design strategies pertaining to I4.0 and prioritize them for its successful
implementation.

64.3 Methodology

Fuzzy VIKOR, a MCDM method is used as solution methodology in this study.
VIKOR method was developed by Opricovic and Tzeng which computes compro-
mise solution from the group of variables [12]. The solution which is close to the
ideal solution is known as compromise solution. Though there are various MCDM
methods which prioritizes variables VIKOR has some advantage over other MCDM
techniques. VIKOR is an efficientMCDMmethodwhich ranks, sorts and then selects
the set of conflicting variables for complex multi-attribute optimization problem.
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VIKOR method can fully replicate the subjective preferences of decision makers
along with individual regret minimization and group utility maximization.

64.3.1 Methodological Steps

The methodological steps are as follows [13]:

Step 1: Define the problem scope and objective for decision-making problem.
Step 2: Identification of finite set of suitable attributes, criteria and decision
experts.
Step 3: Identification of suitable linguistic variables for fuzzy importance weight
of criteria and rating of attributes. In this study, triangular fuzzy numbers (TFNs)
have been used [14]. The linguistic terms for both importance weight and fuzzy
rating are shown in Table 64.2.
Step 4: Defuzzification of fuzzy criteria importance weight and fuzzy rating of
attributes. There are various methods to defuzzify fuzzy values, namely mean of
maximal (MOM), alpha-cut method, centre of area (COA) method, etc. Out of
these, COA method is practical and simple method as there is no requirement of
including preference of any experts. The BNP score for COA method of TFN
xi j = (

li j ,mi j , ui j
)
is computed as follows (Eq. 64.1):

BNP score yi j = li j +
(
ui j − li j

) + (
mi j − li j

)

3
(64.1)

Step 5: Computation of aggregate defuzzified importance weight and rating. The
aggregate importance weight and rating is calculated as shown using Eq. (64.2).

zi j =
∑n

j=1 yi j

n
, where n ∈ number of criteria (64.2)

Step 6: Evaluating the best s∗ and the worst s− values of all criteria (j = 1, 2, 3,
…., n) using Eqs. (64.3) and (64.4).

s∗
j = max

(
zi j

)
(64.3)

s−
j = min

(
zi j

)
(64.4)

Step 7: Evaluate values of group utility (Si ), individual regret (Ri ) and VIKOR
(Qi ) indices.
Si and Ri values are evaluated using s∗

j , s
−
j and w j using Eqs. (64.5) and (64.6).
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Si =
∑ w j (s∗

j − si j
(
s∗
j − s−

j

) (64.5)

Ri = max
w j (s∗

j − si j
(
s∗
j − s−

j

) (64.6)

Using Si and Ri values Qi value is calculated using Eq. (64.7).

Qi = v j (Si − S∗)
(S− − S∗)

+ (1 − v j )(Ri − R∗)
(R− − R∗)

(64.7)

where S∗ = min(Si ), S− = max(Si ), R∗ = min(Ri ), R− = max(Ri ) and v j is
weight strategy for maximum group utility and (1 − v j ) is the individual regret
weight. Value of v j is assumed to be 0.5.
Step 8: Ranking the attributes based on Qi values. The attribute with minimum
Qi value is ranked first.

64.3.2 Proposing Compromise Solution

The attributes ranked in the increasing order ofQi valuewill be considered as compro-
mise solution only if the two conditions, i.e.C(1) acceptable gain andC(2) acceptable
stability in decision making mentioned by Opricovic and Tzeng are fulfilled [12].

64.4 Case Study

The case study has been done in a manufacturing organization producing automotive
component situated in Tamil Nadu, India. The manufacturing organization aims to
adopt I4.0 technologies and in the process of developing the required infrastructure.
There existed a need to adopt some design strategies for smooth adoption of I4.0
which in turn helps for value creation in the organization. Expert opinion has been
taken from industry practitioner and academic researcher with expertise in I4.0. The
present study aims to recognize various design strategies and further analysing it
by prioritizing using a suitable MCDM method for successful deployment of I4.0
in an automotive component manufacturing industry. 15 design strategies pertaining
to I4.0 are identified and analysed against nine criteria, i.e. technological readiness
(C1) [15], process improvement (C2) [16], product development speed (C3) [16],
design complexity (C4), workers skill (C5) [17], process quality (C6) [18], design
effectiveness (C7), autonomous production (C8) [18] and responsiveness (C9). The
conceptual model of 15 design strategies is shown in Table 64.1. For prioritization
purpose, fuzzy VIKOR, an MCDM technique has been used. Fuzzy VIKOR aims
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Table 64.1 Conceptual model of design strategies

Code Design strategies References

DS1 Design for agility [11]

DS2 Design for traceability [19]

DS3 Design for handling big data [9]

DS4 Design for interoperability using IoT [20]

DS5 Design for virtualization using CPS [20]

DS6 Design for decentralization using CPS [20]

DS7 Design for cloud-based intelligent monitoring system [8]

DS8 Design for industrial internet of things [7]

DS9 Design for social product development [7]

DS10 Cloud-based design and manufacturing [7]

DS11 Sustainable design [21]

DS12 Augmented reality-based collaborative design [5]

DS13 Design for service orientation using IoT [6]

DS14 Design for modularity using internet of services [6]

DS15 Design for real-time capability in smart factory [6]

to rank design strategies and provides compromise solution which will help I4.0
practitioners in effective decision making. In this study, the inputs of criteria weights
and design strategies ratings have been gathered from five decision experts in the
form of linguistic terms and assigned respective fuzzy numbers for analysis, i.e. for
ratings [Excellent ‘E’-{8.5, 9.5, 10}, Very Good ‘VG’-{7, 8, 9}, Good ‘G’-{5, 6.5,
8}, Fair ‘F’-{3, 5, 7}, Poor ‘P’-{2,3.5, 5},Very Poor ‘VP’-{1, 2, 3},Worst ‘W’-{0,
0.5, 1.5}] and for importance weights [Very High ‘VH’-{0.85, 0.95, 1.0}, High ‘H’-
{0.7, 0.8, 0.9}, Fairly High ‘FH’-{0.5, 0.65, 0.8},Medium ‘M’-{0.3, 0.5, 0.7}, Fairly
Low ‘FL’-{0.2, 0.35, 0.5}, Low ‘L’-{0.1, 0.2, 0.3}, Very Low ‘VL’-{0, 0.05, 0.15}].
Triangular fuzzy numbers (TFNs) are used in this study [15]. An excerpt of response
sheet obtained from decision experts for technological readiness (C1) is shown in
Table 64.2 (Ex. # represents expert number).

The linguistic form of response obtained from decision experts is converted into
respective TFNs for analysis.

The importanceweights and performance ratings are further defuzzfied and aggre-
gated using Eqs. (64.1) and (64.2). The aggregate weights have been derived from
expert opinion in the form of fuzzy linguistic terms.

For Criteria 1, C1 (technological readiness), weights received from five experts
are VH, H, H, VH, H. These weights are transformed into respective fuzzy numbers
and then defuzzified to obtain crisp value. Further, average of crisp value resulted
into final aggregated weight.

Sample Calculation
The crisp values of fuzzy number are obtained usingEqs. (64.1) and (64.2) as follows:
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Table 64.2 Excerpts of inputs for design strategies against criteria

Criteria C1

Weights VH H H VH H

Design strategies Ex. #1 Ex. #2 Ex. #3 Ex. #4 Ex. #5

DS1 VG G G VG E

DS2 G F F G VG

DS3 VG G G G VG

DS4 VG G E G VG

DS5 VG G G G E

DS6 G VG G VG G

DS7 G VG G VG G

DS8 VG VG E VG G

DS9 G F G G F

DS10 VG G G VG G

DS11 G F F G F

DS12 VG G F G VG

DS13 G F F G F

DS14 G VG F G G

DS15 G F VG G F

VH − (0.85, 0.95, 1) = 0.933, H − (0.7, 0.8, 0.9) = 0.8

Aggregated crisp value of weight for criteria 1 (C1)

= (0.933 + 0.8 + 0.8 + 0.933 + 0.8)/5 = 4.266/5 = 0.85.

Similarly, weights of other design criteria are obtained.
The aggregated crisp values of weights and ratings of decision matrix is presented

in Table 64.3.
Further using Eqs. (64.3) and (64.4), the Best (s*) and Worst (s−) values of all

criteria ratings are calculated as presented in Table 64.4.

64.5 Results and Discussions

The present study aims to rank design strategies pertaining to deployment of I4.0
using fuzzy VIKOR as solution methodology. The study focusses on ranking 15
design strategies pertaining to I4.0 against nine criteria. This is attained by computing
the values of utility (S), regret measure (R) and VIKOR index (Q) using Eqs. (64.5),
(64.6) and (64.7). The final ranking is done based on minimum Qi value.

Sample calculation of S, R and Q value for design for agility (DS1):
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Table 64.3 Aggregate crisp values of criteria weights and design strategies ratings

Criteria C1 C2 C3 C4 C5 C6 C7 C8 C9

Weights 0.85 0.74 0.90 0.85 0.85 0.65 0.85 0.71 0.85

Aggregate experts ratings

DS1 7.6 5.9 7.6 7.1 7.1 5.6 6.8 5.6 7.1

DS2 6.2 5.6 5.9 5.6 5.9 5.6 5.3 5.6 5.6

DS3 7.1 5.9 6.2 5.9 6.2 5.3 6.5 5.9 6.5

DS4 7.6 5.6 5.9 5.9 5.6 5.6 5.9 7.1 5.6

DS5 7.4 5.6 5.6 5.6 5.9 5.3 6.5 5.9 6.2

DS6 7.1 5.3 6.2 5.6 5.9 5.3 5.9 7.4 5.9

DS7 7.1 5.6 5.9 7.1 6.8 5.9 6.5 5.9 5.6

DS8 7.9 5.9 6.2 6.5 6.5 5.6 7.1 6.5 7.4

DS9 5.9 6.5 6.8 5.9 5.9 6.2 5.9 6.2 6.2

DS10 7.1 5.6 7.1 7.1 5.6 5.6 6.2 5.6 6.8

DS11 5.6 5.9 5.9 5.9 6.5 5.3 5.6 5.3 6.2

DS12 6.8 5.9 5.6 5.6 5.6 5.3 5.9 5.6 5.9

DS13 5.6 5.6 5.3 5.6 7.1 5.3 5.6 5.6 5.9

DS14 6.5 5.6 7.4 7.1 6.5 5.9 6.8 5.9 6.8

DS15 6.2 6.5 5.6 5.9 7.1 5.9 5.9 5.6 5.9

Table 64.4 Best (s*) and Worst (s−) values of all criteria ratings
C1 C2 C3 C4 C5 C6 C7 C8 C9

s* 7.9 6.5 7.7 7.1 7.1 6.2 7.1 7.4 7.4

s− 5.6 5.3 5.3 5.6 5.6 5.3 5.3 5.3 5.6

S1 =
[
0.85 × (7.9 − 7.7)

(7.9 − 5.6)
+ 0.74 × (6.5 − 5.9)

(6.5 − 5.3)
+ 0.90 × (7.7 − 7.7)

(7.7 − 5.3)

+ · · · + 0.85 × (7.4 − 7.1)

(7.4 − 5.6)

]
= 1.77055

R1 = min

[
0.85 × (7.9 − 7.7)

(7.9 − 5.6)
,
0.74 × (6.5 − 5.9)

(6.5 − 5.3)
,
0.90 × (7.7 − 7.7)

(7.7 − 5.3)
, . . . ,

0.85 × (7.4 − 7.1)

(7.4 − 5.6)

]
= 0.60857

From ‘Si’ and ‘Ri’ values, S*, S−, R*and R− are calculated as mentioned in step
6.

S∗ = 1.77055, S− = 6.15022, R∗ = 0.555, R− = 0.90664
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Q1 = 0.5 × (1.7055 − 1.7055)

(6.15022 − 1.7055)
+ (1 − 0.5) × (0.6085 − 0.555)

(0.90644 − 0.555)
= 0.076174

Similarly, S, R and Q values for all design strategies are computed as shown in
Table 64.5.

S,R andQ values of design strategies are arranged in ascending order for obtaining
final ranking as presented in Table 64.6.

Compromise Solution
Further, a compromise solution is developed in which the study fails to satisfy condi-
tion 1 and satisfied condition 2, i.e. acceptable stability in decision making: Design
strategy (1) must also be the best ranked by R or/and S. From the results, it is
observed that, design for agility (DS1) is best ranked by S1 andQ1. Since, condition
1 is not satisfied, as indicated in methodology, set of compromise solution consists
of design strategies DS(1), DS(2), DS(3), …, DS(m) where DS(m) is computed by
Q

(
DS(m)

) − Q(DS(1)) < (1/(m − 1)) for maximum ‘m’.
Acceptable gain = 1/(m − 1) = 0.071429. Each design strategy is checked for

Q
(
DS(m)

) − Q(DS(1)) < (1/(m − 1)) and final three ranking has been obtained.
The compromise solutions consist of three design strategies i.e. DS1, DS8 and

DS14 and ranked using Q value in increasing order as follows:

Table 64.5 Values of utility (S), regret measure (R) and VIKOR index (Q)

DS1 DS2 DS3 DS4 DS5 DS6 DS7 DS8

Si 1.77 6.15 4.29 4.80 4.96 5.06 3.56 2.35

Ri 0.60 0.85 0.68 0.85 0.85 0.85 0.85 0.56

Qi 0.07 0.92 0.46 0.77 0.78 0.80 0.62 0.083

DS9 DS10 DS11 DS12 DS13 DS14 DS15

Si 3.99 3.68 5.56 5.81 5.84 2.67 4.21

Ri 0.74 0.85 0.85 0.85 0.90 0.55 0.79

Qi 0.51 0.64 0.85 0.88 0.96 0.10 0.61

Table 64.6 Priority order of design strategies based on S, R and Q

Rank Si Ri Qi Rank Si Ri Qi

I DS1 DS14 DS1 IX DS4 DS5 DS4

II DS8 DS8 DS8 X DS5 DS6 DS5

III DS14 DS1 DS14 XI DS6 DS7 DS6

IV DS7 DS3 DS3 XII DS11 DS10 DS11

V DS10 DS9 DS9 XIII DS12 DS11 DS12

VI DS9 DS15 DS15 XIV DS13 DS12 DS2

VII DS15 DS2 DS7 XV DS2 DS13 DS13

VIII DS3 DS4 DS10
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DS1 > DS8 > DS14

Design for agility (DS1) > design for industrial Internet of things (DS8) > design
for modularity using Internet of services (DS14). Design for agility represents quick
decision making and great adaptability on shop floor which allow quick reaction
time and agile design would help the industry practitioners for smooth deployment
of I4.0. Design can bring a range of benefits to organization such as the variation
of products from those of competitors getting competitive advantage and products
complexity reduction leading to costs savings and increased profit margins.

64.6 Conclusions

I4.0 demands innovation in terms of design strategies to enhance effectiveness of
product development. Design strategies ensure reducing complexity using I4.0 tech-
nologies such as additive manufacturing and IoT which can lead to improved process
and production efficiency and robust products. Design strategies can be used as a
tool to help decision making in new product development, but opportunities may be
neglected if the project team are not attentive of all the benefits of design. In this
context, this study recognized various design strategies and further analysed using a
suitable MCDM method. 15 design strategies pertaining to the automotive compo-
nent manufacturing industry have been analysed using Fuzzy VIKOR approach. The
top priority strategies are design for agility (DS1) > design for industrial Internet of
things (DS8) > design for modularity using Internet of services (DS14). The outcome
of the study provides guidelines to the industry practitioners for enhancing product
development effectiveness of I4.0 practices.
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Chapter 65
How Real is Virtual
reality—An Immersion, Interaction
and Embodiedness Study

Deepak Ranjan Padhi and Sugandha Katoch

Abstract In the past few years, virtual reality (“VR”) has been explored as a poten-
tial medium that provides immersive experiences. VR features are being evolved
for active engagement. However, there is a lot of scope in researching how the VR
experience varies across demographics. For example, how does an emergent user
(education below tenth standard, hardly exposed to information and communica-
tion technologies, or “ICTs”) experience VR in comparison to a tech-savvy user
(graduate, highly exposed to ICTs)?We performed mixed-method research with two
experiments using mobile VR headsets. Experiment-1 was conducted to study the
“immersion” effect by asking the participants to watch a virtual “roller coaster” ride
video. Experiment-2 was conducted to gauge the effect of “embodiedness” and the
“embodied interaction” with the medium. Here, the participants were asked to play
the “Moon Bird” VR game, while moving their hands like a bird’s wings. Qualitative
and quantitative results were compared across the two user groups. Neither had expe-
rienced VR before. We found that emergent users got engaged better than tech-savvy
users when there is only a perception of the virtual environment (Experiment-1).
Hand movements acted as a cognitive load for emergent users (Experiment-2) in
the beginning, but eventually, most expressed themselves as the game character. On
the other hand, tech-savvy users possessed a strong distinction between the virtual
and real environment but were found to be more engaged when they could interact
with the virtual environment, rather than just perceive it. We discuss the findings and
provide recommendations for future studies.
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65.1 Introduction

The roots of the term virtual reality can be dated back to the nineteenth century when
the first 360° art through panoramic murals began to appear. Nearly one hundred
years later, a mechanical device, the Sensorama [1], engaged multiple senses to
create an immersive VR. It was a large booth that provided amultisensory experience
of riding a motorcycle, including three-dimensional, full colour film together with
sounds, smells, and the feeling of motion, as well as the sensation of wind on the
viewer’s face.

With time, VR has evolved into a more similar representation of the real world,
ushering in research in a host of domains, including computer science, medicine,
education, etc. ICT and VR have become strictly interconnected as computing power
increases, and human–computer interfaces have becomemore complete and adaptive
[2]. From the host of challenges that VR faces today, one challenge remains to make
it more and more immersive.

Studying the degrees of immersion is an important step in the research for VR, but
studies have underrepresented the experiences of emergent users who have shown
great difficulties in accessing ICTs in the past [3]. In our study, we have tried to
understand the degrees of immersion and embodiedness that is felt by users across
demographics. We have collated the experiences of emergent users and tech-savvy
users, by conducting two experiments, based on “perception” and “perception-and-
action”.We have also tried to see whether embodied interactions enhance the percep-
tion of the virtual environment. The main focus of this study was to understand the
reception of VR in terms of how realistic and engaged the experience it provided
was, across users having different technological exposures. Qualitative data has been
collected through observations, think-aloud and interviews; and quantitative data of
the body movements and excitements has been recorded using Myo armband. The
band can fit on the user’s forearm, right below the elbow, and can record positional
data using an accelerometer and gyroscope [4].

65.2 Background

The term “immersion” haswidely been used in “VR”, to describe the level of involve-
ment of a person with the virtual environment. Jennett et al. [5] defined the general
concept of immersion in games as the involvement in the play, which causes a lack
of awareness of time and the real world, as well as a sense of “being” in the task envi-
ronment [2]. Brown and Cairns [6] identified three levels of involvement where “total
immersion” is referred to the highest level of involvement. This is when the users
cross the barriers of empathy and atmosphere in a gameplay. When referred to VR,
“immersion” is usually restricted to the meaning of spatial immersion (a perception
of being physically present in a nonphysical world) [2]. To understand further possi-
bilities, we also considered studying about embodiedness (etymologically, “em-”
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meaning “in” + “body”) concerning virtual reality. The term embodiment has been
defined differently in different contexts due to its multidisciplinary use and applica-
tion areas. One of its explanations from neuroscience is that to regulate and control
the body in the world effectively, the brain creates an embodied simulation of the
body in the world used to represent and predict actions, concepts, and emotions [7].
The capability of our brain of having a representation of our body results in a mental
construction composed of perceptions and ideas about the dynamic organization of
our own body, involving vision, touch, proprioception, interception, motor control,
and vestibular sensations [8]. One could refer to this as having a “sense” of one’s
own body, or the underlying perception of one’s bodily experiences.

When it comes to embodied cognition,Wilson [9] pointed out that the information
flow between the mind and the world needs to be taken together into consideration,
making the environment a part of the cognitive system. She suggested looking at this
scenario from the perspective of systems. The mind itself could be one system, the
environment, a system surrounding the same.Howone chose to define the boundaries
could dependon the purpose of the problemstatement. Evenwithout the environment,
the activity of the mind would be towards the interactions with the environment, in
her words, towards mechanisms of sensory processing and motor control. She also
stated that cognition has its bases towards action, with the mind utilizing perception
and memory to contribute towards situation appropriate behaviour. Kilteni et al. [10]
used the term “sense of embodiment” or “SoE” to refer to the ensemble of sensations
that arise in conjunction with being inside, having, and controlling a body, especially
in relation to virtual reality applications. “SoE” consisted of three subcomponents:
a sense of self-location (space where one feels present or located), sense of agency
(we cause actions), and sense of body ownership (the object belongs to you).

Through VR, a person can essentially take on the role, or a perspective, of a
different being through its avatar. Studies [11] have suggested that perspective-taking
may lead towards reducing the mental stereotypes formed of another person, thus
providing a space for changing one’s negative stereotypes, even reversing racial
biases [12]. In our study, when we utilize the word embodiment, we point towards
the embodiment which is also enabled via perspective-taking.

In embodied interactions, we have to consider the experience of the living human
body, as well as the materiality of the world we interact with and live in. This can call
us to explicitly design for bodily experience, for the moving and feeling body, and to
exploit our bodily intelligence [13]. In medicine especially, there lies a possibility of
altering the experience of the body by designing targeted virtual environments [14].

Today we have VR systems that work at low-latency with precise tracking of
movements that make usability better for the user andmanage to achieve this visceral
reaction [10, 13]. When technology can be transparent, users can experience an
increased sense of being in virtual environments (the so-called sense of presence)
[15]. Arguably, the perspective and the sense of environment enabled by VR deals
mostly with the visual and the audio affordances of a device, while a person can
utilize their mind and their body to interact with the virtual environment within it.
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In our study, we attempt to understand the effect of immersion in VR, together
with embodiedness and embodied interaction, while considering users across
demographics.

65.3 Method

We performed a mix-method study with two experiments. The experiment design is
shown in Table 65.1.

65.3.1 Experiment-1

In Experiment-1, we wanted to understand the VR experience with respect to immer-
sion. For example, howwould the participants perceive theVRexperience as opposed
to a realistic experience? How would this experience differ from the beginning to the
end of the task? How does this immersive experience vary across two sets of users
categorized as tech-savvy users and emergent users? 10 participants were recruited
using convenience sampling among which 5 (5 males, 0 female) were tech-savvy
users (age: 24–35 years)whowere graduates and highly exposed to ICTs,whereas the
other 5 (3 males, 2 females) were emergent users (age: 25–45 years) with education
below tenth standard and hardly exposed to ICTs. However, none of our participants
had experienced VR before. The session began with the experimenter informing
the users about the objectives of the study. Participants were also briefed about the
affordances of VR and consent for participation was taken. The same protocol was
followed in Experiment-2. As shown in Fig. 65.1, participants were asked to stand
and watch a 360 VR roller coaster ride [16] video wearing mobile VR headsets
and Myo armband for 4 min. They were asked to narrate their experience while
going through it. Think-aloud protocol was used to record on time user experience.
Qualitative data such as excitements, expressions were collected through participant
observation. Hand signals for acceleration were recorded using Myo armband for
quantitative analysis. We conducted a semi-structured interview after each session.

Table 65.1 Experiment design

Experiments Goal User types Type of
analysisTech-savvy Emergent

Experiment-1: VR
“roller coaster” video

To understand the
immersive experience

5 (5 m, 0 f) 5 (3 m, 2 f) Qualitative

Experiment-2: VR
“Moon Bird” game

To understand the
embodiedness and
embodied interaction

6 (5 m, 1 f) 6 (2 m, 4 f) Qualitative +
Quantitative
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Fig. 65.1 Screenshot of the VR roller coaster ride and a typical user experiencing it

During the interview, participants were probed to describe the current VR experience
as opposed to the real-life roller coaster experiences that theymight have experienced
in the past. All participants were thanked in the end.

65.3.2 Experiment-2

Experiment-2 was conducted to look at VR experience with regard to embodied-
ness and embodied interaction. The question we posed was whether these aspects
would enhance or diminish the VR experience. Secondly, how does this experience
vary between the tech-savvy and the emergent users? A total of 12 participants
were recruited among which 6 (5 males, 1 female) were tech-savvy users and the
other 6 (2 males, 4 females) were emergent users with the same profile mentioned
in Experiment-1. None of these participants had experienced VR before. Here, the
participants were asked to play the “Moon Bird” VR game [17] by wearing a mobile
VR headset and Myo armband. The interesting part is that they were also asked to
imitate a flying bird by flapping their hands like the wings. Among the participants,
one person chose not to wear the Myo armband. So we could only collect the quali-
tative data from that participant. A screenshot of the game and a picture of a typical
user is shown in Fig. 65.2.

We wanted to understand if the users get to interact with the VR platform through
a game, how does that experience differ from just watching a roller coaster ride video.
Secondly, does flapping hands bring embodiedness in the gameplay across users?
We began the session by informing the users about the objectives of the study. The
users were asked to relax for 5 min before participating to neutralize their mental
states. Then the experiment followed a three-stage approach.We incorporated a 5min
relaxation break in between each stage to avoid the recency effect [18]. In the first
stage (pre-imagination), users were asked to stand, open their arms and imagine “a
bird flying in the sky” for 1 min. They were also asked to narrate whatever they were
imagining (think-aloud). In stage-2 (Play the Game), users were asked to play the
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Fig. 65.2 Screenshot of the Moon Bird VR game and a typical user experiencing it

“Moon Bird VR” game wearing a VR headset for 3 min. They were initially briefed
about the objectives, rules and interactions of the game. Users were asked to stretch
their arms and express themselveswhile playing. In thefinal stage (post-imagination),
users were asked to stretch their arms again and imagine “a bird flying in the sky”
for 1 min. They were also asked to narrate what they were imagining. All narrations,
body movements, excitements, and expressions were observed qualitatively. Also,
the positional data and hand motion data of the users were collected through Myo
armband. A semi-structured interview was conducted in the end and all participants
were thanked for their participation.

65.4 Qualitative Analysis

65.4.1 Analysis of Experiment-1

We followed the grounded theory approach [19] to analyse the qualitative data
obtained from think-aloud protocol, semi-structured interview, and participant
observation.

VR is just like 3D; nothing more. Most of the tech-savvy users reported that while
going through the VR roller coaster ride, they were very conscious about the images,
picture quality, sound, and the VR platform. During the interview, one user said that
“I didn’t like the animation in the ride. It would be better if it would have been a
360° video shot in reality”. Another user said that “I play a lot of games. Here it felt
like a 3D game. Although I felt the thrill when the roller coaster turned around but
somehow I knew that it was not real”. Some users reported that in the beginning of
the experiment they were not very excited, but in the middle, they got more involved
and felt the fear of heights. They felt like they were taking the ride themselves. One
of the users reported that “I felt like falling when the big slope came in the ride”.
But overall, tech-savvy users were less immersed, as observed by their reactions and
excitements during the think-aloud protocol. They were also standing very stable
during the entire session.
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I was not here; I was in another world. On the other hand, emergent users were
found to be more involved in taking the VR ride. One of the users said that “I am
feeling as if the world is spinning around me… Oh My God!” Some users were
found to be standing stable in the beginning but felt like falling towards the end.
There were also body movements observed such as lifting hands, shaking legs, etc.
while the users were taking the VR ride. Some users also took support to stand.
Some users expressed curiosity about what’s going to come next while taking the
ride. During the interview, they reported that they felt as if they were sitting inside a
roller coaster and felt the fear of falling but it’s not the same feeling as reality due to
the poor quality of graphics perceived through the headset.

Content is the key. We found that it is okay if the VR content is fictionalized rather
than just matching to reality. The content creators could think of creative ways to
develop suspense and thrill. One of the users said that “During the ride, the roller
coaster tilted several times and took a very unusual path. This usually doesn’t happen
in the real roller coaster ride. But that part thrilled me more. It was really exciting”.
All our participants appreciated the overall content in the roller coaster ride and found
it to be very interesting. However, there was a demand for creating non-animated
content. Some users also complained about the creator’s logo that came on the screen
once. The sound effects such as the moving sound of a roller coaster, the wind flow
and the change in their intensity with respect to the slopes were appreciated.

From this analysis, we found that a person’s prior exposure to technology matters
on how content on a newpiece of technologywill be perceived. Comparing both these
scenarios, we could say that emergent users get more engaged than the tech-savvy
users in the perception of the virtual environment although all users felt being in a
virtual world. Content design plays a major role in providing a realistic experience.
For example, a real 360 video is preferred over an animated one. However, there is
also scope for fictionalization.

Although we collected the Myo band data for this experiment, we could not
analyse it due to the difficulty in standardization. In each case, every user behaved
uniquely. For example, a few users seek to hold an object in the middle of the
experiment, whereas others stood still. Some users lost track during the ride and
looked around a few times to get back to normal. Since experience is unique to
every user, we faced difficulties in devising a controlled protocol to measure user’s
behaviour quantitatively.

65.4.2 Analysis of Experiment-2

Experiment-2 took place in three phases: “pre-imagination”, “playing the game”
and “post-imagination”. We observed very interesting journeys of users from pre-
imagination to the post-imagination phase.

Tech-savvyusers. The journey of tech-savvy users is shown in Fig. 65.3. In the begin-
ning, users were asked to close their eyes, stretch their arms and imagine themselves
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Fig. 65.3 Journey map: VR experience of tech-savvy users in Experiment-2

as a bird flying in the sky. They were asked to narrate what they were imagining. We
found that all of them were able to imagine a bird flying. In most of the narrations,
the users reported imagined scenarios such as “seeing a bird with trees and buildings
around it”, “a bird flying with other birds”, etc. For example, one of the users said
that when he heard the word bird he could immediately imagine “a bird sitting on a
mango tree near his house and flying from tree to tree for food”. In all cases, none
of our tech-savvy users imagined themselves as a bird. We also observed very little
hand movements.

At the beginning of the game, the users had a strong distinction between what
is virtual and what is real. They felt like playing a game and there was a screen
in front of them for visualization. But over time, this distinction faded away. They
became a part of the virtual environment and started expressing themselves as a bird.
For example, one user said, “I am flying so high and I can feel the speed of my
movement”. They got immersed in the game such that they stopped narrating and
started expressing themselves with words/sentences like “Wow!”, “Oh no, I am flying
so high now.”, “I have to save myself from the obstacles.”, etc. All users reported
that the flapping of arms helped them in realizing themselves as a bird. Although
some users recognized that the flapping of arms had nothing to do with the bird’s
movement in the beginning, but after some time, we observed the change in intensity
in their hand movements when they faced an obstacle and tried to save themselves in
the game. We also observed the same when they had to take a turn. For example, if
they had to take a left turn in the game, we observed more flapping on the left hand.
During the interview, one of the users reported that the flapping hand interaction was
looking like a hindrance in the beginning but he enjoyed the game once he was able
to sync his hand movements with the bird. It gave him an immersive feeling. Another
user said that this VR game is so immersive that she forgot the physical environment.
All the users wanted to play more when we asked them to stop playing the game.

In the post-imagination phase, users narrated environments such as flying with
other birds in the sky, cloudsmoving in the sky, they could see vehiclesmoving on the
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Fig. 65.4 Journey map: VR experience of emergent users in Experiment-2

road, etc. Unlike the pre-imagination phase, the users could see more moving objects
in the post-imagination. This could be an effect due to the players being immersed
in the game, since in the game, all the objects were moving. But the users did not
mention the same set of objects shown in the game. They were also flapping their
arms while narrating in the post-imagination phase. Although the flapping was not
as strong as it was in the game, it was definitely more than the pre-imagination stage.
Interestingly, all the users expressed themselves as a bird in the post-imagination
phase.

Emergent users. The journey of emergent users in Experiment-2 is shown in
Fig. 65.4. The journey took place in three phases such as “pre-imagination”, “playing
the game” and “post-imagination” like before. We observed that the emergent users
found it difficult to imagine themselves as a bird in the pre-imagination phase. Most
of the users could not even imagine a bird flying in the sky. After a few probes were
given, some users started reporting repeated sets of objects such as “I could imagine
a bird, a tree, a hill… A new bird, a tree, a hill…” Imagination was difficult for them.

In the next phase, it took a little bit of time for the emergent users to understand
the objectives of the VR game and familiarize them with the interactions. However,
we did not provide any training by exposing them to a VR environment since we
wanted to record the first time reactions. Only verbal instructions were provided.
Once they understood the objectives, they enjoyed playing the game. We observed
that the flapping of arms acted as a hindrance to their perception. Some users flapped
without any sync with the bird in the game. Although the flapping helped them
visualize themselves as a bird, it acted as a cognitive load in performing actions in
the game. However, all of them felt immersed in the virtual world.

In the post-imagination phase, the emergent users could imagine themselves as a
bird. For example, one of the users said that “I am flying with a lot of birds around. The
wind speed is high”. Most of their descriptions resembled what they saw in the game.
But interestingly, all the users were flapping their arms during the post-imagination
stage while describing the scenario. During the interview, they said that the flapping



814 D. R. Padhi and S. Katoch

of arms helped them visualize themselves as a bird in the post-imagination phase.
This also makes it evident why they could not visualize themselves as a bird in the
pre-imagination phase.

65.5 Quantitative Analysis

We analysed the acceleration data collected from theMyo armband. The acceleration
data is received in three axes with respect to time. The resultant acceleration is
calculated first for all instances using the formula

Res._Acc =
√

x2 + y2 + z2 (65.1)

We then plotted the box–whisker plot to look over the variation in the hand
acceleration across the three different phases in Experiment-2 considering the two
user groups. As shown in Fig. 65.5, the acceleration in the post-imagination phase
(median = 1.003, whisker range = 0.693–1.304) is more than the pre-imagination
phase (median = 1.000, whisker range = 0.915–1.084) for tech-savvy users. That
means the users flapped their arms faster in the post-imagination phase than the pre-
imagination phase resembling our qualitative insight. The acceleration is found to be
highest in playing the game phase (median= 1.004, whisker range= 0.253–1.750).

Similarly, for the emergent users, the acceleration in playing the game phase
(median= 0.998, whisker range= 0.693–1.305) was found to be the highest among
the other two phases. The acceleration in the post-imagination phase (median =
1.000,whisker range= 0.840–1.166) ismore than the pre-imagination phase (median
= 1.003,whisker range= 0.931–1.069). The variation in acceleration across the three
phases for emergent users is shown in Fig. 65.6.

In all three phases, we found that tech-savvy users possessed more hand acceler-
ation than the emergent users. However, their differences are not found to be statis-
tically significant in the two-sample t-test with unequal variance (p > 0.05 and α =
0.05). The comparison statistics are shown in Table 65.2.

Fig. 65.5 Variation in
acceleration across
pre-imagination, playing the
game and post-imagination
phase for tech-savvy users
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Fig. 65.6 Variation in
acceleration across
pre-imagination, playing the
game and post-imagination
phase for emergent users

Table 65.2 Comparison statistics between the two user groups across three phases

Pre-imagination phase Playing the game phase Post-imagination phase

Tech-savvy users Upper whisker: 1.084 Upper whisker: 1.750 Upper whisker: 1.304

Upper hinge: 1.021 Upper hinge: 1.190 Upper hinge: 1.075

Median: 1.000 Median: 1.004 Median: 1.003

Lower hinge: 0.978 Lower hinge: 0.815 Lower hinge: 0.922

Lower whisker: 0.915 Lower whisker: 0.253 Lower whisker: 0.693

Emerge nt users Upper whisker: 1.069 Upper whisker: 1.305 Upper whisker: 1.166

Upper hinge: 1.017 Upper hinge: 1.076 Upper hinge: 1.044

Median: 1.003 Median: 0.998 Median: 1.000

Lower hinge: 0.983 Lower hinge: 0.923 Lower hinge: 0.962

Lower whisker: 0.931 Lower whisker: 0.693 Lower whisker: 0.840

t-test df = 40,317, p =
0.292938, t critical =
1.96

df = 44,909, p =
0.376256, t critical =
1.96

df = 38,302, p =
0.781177, t critical =
1.96

65.6 Discussion

We conducted two different experiments to report user experience with VR (Virtual
Reality). As per our analysis between emergent and tech-savvy users, we conclude
that emergent users could engage themselves better when there is only a perception
of the virtual environment. Perception along with action could act as a cognitive
load for them. On the other hand, tech-savvy users have a strong distinction between
the virtual and real worlds. Since they are better exposed to science fiction and
abstraction, VR was experienced as a 3D tool for them in our perception study
(Experiment-1). But they found themselves more engaged when they were able
to interact with the virtual environment using their body (Experiment-2). Overall,
the embodied interactions and embodiedness enhanced the immersiveness and the
feeling of being physically present in the virtual world.

All our users found the VR interactions to be simple. One of the users said that
“It is so simple to play the game since no button is needed, everything is controlled
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by movements”. Some users were upset about the heaviness of the VR headset. It
felt like they were wearing something and that affected their immersive experience.
Mobile VR headsets are cheap and affordable but they don’t provide high-quality VR
effects like Oculus Rift and HTC Vive. This might have affected the overall result.
Another limitation is that we did not do the vision test of the users. Although none
of our users were wearing spectacles or reported eyesight problems, it is a good idea
to do a vision test before conducting such studies.

In the Experiment-2 we asked all participants to extend their arms and resemble a
bird. However, we did not study how they would have perceived the game if they did
not have to flap their arms. For some emergent users, the flapping of arms acted as a
cognitive load although it helped them express themselves as a bird. For quantitative
analysis, we felt that the number of participants was less to generalize the results.
In future, we aim to extend this study with more number of participants to better
generalize our results.
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Chapter 66
Designing Sustainable Tourism
Experiences for the Tourists of Tomorrow

Anamika Menon and Sagarika Jayawant

Abstract Tourism is one of the fastest-growing and most important economic
sectors in the world with its continuously evolving trends and its potential to create
millions of job opportunities. The rise of globalization, changing demographics,
and the constantly evolving needs of people has widened the canvas for tourism.
However, improved connectivity and an increase in the purchasing power of people
have resulted in rapid and unplanned tourism which has proven to be an environ-
mental challenge. With a desire to travel and unwind being the topmost priority
among today’s population, the number of tourists is predicted to increase by 3.3%
per year causing tourism to become more of a hassle. Considering the current world
scenario, the emerging generations (Generation Z and Millennials) are expected to
contribute a significantmarket share in the tourism sector by the year 2040. The paper
aims to identify the various pain points in the tourism experience and help advance
the research and development of a sustainable tourism model. Specific attention is
focused on illustrating tourism as a part of the “Experience Economy” and demon-
strating how technological innovations such as Artificial Intelligence, Augmented
Reality, Virtual Reality, Internet of Things have given rise to the possibility of “Smart
Tourism” and can contribute to help empower the host communities and, at the same
time enable a transparent, reliable, and seamless travel experience, for the tourists.

66.1 Introduction

Tourism is one of the most remarkable socio-economic phenomena that is defined
by a visitors’ experience away from their home environment facilitated by services
provided by the host destination. It is a multifaceted industry involving a complex
network of interconnected businesses and services, including various stakeholders,
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governmental and inter-governmental organizations, NGO networks, host commu-
nities, consumers, as well as the infrastructure required to support it.

International tourism has taken a giant leap in recent years, making it one of the
most profitable sectors of the world economy. It accounts for 7% of total investment,
5%of all tax revenues, and a third ofworld trade in services. It employsmore than 250
million people, that is, every eighth employee in the world. The travel and tourism
industry contributes 3.6% of the world’s GDP and is expected to rise in the coming
years. The total revenue of the global tourism industry in 2019 was $2 Trillion.

Tourism being a rapidly evolving landscape, it is necessary to accord with the
challenges faced at various stages of the tourism model. It causes an alteration in
the traditional lifestyles of the local communities as well as tourists. Managed well
tourism positively transforms the socio-cultural, economic, and political develop-
ment of the host destination. On the contrary, excessive and unplanned tourism can
negatively affect the social and political systems in the host destination as well as
affect the natural resources and consumption patterns.

Thepaper focuses on considering anddealingwith the areas of concernobserved in
the entire tourismmodel that can lead to envisioning a sustainable tourismexperience.
At the same time, determining how technological advancements like big data, AR,
AI, VR, and IOTs can play an integral part in building upon the traditional hierarchies
and processes of planning the tourismmodel, empathizing with the economic, social,
and cultural concerns that lead to creating a smart tourism experience.

To better understand and achieve the above objective, the following research
questions have been raised:

• What are the challenges faced by the host communities with a heavy influx of
tourists?

• What are the factors that negatively influence tourist experiences?
• How can technology and innovation be leveraged in such a way that it empowers

the tourism industry to deal with its economic, socio-cultural, and environmental
challenges?

66.2 Methodology

The research is intended to analyze and understand the problems in the tourism
industry and derive technological solutions to build a sustainable tourism model.
Based on the ever-evolving nature of technological innovations and its application
to sustainable tourism, an interpretative perspective was selected for this research
to enable flexible and open research solutions. The study was instituted by raising
a series of research questions to better understand the scope of the objectives. A
comprehensive study of qualitative data was conducted to determine the chronology
of the various stages of the tourism experience and the stakeholders involved at
different levels. Qualitative research of the existing technologies and their appli-
cations were done to determine their relevance to solving the research questions.
The data obtained was closely examined to identify patterns and facilitate value
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co-creation enhanced by the reconciliation and synthesis of the various domains.
Work of experts in the concerned field, relevant conference papers, and journals
were consulted to carry out a detailed content analysis and categorization of terms
such as “Sustainability” and “multi-sensory tourism experiences” to better identify
the potential of the research paper.

66.3 Analysis

The travel and tourism industry involves several pressing issues associated with
social, economic, and environmental factors. The challenges faced by the tourism
sector differ across geographical locations as each region has its specialties, policies,
and priorities. Since it involves multiple activities in terms of host countries as well
as on the tourists’ end, negative consequences of tourism development are observed
like, overcrowding, tourism carrying capacity, pressure on natural resources, infras-
tructure, preserving the local culture. Thus, these factors directly have an impact on
the tourist experiences and hinder the ecosystem of the local communities and the
sustainability of destinations.

66.3.1 Problems Faced by Host Nations

Economic Problems. Although tourism greatly contributes to the economy of a
nation, it can sometimes prove harmful for the local communities as a high influx
of money due to tourism is rarely directed to them. In regions with a heavy influx
of tourists, due to high demand, there is an increase in taxes, prices of goods and
services, land value, and real estate. Tourism requires heavy investments which are a
concern for underdeveloped nations as foreign investors are reluctant to invest until
profits are assured.

Seasonality is observed to be a significant challenge for nations as it causes
wasteful use of resources as the investment in infrastructure and other activities
may not be used all over the year which results in tight economic conditions. Over
tourism can also backfire on the nation’s economy as an increase in the purchasing
power of the citizens will result in them going for vacations abroad, thus causing
an outflow of money from the economy. This scenario is also known as “leakage,”
wherein the net income of tourism is lowered due to the local population traveling
abroad.

Socio-cultural Problems. Tourism ushers a regular influx of new life and cultures.
Quite often, the locals get fascinated by the “other” way of life also known as “Staged
Authenticity” which is influenced by the current trend of “experiencing the authentic
culture” leading to commercialization of cultural activities. Traditional festivals and
ceremonies are transformed into staged performances for the tourists, which tend
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to lose its grace for the local communities, thus causing loss of cultural identity.
Tourism development also leads to displacement of residents in certain situations.
Overtourism can upset the local population due to insufficient transport facilities,
communication services, safety, and security. It is commonly observed that political
and economic differences often result in clashes among the local communities and
tourists.

Environmental andHealthProblems. Regular influxof tourists fromvariedgeogra-
phies creates a backdrop of heightened uncertainty amongst locals concerning their
health security and also causes ecological congestion. Indiscriminate efforts by host
countries to manage facilities like waste disposal, water as well as unwatched devel-
opment of infrastructure, which neither considers the local architecture causes loss of
biodiversity. In addition, lack of initiatives by the government to develop a compre-
hensive healthcare model puts excessive pressure on the existing system to deal with
a health crisis. COVID-19 is one very apt example of the situation. The outbreak
brought the world economy to a standstill, and the tourism industry was the worst
affected. COVID-19 being a contagious disease requires a high level of sanitation to
improve life expectancy. The spread of disease was aggravated due to the movement
of people across geographies. The inability of nations to accommodate and treat the
local citizens along with the non-residents leads to an extended responsibility for the
healthcare services of host countries to treat a larger population.

66.3.2 Problems Faced by Tourists

The travel experience starts right from identifying a travel destination to reflecting
and sharing the trip experience with fellow travelers. Tourists today want to live the
local life, engaging with locals and experiencing the authentic culture and cuisine
of the place, but factors such as language, way-finding, accessibility, and infrastruc-
ture facilities prove challenging and thus could hinder the entire travel experience
(Fig. 66.1).

Stage 1: Planning and Discovering
Deciding on a destination is the first milestone in a tourist’s journey which is

facilitated by gathering information from the Internet to connecting with tour opera-
tors. However, a disconnect between what the customer expects and what is provided
and the inability to find reliable sources to gather information to create tailor-made
experiences is one of the primary pain points of today’s tourists.

Stage 2: Experiencing and Sharing.
Communication and mobility—Lack of sufficient infrastructure and services

in the host nations creates unnecessary hassle concerning navigation and way-
finding, thus resulting in unfavorable tourism experiences. Failing to understand the
constraints of the local culture can keep the tourists from getting a holistic experience
of the destination.
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Fig. 66.1 Stages of tourism experience

Travel, health, and security uncertainties—In today’s trend of solo travel, secu-
rity is a pressing concern, especially for women. Unforeseen circumstances during
travel, such as loss of baggage in transit, delayed or canceled flights create undue
dissatisfaction in the customer journey. Touristswith pre-existing health problems are
reluctant to travel to unfamiliar destinations due to uncertainty pertaining to health-
care services. On the other hand, constantly traveling across geographies makes one
susceptible to contracting infections. COVID-19 has made people vary of traveling
and conscious about their travel choices.

66.4 Discussion

Considering the serious repercussions of tourism, it is important to structure a tourism
model that balances the needs and expectations of travelers and at the same time has
a minimum negative impact on host countries. “Tourism Sustainability” determines
the durability and economic profitability of tourism activity by effectively utilizing
tourism resources and facilitating spatial and perception mobility. It helps attract
environmentally conscious tourists. In order to achieve “Economic Sustainability”
in Tourism, it is important to support the local economies. This can be done by
involving the local communities in the tourism experience. This not only benefits
the locals but also enhances the quality of tourism experiences. “Socio-Cultural
Sustainability” reduces vulnerability, helps maintain stable health conditions, and
preserves the socio-cultural authenticity of the host nations.

The world tourism organization defines sustainable tourism in the following
manner: “Sustainable tourism development meets the needs of present tourists and
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host regions while protecting and enhancing opportunities for the future. It is envis-
aged as leading to management of all resources in a way that economic, social,
and aesthetic needs can be fulfilled while maintaining cultural integrity, ecological
processes, biological diversity, and life support systems.”

Tourism, generally considered as people traveling for pleasure is nonetheless
a complex activity involving various issues intersecting over several branches in
the socio-economic sectors. Thus, the shift toward sustainable tourism has to be a
united effort by both the host countries and the tourists in liaison with the varied
stakeholders of the system. Green tourism will turn out to be a key to social change
owing to imminent innovation in technology.

In this context, sustainable tourism is not only about environment-friendly travel
and going green, but about various other aspects such as the local communities
being profitable and causing minimal damage to the host countries. “Live like the
locals” is amajor factor contributing toward sustainable travel. A 2016 Expedia study
derived that authenticity was a top priority for tourists of the millennial generation
across the world. These services include experiences in which tourists engage in
activities organized by the locals, participating in indigenous traditional festivals,
cookery classes offered by locals, as well as buying local products, traveling by local
transport, and staying in eco-friendly accommodation, run by the locals.

So, how do we harness the power, the opportunity, and the insights of all the raw
data available and the various technologies to enhance the tourism experience?

Smart experiences aided by developing real-time monitoring, successful infor-
mation systems, and a smart destination can facilitate the co-creation of experi-
ences. The interconnection of tourism destinations and the complex structure of
stakeholders through dynamic platforms, enhanced decision support systems, and
knowledge-intensive flows of communication to build a sustainable model is now
possible through the advent of technologies such as augmented and virtual reality,
artificial intelligence, Internet of Things, and smart wearables collaborating with
Web chatbots form paramount constituents of a sustainable tourism model.

66.4.1 Artificial Intelligence

Artificial intelligence has brought about a paradigm shift in what tourists want.
Today, touristswish to chart their itinerary, arrange every ancillary service throughout
their journey to ensure a smooth and hassle-free travel experience. AI is a game
changer in this context. AI can study consumer behavior and provide automated
recommendations and services during interactions for booking tickets, creating a
personalized itinerary, and even suggesting restaurants based on the users’ food
choices.

Recognition technology a subset of AI has immense potential in eliminating fric-
tion in a tourist’s journey and enhancing seamless travel interactions. “The tech-
nology itself includes fingerprint recognition, facial recognition, retina scanning,
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and various other biometric identifiers. In addition, within airports and hotels, secu-
rity is a key concern, and facial recognition can be used to more easily identify
people, to grant specific people access to places, and to keep others out” [1].

Known Traveler Digital Identity (KDTI) “Testing and health screening at airports
is difficult to achieve at scale. Under schemes like known traveler digital identity,
travelers would be able to consent to share their identity and health data in advance
of the journey, allowing border officials to conduct any required risk assessments in
advance of the journey while avoiding queuing and bottlenecks at airports” [2].

66.4.2 Big Data

“As human beings, we create a lot of data, and it is increasing exponentially every day.
The PBS program Nova Wonders recently shared a truly mind-boggling statistic: We
now create 2.5 billion gigabytes of data per day” [3]. Big data can be used compu-
tationally to analyze travel patterns and to understand seasonality and creating heat
maps of destinations and disperse the tourists to avoid overcrowding. Before tourists
arrive, a socio-demographic status is established for the knowledge of destination
managers, and a plan of action can be defined to ease congestion. This system will
also help effectively allocate the resources for destinations that deal with the problem
of seasonality of tourism.

Environmental benefits are achieved from using integrated data tomake important
decisions about tourismplanning in sensitive areas by identifying sites and attractions
for development (McAdam 1999, [4]) and helping with tourist management tech-
niques through zoning and identification of areas that require protection (Bahaire
and Elliott-White 1999, [4]).

66.4.3 Augmented Reality and Virtual Reality

“Virtual reality technology typically involves the use of a VR headset, which helps
to immerse a user in a digital environment” [5]. VR is a value addition to destinations
and archeological sites that are fragile for a physical tour but can be recreated giving
a virtually parallel reality of these tourist sites. The local community can be involved
in this process of creating a multi-sensory extravaganza of events describing their
culture and history. It can also be useful in creating an informative experience of
visiting local wildlife and mesmerizing oases without disturbing the natural habitats,
preserving and safeguarding the environment. VR can also prove to be extremely
helpful to people with disabilities who cannot visit certain attractions due to physical
limitations.

Augmented reality is a digital technology that tends to change a person’s percep-
tion of the way physical surroundings which are viewed using a device. It augments
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the real world by an overlay of digital components, thus making their travel experi-
encemore engaging and smooth like using it for navigation or pointing at a restaurant
and getting its reviews and menus.

66.4.4 IOT

An interconnected network of services and products forms the basis of IoT which
facilitates seamless travel. Right from offering a smart environment for hotels that
awards control to the guests to providing a seamless check-in and boarding process
through beacons within airports, there are numerous offerings to this innovation.
IoT is predicted to cover a $2 trillion market by 2030. Location-based services are
also a major feature of IoT. Be it using sensors and sending push notifications to
passenger mobiles alerting them on next available flights if one is canceled, getting
directions to boarding gates, baggage arrival to providing notifications to tourists
about attractions, and other services when they are most relevant based on where
they are. These can also be used in-flight to monitor heart rate, anxiety level, body
temperature, etc., of passengers and notifying cabin crew for assistance (Fig. 66.2).

The sustainable tourismmodel is designed to enhance the capabilities of the future
tourism industry curating meaningful experiences for the tourists by leveraging the
potential of technological innovations.

66.5 Conclusion

Technological advancements help understanding changing perceptions and expec-
tations of tourists and have a seamless and secure journey. Collaborating and co-
creating experiences act as a key to developing a sustainable tourism model and
thus transform the tourism industry. Smart tourism takes into account the economic,
socio-cultural, and environmental challenges faced by the host countries and the
tourists and leads to a pleasant experience developing a platform to enable cooper-
ation between the two. The tourism model proposed introduces a collaboration of
systems in which infrastructure, technology, and personnel merge into a single seam-
less experience providing multiple personalized outputs that will not only provide a
wholesome experience to tourists but also act as a catalyst in empowering the local
inhabitants of the host countries helping them flourish.
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Fig. 66.2 Proposed tourism model
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Chapter 67
Virtual Reality-Based Fire Safety
Training for the Indian Context

Alan Sha, Anmol Srivastava, Madhav Haldia, Pranav Kumar,
and Pankaj Badoni

Abstract A large number of fire accidents occur across India every year due to
appalling status of fire safety measures and general laxity among the public. This
paper explores the potential of virtual reality (VR) to educate and raise awareness
amongst themasses about precautionarymeasures of fire safety. TheVRexperience is
primarily targeted for non-fire fighters. A user-centered design approachwas adopted
to identify various problems faced at the time of fire emergencies. Semi-structured
interviews were conducted, and online surveys were utilized for data collection.
Based on insights gained from analyzing the collated data, VR experiences were
prototyped utilizing Google cardboard and HTC vive. The prototypes educate the
user about the use of fire extinguishers and behavior of smoke.

67.1 Introduction

Fire is a major disaster that threatens human safety. In India, houses and institutions
are prone to fire due to lack of safety knowledge and the absence of emergency
measures. According to a published report by the National Crime Records Bureau
(NCRB) [1], thirty-five (n=35) Indians die in afire incident daily.Of thefire fatalities
reported in 2018, 4290 were in age group of 18–30, and 3860 were in age group of
30–45. These numbers show the severity of the problem and lack of knowledge
of Indian masses about fire and safety. These alarming numbers also emphasize
that the educational institutions and industries must attach great importance to fire
safety training. In addition, the onus also falls on the general public to learn and
master the fire safety measures and necessary skills to prevent the fire and handle it
properly in case of fire accidents. Fire safety education is a combination of knowledge
learning and operational exercise, where teaching method plays a vital role. Until
now, traditional teaching methods primarily relying on textbooks and multimedia
presentations have been utilized. However, these methods are unable to capture the
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essence of a hazardous environment and lack the experiential component. With the
emergence of virtual reality (VR) technology, realistic three-dimensional (3D) virtual
environment and immersive multi-sensorial experiences can be designed. Owing to
these capabilities, VR has been utilized for many training and educational purposes.
VR has also been explored extensively for fire safety training [2–4]. However, how
can this technology be utilized for educating the masses especially in an Indian
context? To address this question, this study adopts a user-centered design (UCD)
methodology to identify the problem and design suitable solution. The aim was to
understand themain problems faced in fire safety situations in Indian context through
the eyes of both fire fighters and non-fire fighters. For this, qualitative data collection
techniques such as semi-structured interviews and field observations were utilized.
Based on the insights gained from the analysis of data and through the literature
reviews, VR fire safety training experiences have been prototyped.

67.2 Literature Review

Fires are classified by the kind of fuel involved. Not all extinguishing agents are good
with a wide range of fuel (e.g., water utilized on a flammable fire is probably going to
build the pace of burning significantly and to scatter the fuel to cover a greater area).
Thus, if a wrong fire extinguisher is chosen, the fire circumstance can bemade worse,
often your own personal safety. A few fire extinguishers are just more effective than
others on specific classes of fire. Various classification of fire has been provided in the
literature [5]. Most fire extinguishers have a pictograph label identifying the type of
fuels that may be extinguished. An understanding of basic principles of combustion
or fire, causes and sources of ignition, fire growth and fire spread are necessary for
understanding the principles of fire control and extinguishment. Combustion usually
requires an exothermic chemical reaction between a substance or fuel and oxygen.
Unlike slow oxidation, a combustion reaction occurs so quickly the heat is generated
faster than it is dissipated, causing a marked increase in temperature, even up to a few
hundreds of degrees. Frequently, the temperature reaches so high that visible light
or flame is generated. It has been shown from the triangle of fire that three factors
are essential for combustion (refer Fig. 67.1). An interesting protocol to teach about
fire safety is the PASS protocol. Pull the pin, aim the extinguisher nozzle at the base
of flames…squeeze trigger and sweep the extinguisher or nozzle from side to side
covering base of the fire [5].

A number of studies [2, 3, 6, 7] have been published on fire safety training in VR
which primarily focus of fire simulation, fire safety training, smoke behavior, fire and
safety in VR. Among them, Kobes and Helsloot [2] researched on the possibilities
of virtual reality for studying human behavior in fires are so far scarcely adopted by
researchers. The application of a behavioral assessment and research tool (BART)
in virtual reality is expected to be an important addition on the existing research
methods. Shamsudin [3] reviewed the history, attributes, and application of virtual
reality in training and education for construction safety and health course. While
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Fig. 67.1 Fire triangle

doing fire safety training in real environment, Eglin et al. [4] stated that the longer
duration of exposure coupled with the inability to dissipate heat whilst wearing
protective clothing can result in considerable physiological strain for fire fighter
instructors [10]. Williams-Bell et al. [11] stated that the colleges and universities
must attach great importance to fire safety education. Each student must learn and
master the fire safety knowledge and necessary skills to prevent the fire and handle
properly in the event of fire [11]. Feng and Xiao [6] suggested that a VR fire drill
systemhas a practical significance and is instrumental in fire drills, fire safety training,
and other applications [12]. Bernardes et al. [7] established virtual reality that can
be a valuable tool for fire safety training, as the training can be more effective,
VR reduces cost, and can increase the safety of individuals [13]. Fanfarová and
Mariš [8] presented the possibility of using modern simulation tools using computer
softwares. The study suggests training in VR that improve and increase the level
of preparedness of fire and rescue services [3]. Yu and Guan [9] suggested that
virtual training methods should be used for fighters for better performance [14].
Martínez [15]. The lack of interactivity and high equipment complexity also leads
to the low practicability [15]. Moreno et al. [10] have discussed various simulations
dealingwith fire extinguishment actions, natural and artificial fire breaks, and various
wind conditions. [16]. The authors used different fire propagation algorithms. Yang
et al. [13] apply VR for gas explosion training [18]. Wang et al. [14], the paper
establishes applications of fire disaster simulation and virtual fire training by using
collaborative virtual geographic environment (CVGE) platform—CySim, which is
developed based on open source open simulator server and second life client. García-
Hernández [16], for in emergency situations, the tools described in this paper like
3D images 360° images for fighters were preferred to the already existent self-
protection plans [11]. Xi and Smith [17] the success of using professional numerical
fire simulation tool to support non-player characters behavior in virtual environment
will provide a new way to enhance the realism of virtual environment by using high
fidelity fire data sources [15]. Shamsudin et al. [3] state that VR training environment
can provide a diversity of equipment operation scenarios for teaching and learning
[9]. Zhang et al. [12] established that VR has enriched the teaching form of fire safety
education on campus,which can effectively help students learn fire safety knowledge,
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master fire safety skills, and improve fire safety education effect [17]. Viant et al.
[20] fire safety education emphasizes the close combination of knowledge learning
and operational practice. It is important to choose the appropriate teaching method
[20]. Houvouras et al. [21] fire drills can effectively help students become familiar
with firefighting equipment and learn extinguishing and self-protection skills [21].
Querrec and Chevaillier et al. [22] proposed a storytelling-based approach to VR
fire training [22]. Xu a et al. [18]. Rena visualization technique based on volume
rendering and fire dynamics data has been especially designed to create a realistic
and accurate smoke environment for the purposes of effective virtual training, which
allows the trainees to experience a realistic and yet non-threatening fire scenario[7].
Itamiya et al. [19] used AR system for an experiment in evacuation drills natural
hazards in elementary schools and virtual reality; it was very useful improving crisis
awareness of students [20].

Based on the literature review, several directions for research in fire safety training
have been identified. As the main aim of this research is to utilize VR for training the
general public, which needs to have better reach in terms of equipment accessibility
and cost, PASS protocol was chosen to be implemented for Google cardboard.

67.3 Methodology

This study utilizes a UCD approach and employs various design methodologies to
identify the crucial needs. Semi-structured interview, field and online surveys were
utilized for data collection.

67.3.1 User Interviews

The primary objective of the user interviews was to understand the problems which
are faced in firefighting from the perspective of both firefighters and non-fire fighters.
Semi structured interviews were conducted among (N = 10) participants.

Table 67.1 depicts the type of participants interviewed (Age group: 20–45, Male).

Table 67.1 List of
participants and number of
participants

Participants Number of participants (10)

Fire safety manager 1

Fire fighters 2

Fire safety students 4

Fire safety instructor 1

Non-fire fighters 2
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Fig. 67.2 Affinity analysis diagram from user interviews conducted

Questions pertaining to participants’ work experiences and knowledge about fire
training were asked. User diaries and audio recordings were utilized to document and
capture interviews. The audio recordings were later transcribed for affinity analysis.
Questions were asked based on the experiences of the participants regarding the
real-life experiences regarding fire. Problems they faced while when fire accidents
happened, what kind of training would help them in fighting fire and most common
fire situations (Fig. 67.2).

From the affinity analysis, it was understood that PASS protocol is the most
important protocol that should be trained for the non-fire fighters among all the other
fire extinguishing techniques.

67.3.2 Surveys

An online survey was conducted to understand the knowledge and behavior about
fire and safety. The study recruited participants in which 71.4% were male and
28.6% were female. 90.5% of the participants were in the age group 21–30. Around
57.1% were students, and 28.6% of them are employees; 14.3% are either students
or employees related to fire and safety (Table 67.2).

Around 58%of the participants are not sure about the exact sound of the fire alarm.
When the fire alarm is activated, 61.9% candidates feel panicked. The survey reveals
that participants not associated with fire safety training lack basic understanding
about fire safety and its relevant aspects—which is a cause of concern. It was also
identified that these participants are also unaware of using fire extinguishers. The
insights gained form user research and the literature reviews were then converted
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Table 67.2 List of yes or no questions asked in the online questionnaire

Questions Yes (%) No (%)

Do you have any kind of previous fire safety training experience in your job
or institution?

60.3 39.7

Everyone should know do’s and don’ts in case of fire emergency 100 0

Everyone should be trained in fire prevention control 92.1 1.6

Do you know about fire triangle and its components? 34.9 65.1

Do you know about different types of fires? 46 54

Do you know about different types of fire extinguishers? 42.9 57.1

Do you know about “PASS” method of fire control? 22.8 22.2

Fig. 67.3 Scenario used for making fire extinguisher training

into information architecture andworking prototypes. Storyboarding technique, refer
Fig. 67.3, was adopted to envision how fire-extinguisher training module can be
presented as a part of an immersive user experience.

67.3.3 Basic Fire Safety Training Using Fire Extinguisher

Methodology given in (Fig. 67.4) shows how a prototype for Google cardboard has
been made for training non-firefighters in PASS protocol.
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Fig. 67.4 Methodology
used in making a working
prototype for fire
extinguisher training in
Google cardboard

67.4 Ideation

In ideation part, the PASS protocol for VR fire extinguisher training is laid out
stepwise (Fig. 67.5).

Fig. 67.5 Steps followed in
PASS. protocol
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67.4.1 Information Architecture

Insights from user research led to the formulation of information architecture for
basic training scenarios in case of using fire extinguishers, kitchen fire accidents, fire
evacuation using fire exits, and also how to react to different types of fire (Fig. 67.6).

Unity is the ultimate game development platform. Unity can be used to build high-
quality 3D and 2D games, deploy them across mobile, desktop, VR/AR, and console.
It is a cross-platform game engine. Which is primarily used to develop video games
and simulations for computers, consoles, and mobile devices. Objects and models
for the environment were made using Blender 2.80, SketchUp 2019. The interactive
prototype was made for Google cardboard. Gaze-based interaction has been used to
interact with different objects in the prototype since it does not need any extra gadget
than the mobile device (Fig. 67.7).

Fig. 67.6 Interaction map for VR training in fire extinguisher training
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Fig. 67.7 Prototype “PASS”
protocol for Google
cardboard

67.5 Discussion

From the study, it is understood that there is a research gap for training of non-
fire fighters in virtual reality in Indian context. Using low-cost VR headsets like
Google cardboard can be solution for making masses understand the basics of fire
safety training so that they can have clear understanding of different methods of fire
extinguishing. Since there are limited input devices in Google cardboard, alternative
input methods have to be used. Due to the COVID-19 lockdown situation of 2020,
no further usability test was conducted to show how VR helps in fire training more
than the existing training methods. Usability tests needs to be conducted in future so
that it could be proven with help of data whether using this as a training method in
Indian context is useful or not. By giving a voice interface and using commands to
guide can make the prototype immersive and more functional.
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67.6 Future Work

67.6.1 Fire Safety Training for HTC Vive

A virtual simulation for fire safety training in smoke chamber was developed using
unreal engine for HTC vive. The smoke behavior and simulation are made similar
to real-life scenarios. Smoke chamber is a common type of fire safety training given
to fire fighters (Figs. 67.8 and 67.9).

Using this prototype is not practical for training non-fighters since the gadget
needed for this is HTC vive. HTC vive is expensive and not easy to access in an
Indian context.

Fig. 67.8 Smoke chamber simulation for HTC vive

Fig. 67.9 VR environment and smoke behavior in smoke chamber simulation for HTC vive
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67.7 Conclusion

Fire safety education is important for both students and professionals. This study
shows how low-cost methods like Google cardboard can be used as a method of
training for non-fire fighters. Fire safety training can be further developed using VR
effectively and more immersive. For Indian masses under the current situation, these
types of training methods will be more time saving, and it gives better safety than
exposing to real fire environment.
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Chapter 68
Mobile Technologies for Ageing
Population with Dementia in Singapore

William Siew, Belinda Yuen, and Arlindo Silva

Abstract Prevailing literature has shown the relevance of information to caregiving
of persons with dementia. Using the case of the newly introduced Dementia Friends
app in Singapore, this research examines caregivers’ awareness of the availability
of information resources and support services and their perception of existing app
features, barriers to use and the information and support services that they most want
for their caregiving. The online survey findings of 69 respondents promote the need
for a systems approach towards supporting the households of persons with dementia.
Active support networks can support caregivers to cope with day-to-day demands,
and future app development needs to includemore stakeholder discussions to address
the complex needs of caregiving of persons with dementia and experiment solutions
that can connect them to doctors, experienced caregivers and friends when is needed.

68.1 Introduction

One in 10 persons aged 60 and above is estimated affected by dementia in Singapore
[12].More than 100,000 individuals (spouse, children, siblings, relatives and friends)
will become primary or secondary familial caregivers of persons with dementia.
Despite increasing provision of community networks and information resources to
support personswith dementia and caregivers, the effectiveness of support for persons
with dementia and their caregivers is generally between average and below average
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[3]. This research seeks to examine caregivers’ needs and barriers to accessing infor-
mation and support services throughmobile technologies, in particular, the Dementia
Friends app. Three research questions are addressed,

• What information and support services do family members most need in their
caring of persons with dementia?

• How did the Dementia Friends app help caregivers to manage their day-to-day
demands of care and other family/personal tasks of work and life?

• How can mobile technologies support the needs of caregiving?

68.2 Literature

Prevailing literature has shown the complexity of caregiving and the importance of
information resources to supporting families of personswith dementia [9].Awareness
of available information and support services appears lacking in Singapore even
though the accessibility of information is key in determining the effectiveness of
caregiving support services [5]. Information is central in self-management when
caring for persons with dementia [4], reducing society’s stigma towards dementia
[8], handling caregivers’ stress, burden of care, emotional support and psychosocial
needs [11], and improving the quality of life of caregivers and persons with dementia
[10].

Much has been written about the use of technologies to support caregiving, which
usage depends on the ‘ease of use, stability and flexibility of technology, impor-
tance of privacy, and confidentiality’ [5, 13]. Since 25 October 2018, Singapore has
launched the Dementia Friends app following the introduction of Dementia-Friendly
Singapore (DFSG) and dementia-friendly communities in 2016. Current statistics
have yet to show an active community of support and awareness of dementia for
caregivers of persons with dementia [3]. There is no local research on the barriers
to access informational resources and support services or the design of mobile solu-
tions for familial caregivers. Much of the existing research is focused on physical
care [7] and societal stigma towards dementia [8]. This research aims to address this
knowledge gap.

68.3 Methodology

In the midst of COVID-19, an online survey was conducted from 2 March 2020 to
10 May 2020 to ascertain caregivers’ adoption, perception and satisfaction with the
Dementia Friends app. The survey link was sent to caregivers on the Alzheimer’s
DiseaseAssociation (ADA)database andpostedon theDementia-FriendlySingapore
(DFSG)website and Facebook page. A convenience sample size of 300was proposed
but perhaps in view of the COVID-19 situation, only 69 respondents completed the
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survey; 49 respondents from ADA’s caregiver database and 20 respondents through
the DFSG website and Facebook page.

68.3.1 Method of Analysis

Survey data were analysed using R and Excel to study participants’ awareness,
usability and effectiveness of the app. The guiding framework for data analysis is
summarised in Fig. 68.1. Three main analysis were conducted by profiling the care-
givers to household typology and their characteristics, identifying their perceptions
and opinions of the Dementia Friends app, reasons for using or not using of the app
as well as understanding the ways that non-users seek informational resources and
social support and the barriers and opportunities to meet caregiving needs.

68.4 Findings

The sample is predominantly female (81%). While 57 of 69 respondents have
assessed themselves as digitally resourceful (83%), 20 respondents are app users
(29%), and 49 are not (71%). Excluding 4 professional caregivers, 18 of 65 respon-
dents are from single caregiver households (26%), and 47 are frommultiple caregiver
households (68%). The profile of the respondents is summarized in Fig. 68.2.

Know the app
Finding  
causations and 
correlations 

Why/ Why notUse/ Not use app

Presenting solutions 
- Uncover barriers/ needs
- Develop a systems approach

Profiling caregivers
- Caregiver typology
- Caregiver characteristics

Fig. 68.1 Method of analysis for survey findings

Are you digitally resourceful? Are you registered in the Dementia Friends app?

Not  
resourceful Resourceful

Female 12 44

Male 0 13

12 57

Not  
resourceful Resourceful

App user 3 17

Non-user 9 40

12 57

Fig. 68.2 Profile of respondents from the survey
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68.4.1 Delivery of Information and Support Services

To the question of whether they have heard about the Dementia Friends app, 40 of
them have not heard, and 32 are from multiple caregivers household. The number of
app user/non-users (i.e. registered/not registered in app) is shown in Fig. 68.3.

Usage of the Dementia Friends App
When asked about their usage of the app, 10 respondents indicated that they have
heard about the app but do not use the app. 19 have heard and use the app, and
one has not heard but uses the app. 7 of 10 who have heard but do not use are
retired/unemployed/homemaker (70%). Most of them prefer searching the Internet,
going to training programmes or seeking advice from organisations/institutions.

The two most frequently mentioned reasons for non-use of the app are: not aware
of the app and/or no time to explore app (Fig. 68.4). The majority, 29 of 38 of those
who said ‘not aware’ or ‘no time’, are digitally resourceful (76%), while 9 of 15 who
have ‘no time’ look to other caregivers of persons with dementia for advice (60%).

One-third (5 of 15) of those who have ‘no time’, said that they are not likely to
use the app. Half (8 of 15) of the non-users who have ‘no time’ are working full-
time/freelance. The remaining 7 respondents are homemakers/retired/unemployed,
and they use other means to seek help. 15 of 49 non-users who mentioned ‘no time’
also stated that app usagemay cause app fatigue, app information is repetitive, and/or
information can be searched on the Internet.

Have you heard of the Dementia Friends app?
Are you registered in the Dementia Friends app?

Single
caregiver
household

Multiple
caregivers
household

App user 5 12

Non-user 13 35

18 47

8
32

0%
25%
50%
75%

100%

Single Multiple

Not heard Heard

Fig. 68.3 Using/not using the Dementia Friends app

Why do you not use the Dementia Friends app?

1
11

15
25

Insufficient information
No reason at all

No time to explore app
Not aware of the app

Fig. 68.4 Reasons for not using the Dementia Friends app
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Figure 68.5 indicates that non-users would seek advice from doctors/nurses (76%)
while app users would go to other caregivers of persons with dementia for advice
(80%). This lends support to the importance of social networks in the management
of care by caregivers of persons with dementia [14].

When looking into the profile of the caregivers (Fig. 68.6), singles are observed to
more likely approach other caregivers of persons with dementia and colleagues for
advice (41%) when compared to married respondents (25%). Married respondents
are more likely to approach their family and relatives (25%) than singles (13%).

Among app users, almost half of them have not used the Dementia Friends app for
more than a month (45%). When asked why, 9 of them mentioned insufficient infor-
mation, and they would look to other platforms (e.g., the Internet and social media).
SOS contacts, bite-sized videos (instead of informational notes) and coping strategies
(e.g., exercise tips, cognitive activities and community activities) are their ideas for
improvement. Generally, app users use the app to gain knowledge and resources, give
support to others, find immediate help and receive updates on news/events (Fig. 68.7).

Awareness of Dementia-Friendly Communities
Even though dementia-friendly communities are being developed, 56 of 69 total
respondents (81%) are not aware of the existence of dementia-friendly communi-
ties even when 16 of them (23%) are residing within these districts. This suggests
an opportunity to re-examine the information and communication practice as more
dementia-friendly communities are planned.

Who do you seek help and advice from on caregiving for persons with dementia?

1

0

6

5

6

16

14

3

9

7

19

21

28

37

Non-PWD caregivers

Relatives

Colleagues

Family

Friends

PWD caregivers

Doctors/ nurses

Non-user App user

Fig. 68.5 People whom non-users/users of the app seek advice on caregiving
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Who do you seek help and advice from on caregiving for persons with dementia?

0

0

0

2

1

3

3

2

7

3

13

12

17

26

2

2

10

9

14

24

22

Non-PWD caregivers

Relatives

Colleagues

Family

Friends

PWD caregivers

Doctors/ nurses

Single Married Others

Fig. 68.6 People whom single/married respondents seek advice on caregiving

Why do you use the Dementia Friends app?

5
6

8
12

Receive updates on news/ events
Find immediate help

Give support to others
Gain knowledge and resources

Fig. 68.7 Reasons for using the Dementia Friends app

68.4.2 Management of Care Using the Dementia Friends App

To assess user perception, app users were asked about the top features they have used
and their ratings of the app. Figure 68.8 shows that ‘Knowing dementia’ and ‘Finding
my loved one’ are most useful as chosen by respondents from a given option list of
13 features.

Respondents used the appmainly for information resources, guides and tips. Only
55% of app users agreed or strongly agreed that the app information is sufficient/the
app meets their needs, indicating an opportunity for improvement (Fig. 68.9).

Figure 68.10 reinforces the findings from Figs. 68.8 and 68.9 that community
support and digital resources are helpful. However, their dislikes indicate that the
app is lacking features such as geo-tagging of nearest dementia go-to points, care-
giver forums, bite-sized videos, and other languages. These present opportunities to
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What are the three most useful features of the app?

2
2

3
3
3

4
4

5
6

7
8

9
9

Financial schemes
Signs and symptoms

Newsfeed latest events
Upcoming events

Wandering behaviour
Common questions

Guide to caring PWD
List of services

Communication with PWD
Lending a helping hand

Dementia go-to point
Finding my loved one

Knowing dementia

Fig. 68.8 Most useful features of the Dementia Friends app

Fig. 68.9 Ratings of users on Dementia Friends app

What do you like/ dislike about the app? (Grouped by similar themes)
Likes Dislikes

Communal support to find PWD (9)
Resources, news and events (8)

User-friendliness/ easy to use (4)

Lacking features (5)
User interface not intuitive (3)
Content is shallow/ stale (2)

Fig. 68.10 Users’ likes and dislikes about Dementia Friends app

provide more useful features as 40 of 49 of non-users are digitally resourceful (80%),
and 28 of 40 are households with multiple caregivers (70%).
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68.4.3 Mobile Technologies for Social Support and Digital
Networks

When asked for suggestions to better support their caregiving, respondents identified
various needs and technology development opportunities (Fig. 68.11).

68.5 Discussion/Recommendation

Uncovering the expectations and needs of caregivers could help improve mobile-
based solutions for implementation [6]. As caregivers needs and challenges are
complex and multifaceted, suggestions by the participants presented various ways to
look at their needs and challenges as different part of the whole system to solve them.
Hence, this paper proposes a systems approach through the online survey findings
[2].

What type of information and support services do you look for/ wish to see in  
a mobile app to better support your caregiving journey for persons with dementia?  

Are there any other features you wish to see in the app? 

Theme Identified needs  

Virtual assistant/ chat-
bot 

Online forums/ chat groups/ support groups/ speakers to seek advice. 

Help from volunteer organisations for managing stress and demands. 

Digital information/ 
resources 

Medical information and knowledge on different stages of dementia.  

Tips to deal with behavioural issues, self-care and coping strategies. 

Digital journal/  
self-help tools for 
caregivers 

Live chat with doctors, volunteers or counsellors after office hours. 

Get referrals or search for service providers by location. 

Online booking of services, e.g., respite care. 

Digital activities and 
online learning 

Online activities/ videos/ games other than informational guides. 

Courses for familial/ professional caregivers and domestic helpers. 

E-application for fi-
nancial support 

Easy application process for financial assistance/ subsidy. 

Voice recognition for easy authentication, transaction and use. 

Other language selections for the app. 

Assistive technology 
and bots for caregivers 
and PWD 

Accompaniment and reminder sensors to help with daily routines. 

Pain and behavioural management, SOS contact to seek immediate 
support, e.g., emergency cases, mobility issues, etc. 

Assessment tools, modified items, e.g., appliances, etc. 

Fig. 68.11 Themes for future work
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Single caregiver
household

Multiple caregivers  
household

Digitally  
resourceful

1. Awareness of Dementia 
Friends app

2. Use of mobile app for 
caregiving support

Not digitally 
resourceful

3. Social support via 
digital networks

4. Awareness of dementia-
friendly community

Fig. 68.12 Typology of familial caregivers to address needs

68.5.1 A Systems Approach

The study revealed that barriers to access for non-users of the Dementia Friends app
were due to low awareness (51%) and no time to explore the app (31%). Yet, 80% of
thosewhodonot use the app are digitally resourceful, andmost of themexpressed that
they are unlikely to download and use a mobile app unless it solves their direct needs.
The survey responses further suggest that caregivers are experiencing information
overload and app fatigue. They point to some of the gaps between provision and
usage, and the dissemination of relevant information to meet caregivers’ needs.

It is important to recognise that the caregivers are not a homogenous group.
Resources should also be directed towards identifying and matching the func-
tions/features that fit caregivers’ needs, such as connecting them to experienced
caregivers at different stages of their caregiving journey. Caregiver profiling plays a
significant part in enriching the caregiving journey and can be a game changer if done
right [1]. A systems approach is recommended to uncover possible enhancements
to the existing app as well as the gaps in the current caregiving system architecture,
policies and procedures to bring forth practical implementations that enable users
to have the specific information and support services that they need at any point in
time.

Learning from our findings, caregivers could be divided into single caregiver and
multiple caregivers households and according to their digital resourcefulness before
identifying the logical approach for each household types (Fig. 68.12).

68.5.2 Streamline-Enhance-Add-Test (SEAT) Matrix

A further tool to improve the degree of fit between technology and needs is to apply
the SEAT decision matrix (Fig. 68.13). This matrix seeks to clarify the plausible
recommendations to streamline, enhance, add and test using mobile technologies in
meeting the needs of caregivers identified in Sect. 68.4.3.
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Does not exist* Exist 

High Need Add Enhance 

Low Need Test Streamline

• Streamline: E-application for financial support

• Enhance: Digital information/ resources, Digital activities and online learning. 

• Add: Digital journal/ self-help tools for caregivers, Virtual assistant/ chatbot. 

• Test: Assistive technology and bots for caregivers and PWD.

Fig. 68.13 Mapping the needs analysis of caregivers using SEAT matrix

68.6 Limitations

There might be a significant proportion of caregivers who are not users of the
Dementia Friends app and are not captured in an online survey. By its nature, online
survey excludes those who are not technologically inclined. As the views of non-
users are important to understanding the barriers to technology access and adoption,
future efforts could expand the research design and methodology to reach this group
of participants. In the present study, due to COVID-19 movement restriction, it is not
possible to conduct methods other than the online survey. Future research can involve
different profile groups of caregivers and in-depth analysis to their psychological and
social needs.

68.7 Conclusion

This paper examined the usability of mobile-based technologies using the case of
the Dementia Friends app, in particular, whether it can meet the demands and needs
of caregiving of persons with dementia at different stages of a caregiver’s journey.
It is the first research that investigated the awareness, use and effectiveness of the
Dementia Friends app for caregivers in Singapore. The findings revealed that more
than half of the 69 online survey respondents mentioned that they have not heard of
the mobile app even though most of them are generally digitally resourceful. The
low public awareness of the Dementia Friends app, dementia-friendly community
and dementia-friendly Singapore suggests that a review of the communication of
community support nationwide is needed. More stakeholder discussions could be
convened to determine the actual needs, demands and challenges of app usage. Since
caregivers’ needs are different, a systems approach to using mobile technologies,
where solutions are mapped to caregiving needs in the SEAT matrix could offer
a useful development framework. Aligning app functions with user needs would
strengthen design congruence and better help families and caregivers when they
encounter any difficulties during the caregiving journey. The findings reinforced
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the presence of help-seeking behaviour; caregivers would often seek advice from
doctors, experienced caregivers and friends during timeswhen they need information
for care management, and more studies are required to assess the effectiveness of
social intervention using mobile technologies for caregiving.
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Chapter 69
Design for Immersive Experience: Role
of Spatial Audio in Extended Reality
Applications

Ganesh Kailas and Nachiketa Tiwari

Abstract The incredible growth of extended reality (XR) applications will be
leading us to a world beyond our imaginations in the coming decades. Extended
reality is an umbrella term that encompasses different categories of immersive tech-
nologies like virtual reality (VR), augmented reality (AR), and mixed reality (MR).
From the traditional applications like entertainment and training, XR has been
spreading its wings into a large number of applications in health care, aerospace,
product design and prototyping, e-commerce, workspace productivity, architecture,
and building industries. Immersibility of the virtual reality scene into the physical
world will be crucial for its acceptance by mainstream industries and future develop-
ment. In addition to the virtual scene’s visual perception, spatial audio is a key feature
in designing truly immersiveXR.Hearing is the fastest sense of humans,whichmakes
virtual auditory display (VAD) an ineluctable part of anyXRapplication. In thiswork,
the importance of three-dimensional spatial audio in XR applications is explored
in the user perspective approach. User experience (UX) is improved to a large
extent when the applications make use of spatial audio compared to direction-less
hearing experience. Spatial sound has a crucial role in giving information regarding
actions in the background and beyond the field of view (FOV), and thus in making
proper three-dimensional realism. However, designing user-dependent virtual audio
reality is challenging because of its parametric dependence on human anthropo-
metric features. This work also suggests the possibilities of utilizing computer-aided
designing (CAD) and computer-aided engineering (CAE) tools in producing person-
alized virtual audio reality. While the immersive extended reality experience evolves
as the next frontier in user experience designing, a sophisticated 3D audio experience
will be there at the heart of it.
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69.1 Introduction

Interaction with sounds is an essential part of our daily life. The sense of sound elicits
the fastest response in humans. But when it comes to user experience designing, typi-
cally, the visual counterpart dominates entirely, and the aural ingredient is often over-
looked. However, the auditory experience can be just as relevant and informative to
users as visuals are, depending on the products under consideration. Brilliant imple-
mentationof audio canprovide userswith a complete experiencebeyondvisual allure.
During the second half of the last decade, an immense surge in affordable extended
reality (XR) products [1–3], personal assistant tools, navigation tools, and Internet of
things (IoT) devices has led toward amelioration of designs and recognizing sound
as an essential design component [4–6].

Encompassing virtual, augmented, and mixed reality, XR has been exploring all
its possibilities in domains like health sector, entertainment, e-commerce, tourism,
aerospace, product design and prototyping, workspace productivity, architecture,
and building industries [7–17]. During the unprecedented pandemic situation of
COVID-19, there is an increased global demand for XR technologies in many fields.
Spatial audio can give an extra edge to these immersible technologies. In spatial
audio, sounds can be convincingly placed in 3D space around the user in a virtual
environment (VE). The effective user experience of XR is going to be the defining
factor in these applications.

For satisfactory experience, products must engage the users. Designing interfaces
and products with good auditory experience has started gaining attention recently.
About the visual experience of XR, some functional studies have established the
design parameters of virtual reality graphical UI [18, 19]. Another work [20] has
developed design heuristics for dynamic VR interaction. A recent work [21] has
established specific UX guidelines for head-mounted devices (HMD) XR applica-
tions. However, studies focusing on audio experiences in XR are absent. In this work,
we have conducted a user perspective study on spatial audio experience in 105 users
using questionnaires and feedback.

69.2 Spatial Audio in XR

Spatial audio in extended reality applications is the sound with direction and distance
information in three dimensions throughheadphones. This category of spatial audio is
called perceptually driven spatial audio. This is produced mainly using twomethods:
(1) Binaural recording and (2) Head-related transfer function (HRTF)-based repro-
duction. The binaural recording uses a dummy manikin with microphones in its two
ears to produce spatial audio. HRTF is a function which gives information about how
the human torso changes the sounds impinging on it before reaching the ear canal. It
basically encodes different anthropometric sound localization cues such as interaural
time difference, interaural level differences and spectral cues into a single entity. In
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HRTF-basedmethods, typically, audio is recorded and synthesized usingHRTF func-
tions. HRTF is an individualized function and requires a high experimental cost to
generate. HRTF measured for a particular user with unique anthropometric features
is called individualized HRTF. HRTF measured for dummy models or a generic user
is called non-individualized HRTF. In most applications, non-individualized HRTFs
are used to reduce the cost by trading off accuracy. Localization cues in the HRTF
are mixed with directionless audio to produce spatial audio.

Immersion in XR is howmuchwe feel “real” in a virtual environment. In XR envi-
ronment, simulated directional audio can draw users’ attention to different directions
and allows users to immerse themselves in space. A constructively designed audio
can provide depth and emotions to the whole virtual experience.

69.3 A Study on User Experience of Spatial Audio

According to ISO 9241-210 (2009), user experience is “person’s perception and
responses resulting from the use and/or anticipated use of a system, product or a
service”. There is a dearth of heuristics to analyze XR’s user experience, especially
for the auditory experience. One of the holistic UX definitions says “User eXperience
is a consequence of a user’s internal state, the characteristics of the designed system
and the context (or the environment) within which the interaction occurs” [22].
Structured user experience frameworks are essential for immersive technologies to
develop it for better user acceptance.

Importance of Presence and Flow in immersive environments was explored in
different studies [23, 24]. A combined empirical model to measure different scales
affecting immersive interfaces has been developed recently [25, 26]. In theseworks, a
unified questionnaire to measure the UX in immersive virtual environments has been
proposed with reliable consistency. In our study, we have adapted this questionnaire
and concentrated only on the subscales affected by auditory cues. Presence, engage-
ment, immersion, flow, and emotion have been taken as the five subscales. These
subscales as listed in Table 69.1 are not independent and are interrelated. Emotion
influences flow, and engagement and immersion affect presence. Flow and presence

Table 69.1 Subscales and definitions [26]

Subscales Definition

Presence “Sense of being in virtual environment”

Engagement “Energy in action, connection between the user and its behavioral, emotional
and cognitive actions”

Immersion “Illusion” that “the virtual environment technology replaces the user’s sensory
stimuli by the virtual sensory stimuli”

Flow “A pleasant psychological state of sense of control, fun and joy”

Emotion Feelings of the user in the VE
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Fig. 69.1 UX scales of
spatial audio

are also inter-related. The subscales can measure three components of the UX [22],
as shown in Fig. 69.1.

We conducted the study to explore the user experience of spatial audio. Our
research questions are (1) Do spatial audio possess a better UX compared to stereo?
(2) What is the role of auditory cues in identifying direction? (3) What is the UX of
spatial audio if it is considered as a holistic product? In this work, subjective methods
(questionnaires and feedbacks) are followed to analyze the UX of spatial audio. The
study contains mainly four parts to explore the research questions: (1) Comparison
of XR experience with spatial audio and stereo, (2) Comparison of spatial awareness
using visual and auditory cues, (3) UX of 360° audio interaction, and (4) Overall UX
experience of spatial audio.

All four subjective experiments have been conducted with 105 participants (76
males and 29 females) in the age group of 16–73 years. The average age of the
participants was 30.7, with a standard deviation of 9.8. Less than two percent of
the participants used hearing aids or underwent any sort of hearing-related surgeries.
Everyone used headphones with satisfactory performance characteristics. Feedbacks
are also collected as comments to understand the individual perception of technology.

69.3.1 Comparison of XR Experience with Spatial Audio
and Stereo

To identify the importance of spatial audio in UX of extended reality, user expe-
rience studies are conducted with two music audios without visuals; one is stereo,
and the other is 360° spatial audio. Participants listened to the music audios using
earphones. Both audios had an equal duration of two minutes. The updated ques-
tionnaire (Appendix) is used to assess the user experience and get feedback from
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Fig. 69.2 Comparison of UX in VE with 360° spatial audio and normal stereo

the users. A 10-point Likert scale has been used for the evaluation. Participants have
filled up the questionnaire after listening to each audio.

Results are obtained for all the five scales for both the stereo and spatial audios.
The comparison is shown in Fig. 69.2.

It is clearly visible that all the subscales delivered an improved performance
with spatial audio compared to the one with stereo. Participants were able to iden-
tify the sound sources around the space, which increased the engagement factor.
Immersibility, emotion, and flow factors were also increased due to the active
involvement through directional audio. All these make spatial audio as a necessary
constituent of extended reality applications. Extended reality without enough delib-
eration on the auditory virtual environment may undergo an unavoidable reduction
in its immersibility.

69.3.2 Comparison of Spatial Awareness Using Visual
and Auditory Cues

A short video with a visual target moving around in different directions on a game
screen with corresponding audio cues (standard stereo and spatial audio) was shown
to the participants. Participants were asked about: (1) The helpful cue to find the
target-audio or video, (2) Directions where spatial audio was more helpful than
stereo, and (3) Directions where both stereo and spatial audio were similar. The
sample game screen is shown in Fig. 69.3.

As shown in Fig. 69.4, the audio was the primary directional cue of 46% of the
subjects. Visual cues were used by 36%, and 18% of the subjects used both. This
indicates that the users experience exceptional spatial awareness with the directional
audio even more than the visual counterpart.

When it comes to the directions in which directional audio helped identify, there
is a significant variance in opinions. Technically, generalized HRTF is an important
reason for this, and individualized HRTF can make spatial audio better for each user.
Adaptation of faster methods to acquire individual HRTF may solve these problems
to a great extent.
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Fig. 69.3 Game screen sample

Fig. 69.4 Comparison
between visual and auditory
cues in identifying source

69.3.3 UX of 360° Audio Interaction

All the participants were made to listen to one interaction audio by John Tucker [27],
and their user experiences in an artificial environment were examined. The same
questionnaire (Appendix) was used to measure the experience. The user experience
subscales are shown in Fig. 69.5. The virtual experience was rated high by partic-
ipants. This study endorses the importance of directional audio cues to elevate the
XR experience.

Fig. 69.5 UX subscales for interactive audio



69 Design for Immersive Experience: Role of Spatial Audio … 859

Fig. 69.6 UX performance of spatial audio using S-UEQ

69.3.4 Overall UX of Spatial Audio

Short user experience questionnaire (S-UEQ) [28] is a widely used tool to measure
UX. The questionnaire has been adopted here to rate the overall experience of the
technology, i.e., spatial audio. S-UEQ allows users to express their experiences of
a product or technology through feelings, impressions, and attitudes. A 7-point
Likert scale is used in this questionnaire. Two meta-dimensions, viz., pragmatic
and hedonic qualities, are measured in S-UEQ. Figure 69.6 shows the overall spatial
audio experience, and it appears to be excellent by the S-UEQ benchmarks.

69.4 Discussion

From the above subjective studies, it is very evident that spatial audio added new and
more attractive dimensions to the user experience. Positive and negative comments
about the experience of spatial audio have been documented. Positive comments from
theparticipants collectively described the better user immersion and involvement they
felt listening to spatial audio. Some participants felt motion sickness during some
part of the audio, and others felt overuse of the directional audio compared to realistic
situations. Two of the participants felt that most of the sounds were heard inside the
head. These inputs can provide better insights to UX designers while designing audio
in VE.

Technology advancements have also been climbing steps to improve pragmatic
quality. These insights can be classified into two: (1) Improvement of technology
and (2) Better audio designing.

69.4.1 Insights for Improvements in Technology

Spatial audio is still not a full-fledged technology. As discussed earlier, when it
comes to accurate identification of sound sources, generalized HRTF-based spatial



860 G. Kailas and N. Tiwari

Fig. 69.7 Technical process for generating faster personalized spatial audio

audio has its limitations. HRTF is a personalized function, and it changes with
anthropometric features. This difference in HRTF can be a reason for “inside-head”
listening experienced by some participants. Experimental measurement of HRTF
is tedious and costly. With the recent advancement of computer-aided designing
(CAD) and photogrammetric tools, users’ head and torso models can be generated
quickly. Biomechanical properties can be applied to replicate the acoustical behavior
of the human skin and body. Environment modeling is also necessary to incorpo-
rate different room acoustic properties. Using simulation methods like finite element
analysis (FEA), it is easier to find an acoustic solution for the problem and obtain
HRTF for the whole space around the user. The process flow is shown in Fig. 69.7.
Individualized HRTFs effortlessly make spatial audio very accurate, and it will be a
game-changer in the XR domain.

Consider an application like space exploration for blind people [29]. Our design
process will first capture their anthropometric features using photos from different
angles, and a 3Dmodel of the user’s head can be developedwith acoustical properties.
FEA can be performed to find the HRTF. This process flow can be employed very fast
to develop an individualized HRTF, especially by using cloud services to perform
FEA [30]. The HRTF can be utilized to render spatial audio and may be used in
mobile applications to give spatial knowledge about different events.

69.4.2 Insights for a Better Spatial Audio Design

Sound experience design in computer interaction tools is mostly underrated. The
awful audio designing at the starting of the Internet and computer animation eras
also take partial blame. There was an overuse of sounds [31], and muted speakers
became very common. We know that user experience is a very subjective measure,
but many participants have expressed common reactions. UX designers may keep
these in mind while designing audio experiences.

(a) Overuse of spatial audio: Overuse of design elements must be avoided as a
general design rule. Similarly, spatial audio can also be considered as a design
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element. Users prefer simple and effective use of spatial audio. Style guides can
be developed in audio UX similar to visual UX. Consistency and cohesiveness
of the audio UX are critical.

(b) Environment design: Our natural world is not silent. Ambient noise is always
there, and the absence of careful designing of the environment reduces
immersibility. Some participants felt discomfort with total silence. Rever-
beration should also be considered, which is an essential cue for human
hearing.

(c) Speed of movements: When sound moved way faster around the head, it was
uncomfortable for many participants. In real life, sound rotating around the
head is a rare scenario, and our virtual environment should stay close to natural
audio. Motion sickness was also experienced for some subjects during the
experiment. Designers must pay attention to these details while creating an
environment.

(d) Quality of closer sounds: When sounds came very close to the user, most of
them preferred high-quality rendering.

The above points have been derived from subjective opinion, which depended
on many individual interests. Still, audio experience designers can make use of
these insights while designing spatial audio and enrich the immersibility of XR
environments.

69.5 Conclusion

Extended reality is going through a fascinating swell of interest from every corner.
In this work, the essential role of spatial audio in immersive XR is identified, and
some insights into strengthening the technology and UX are presented. As the world
moves more toward remote and virtual applications, spatial audio can provide the
qualities which XR applications require to surge in a promising direction.

Appendix: Questionnaire of Audio Experience in XR

The questionnaire has been adapted from ref [25, 26].

Items Subscales

The sense of moving around inside the virtual environment was
compelling

Engagement, emotion

I was involved in the virtual environment experience Engagement

I correctly identified sounds produced by the virtual environment Presence

(continued)
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(continued)

Items Subscales

I correctly localized (identified location) sounds produced by the virtual
environment

Presence

I felt stimulated by the virtual environment Immersion

I became so involved in the virtual environment that I was not aware of
things happening around me

Immersion

I got scared/disturbed by something happening in the hearing
environment

Immersion, emotion

I became so involved in the virtual environment that I lost all track of
time

Immersion, flow

I felt I was experiencing an exciting moment Flow, emotion

This experience was giving me a great sense of well-being Flow

I enjoyed being in this virtual environment Emotion

It was so exciting that I could stay in the virtual environment for hours Emotion

The audio bored me to death Emotion
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Chapter 70
An Augmented Reality Application
to Teach Human Anatomy to Secondary
School Students

Arkoprobho Debnath, Utkarsh Pathak, and Pankaj Badoni

Abstract Students start learning about human anatomy starting from standard VI
(i.e., between ages 10–15 years) and gain a basic idea about all of the important
organs and their functions. However, a quick survey reveals that students find it
difficult to visualize how human organs look from inside and outside. They also
lack an understanding of the basic functions of these organs. Further, as most of the
instructional medium is based on a two-dimensional static paper-based medium, it
lacks the look and feel of actual organs.To tackle this problemaugmented reality (AR)
technology was utilized. AR is an interactive experience of a real-world environment
that is enhanced by computer-generated perceptual information, sometimes across
multiple sensory modalities. AR is an easy and feasible solution through which we
can see and understand objects which cannot be seen in the real world. The proposed
interactive AR application helps students learn about human anatomy in detail. The
application gives the users the option to view six different organs of the human
body along with their internal parts in real time. Information about each organ and
its classified parts is also provided by the application. The application helps the
students to learn and visualize the human organs properly. This paper presents a
qualitative analysis study of the application which can help the students as a learning
aid.
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70.1 Introduction

The utilization of augmented reality (AR) in training is a significant subject of
exploration. AR empowers the expansion of virtual items into genuine conditions
to encourage constant association. The utilization of AR has gotten increasingly
open as it no longer requires particular hardware and may effortlessly be utilized
on cell phones. The vast majority presently own cell phones, and the utilization of
these gadgets has expanded, in this manner empowering more prominent access to
AR. The applications for portable AR in instruction are expanding quickly, and the
possibility of versatile AR has expanded because of advances in portable innova-
tion. AR portable applications are accessible for a few regions of instruction, and
training-related AR applications are currently more regularly found on cell phones.

School is the primary stage where students learn science. Even now, with all the
advances in instructive advances, the educating and learning forms in schools are
as yet dependent on regular techniques. Although science course books are given
in schools, beneficial learning materials are as yet required because some powerful
ideas are hard to clarify in the conventional strategy for instructing. In this manner,
a propelled learning material with innovation is required. Currently, teachers use
the feature of videos and some applications which help the students understand the
concepts. But, some concepts like human anatomy and chemistry can still not be
understood properly by the students due to the lack of visualization of the organs.

Augmented reality is an innovation that canhelp in the viable learningprocess. The
accompanying paper will talk about an ARApplication which can assist the teachers
and students with teaching and learning human anatomy all the more viably.

70.2 Literature Survey

70.2.1 Augmented Reality

AR combines real and virtual worlds, supplementing the real world with computer-
generated virtual objects in real time [1, 2]. According to one of the most commonly
accepted definitions, AR is said to be a technology that has three key requirements:
combining real and virtual objects in a real environment, aligning real and virtual
objects with each other, and real-time interaction [3]. Figure 70.1 shows Milgram’s

Fig. 70.1 Milgram’s mixed reality continuum
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mixed reality continuum which is a taxonomy of how real and virtual elements may
be combined. AR lies closer to the real environment end of the continuum as can be
seen in Fig. 70.1 [4].

In the case of mobile AR, technology involves the addition of digital elements to
the real world through a smartphone camera. Examples of mobile AR applications
include Pokemon GO, which is a location-based mobile AR game that enables users
to catch various digital Pokemon creatures around their area.

70.2.2 SDK for Augmented Reality

VuforiaSDKis anARsoftware development kit formobile devices launchedbyQual-
comm. It utilizes computer vision technology to recognize and capture planar images
or 3D objects in real time and permits developers to place virtual objects through the
viewfinder of the camera and adjusting the position of objects in the background of
the camera. Vuforia SDK supports types of 2D and 3D objects including multiple
target configurations, images with fewer symbols, and frame tags. There is an added
function in the SDK. It takes advantage of virtual buttons to detect localized occlu-
sion. Moreover, it can select and reconfigure the target image in real time and create
a target set according to the scheme [10, 11] (Fig. 70.2).

Fig. 70.2 Workflow for Vuforia
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70.2.3 Augmented Reality in Education

Since its introduction, augmented reality (AR) has been shown to have good poten-
tial in making the learning process more active, effective, and meaningful. This
is because its advanced technology enables users to interact with virtual and real-
time applications and brings natural experiences to the user. Also, the merging of
AR with education has recently attracted research attention because of its ability to
allow students to be immersed in real experiences [5].

The educational value of AR is closely linked to how it is designed, implemented,
and integrated into formal and informal learning environments. An important consid-
eration is howAR technologies support and afford meaningful learning. Considering
AR as a concept rather than a certain type of technology would be productive for
educators [4]. The involvement of educators is important to facilitate the develop-
ment of favorable AR applications for teaching, which increases the potential for AR
to be incorporated in education [6]. AR applications have been developed in many
areas of education.

70.2.4 AR in Healthcare Education

The effective development of healthcare competencies poses great educational chal-
lenges. A possible approach to provide learning opportunities is the use of augmented
reality (AR) where virtual learning experiences can be embedded in a real phys-
ical context [7]. This study showed that AR was applied to a wide range of topics
in healthcare education. Furthermore, acceptance for AR as a learning technology
was reported among the learners and its potential for improving different types of
competencies. AR provides opportunities for more authentic learning and appeals
to multiple learning styles, providing students with a more personalized and explo-
rative learning experience. It is believed ARwill only becomemore ubiquitous in the
future medicine [8]. But despite all of this, the number of applications for healthcare
to teach students is quite limited.

70.2.5 Speech Recognition in Augmented Reality

Automatic speech recognition has been brought into normal life recently by services
like Apple’s Siri or Google Now. People are more accustomed to speaking into
their phone or computer, and they have come to expect accurate results from such
encounters [12].

Application development that combines AR technology and speech recognition is
expected to improve the productive vocabularymethod as it reinforces the connection
between visual scripts (orthography) and audio (phonology) in the reading words.
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A combination of speech recognition and AR can improve productive vocabulary
methods through AR-based applications [14].

Today, implementing a speech recognition service is fairly straight forward
through the use of softwareAPIs such asMicrosoft’s .NETspeech recognition library.
Such a library provides many data structures, such as Grammars, that allow devel-
opers to define words of interest, accuracies, and strings of words that should be
recognized. The use of speech recognition software for an input module for this
project was a clear requirement from the beginning [13].

70.2.6 System Usability Scale (SUS)

The System Usability Scale (SUS) was used to gauge the response of the test users
after using the Human Anatomy application. Based on the SUS, scale changes were
made to the application.

The SUS survey included requests for demographic information from users: their
name, their company, their job role, the software being evaluated, the software
version, date of the user’s evaluation, duration of the evaluation, and the user’s
experience using the software. The survey then provided the following ten stan-
dard statements with five response options (Five-point Likert scale with anchors for
strongly agree and strongly disagree) [15]:

1. I think that I would like to use this system frequently.
2. I found the system unnecessarily complex.
3. I thought the system was easy to use.
4. I think that I would need the support of a technical person to be able to use

this system.
5. I found the various functions in this system were well integrated.
6. I thought there was too much inconsistency in this system.
7. I would imagine that most people would learn to use this system very quickly.
8. I found the system very cumbersome to use.
9. I felt very confident using the system.
10. I needed to learn a lot of things before I could get going with this system.

There are several potential benefits of incorporating the System Usability Scale
into the library Web site and system usability testing. The SUS has been in use for
approximately 30 years and is a reliable, tested tool for evaluating a wide range
of products and systems. The data it provides has a variety of uses. It can be used
as a benchmark to measure how changes to a system or product are received by
users. Or, it can be used to quantify user reaction to two alternatives, such as two
different versions of the same Web page or two different user interfaces, so that they
can be compared for decision-making purposes. When used in conjunction with data
gathered fromother sources, such as usability testing, it can be a helpful supplemental
tool for researchers who need to collect a source of big picture quantitative data that
can be easily communicated to library administration and stakeholders [16].
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70.3 Related Augmented Reality Applications

Today’s technological advancement has led to various reforms in teaching and
learning systems in the classroom. The tendency for children to use smartphones
has motivated researchers to study the advantages of using smartphones in children.
Nowadays, AR technology in the teaching and learning environment has attracted
the interest of the community as it can attract children’s attention in learning envi-
ronments. There are several recent AR applications in the educational field to see
the effects and benefits to the students (Table 70.1). The use of AR applications
is believed to be of interest to students to replace conventional and static learning
environments with a more edutainment environment.

In today’s life, technologies are very important andARhas becomeone of themost
emerging technologies and started to gain attention among society. AR’s ultimate
goal is to provide better management and to access information wherever and when-
ever using a combination of interactive real-world and computer-generated world or
virtual world in a coherent space. AR is a new technology that has the potential to

Table 70.1 Current augmented reality applications

AR application Domains/uses of AR Features of application

AR Solar System (1) Solar system visualized in AR
(2) Different planets, sun and asteroid

belt can be visualized in detail

(1) Information on every planet given
in great detail

(2) Marker-based application

360ed’s Element AR (1) AR Technology for visualizing
atomic elements

(2) Periodic table is shown in 3D
according to various options like
ionization energy, atomic number,
electronegativity, etc

(1) FlashCards used as markers for
every element

(2) A quiz can be taken according to
the information learned in the
application

Animal 4D+ (1) Animals are visualized in AR
(2) Each animal produce their

respective sound

(1) Information on every animal is
provided

(2) Flashcards of each animal are used
as markers for augmenting animal

AR Tattoo (1) Artworks and tattoos visualized
using AR

(1) User-made simple markers on their
body to display AR Tattoo

(2) Custom made tattoo made by the
user can also be displayed

AR Human anatomy (1) Organs visualized in AR (1) Showcases only model of the organ
(2) Single marker-based application

Asthi AR - Human Anatomy in
Augmented Reality

(1) The entire human body along with
organs can be visualized in AR

(1) No information about the organ is
given

(2) Markerless application with no
stability

AR Anatomy 4D+ (1) Anatomy atlas with AR elements (1) Multiple markers for the entire
application

(2) All organs of the human body can
be augmented

(3) Interactivity present but no
information provided
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be used in today’s world of education and it has become more widespread and prac-
tical. Researchers have found that “AR-based education media could be a valuable
and attractive additional material to education in the classroom and overcome some
of the limitations of text-based methods, allowing students to absorb the material
according to their preferred learning style.” AR can also be used to improve tradi-
tional and static learning content in the classroom. This will appeal to children with
additional media content such as audio, video, graphics, 3D objects, and more.

Some of the well-known AR applications and their features are listed below.

70.4 Methodology

The causal research-based approach was used before making the prototype to under-
stand the needs of both the students and teachers. A basic set of questionnaires
was prepared for both the teachers and students differently. The target participants
were students studying in secondary classes (from classes VI to X). Teachers who
participated in the research were the teachers who taught biology to secondary
classes.

Teachers and students were divided into different groups. Both the groups were
given a defined set of questionnaires and were also asked to fill the System Usability
Scale (SUS) questionnaire after using the application. A pre-usage and post-usage
questionnaires were used as instruments for data collection. The questionnaires were
in the form of a five-point Likert scale along with the System Usability Scale.

Questions related to the pre-usage questionnaire for the students were related to
the difficulties they face during classes while studying the human body and how
they generally overcome them. They were asked about the effectiveness of notes,
textbooks, and the slides they use while studying. Also, they were asked about any
specific organ which they felt that they were not able to understand during their
lectures or were not able to visualize them properly.

Questions related to the pre-usage questionnaire for the teachers were related to
the difficulties they faced while teaching about human anatomy to the students while
in lectures. They were asked about which all means of communication they use while
teaching the students and what all problems the students face while learning them.
The teachers were also asked whether any particular organ they face difficulty to
make the student visualize them better.

Questions related to the post-usage questionnaire were related to how the applica-
tion is working and what all difficulties they face while working with the application
and whether the application is effective or not for the students. For this, the system
usability scale (SUS) was used along with an open-ended Google form to gauge the
effectiveness and learn the reviews of the application.
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70.5 Prototype

The prototype (Human Anatomy) ARApplication was developed in Unity and using
Vuforia SDK andwas installed on a smartphone. Unity can be used to develop games,
AR, and VR applications. After launching the application, the user has to follow a
set of instructions on how to operate the application. After the instruction phase, the
user has to scan the provided marker to go further (Fig. 70.3).

After scanning the marker, six organs images placed equally on the circumference
of the application image are displayed (Fig. 70.4).

Each image depicts the organ that will be shown. The organ showcased is a 3D
model which is shown in a real-world environment. The six organs which are shown
via the application are the brain, lungs, skeleton, kidney, eyes, and heart. All the
organs have a degree of realism with their animation and are constructed in such a
manner that the students can easily understand the organ.

An example will be the 3D model of the lungs (Fig. 70.5). Each organ has been
sub-divided into its various parts. By clicking on the organ part, only that part is shown
and additional information about the part of the organ is also displayed (Fig. 70.6).

Fig. 70.3 Scanning of
marker to use application

Fig. 70.4 Images of organs
that can be augmented
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Fig. 70.5 3D model of lungs

Fig. 70.6 Information of the
organ

If the student wishes to acquire more information about any specific part, they can
be redirected to the ‘Wikipedia’ page for that organ by clicking on the ‘info-button’
(Fig. 70.7).

Additional features about the application is the zoom-in and zoom-out feature.
A student can zoom-in or zoom-out on any organ by using two fingers to get a

Fig. 70.7 Additional information of the organ
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Fig. 70.8 AR Interface of
the application

better look at the organ. Also, all the displayed organs rotate on an arbitrary axis by
themselves which allows the user to see the organ from all angles. The user can stop
the rotation momentarily when they want by holding on to the organ at any specific
moment. Voice features are also available.

The workflow of the application can be seen in (Fig. 70.8).

70.6 Results and Analysis

The overall Cronbach’s alpha value obtained from the system usability score (SUS)
is 0.856. An alpha score greater than or equal to 0.7 indicates an acceptable value,
while an alpha value of 0.8 or higher indicates a good value. Therefore, the Cronbach
alpha values obtained indicate that the results obtained were reliable (Fig. 70.9).

After the post-usage questionnaire, the overall learnability score is 89.3, while
the usability score is 91.5. The overall SUS score comes to a total of 91.1 which is
shown in the above graph.

Using the open-ended Google form and the five-point Likert scale, we were able
to test the application upon parameters like visualization, information, user interface
(UI), and the overall experience.

Figure 70.10 shows that almost all the participants were able to visualize the
organs better after using the application than the traditional approach of textbooks.

Figure 70.11 shows that almost all the participants were able to get adequate
information needed about the various organs after using the application.
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Fig. 70.9 SUS Score of the
application

Fig. 70.10 Result for organ visualization

Fig. 70.11 Information
provided

Figure 70.12 shows that more than 80% of the participants liked the user interface
of the application and were able to use the application conveniently.

Figure 70.13 shows that the overall experience of almost all the participants
was more than satisfactory. This shows that the participants were satisfied with the
prototype of the application.
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Fig. 70.12 User Interface of
the application

Fig. 70.13 Overall
experience of the application

Therefore, using the AR Human Anatomy application has been beneficial for the
students and has a positive impact. Both students as well as teachers were motivated
while using the application for studying or teaching purposes.

70.7 Conclusion

The objective of this research was to showcase an augmented reality application
that helps in effective learning of human anatomy for secondary school students and
to understand its impact. The literature indicated that there is insufficient research
on the impact of using mobile AR in education, and there is room to explore the
potential of AR to improve student learning motivation and contribute to improved
academic achievement [9]. Augmented reality (AR) was defined as combining real
and virtual worlds, supplementing the real world with computer-generated virtual
objects in real-time, and AR was explained in the context of education. Mobile AR
was discussed given that AR may easily be used through mobile devices.

The literature review looked at the use ofAR in education followed by an overview
of some previous studies which used AR applications. AR in healthcare education
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was also seen where it was followed by acceptance of AR as a learning medium
which helps in a personalized and explorative learning experience.

Themethodology and the prototype of theARapplicationwere discussed in detail.
In-depth detail of how the application has to be handled was showcased. All the
features of the application were discussed along with their pictorial representation.

The prototype of the AR application was well-received by the users. Compared to
the current AR applications which are available, the AR Human Anatomy provides
many more features. Currently, the applications that are available on AR usually
use multiple flashcards as markers. But, this can be much more cumbersome for the
user. Compared to that, our application is much more versatile and uses only one
marker. Also, a lot of AR applications only show the model to the users and never
give additional information to them. On the other hand, the AR Human Anatomy
application gives a detailed explanation along with visualization experience to the
users.

Analysis of the results shows that there has been a positive impact on the partic-
ipants after using the application and is beneficial for both students and teachers.
Further work has to be done to improve the application as has been said by Partici-
pant X, “Functions of the organs can also be added in short while labeling the organ
name. Also, the connection between the organs should be told when the organ is
displayed at the beginning.”

70.8 Future Work

Futureworking can be done on the application in various forms.Currently,markerless
technology is available for users using the Google ARCore SDK but the stability of
the markerless technology is still not good for android devices. Additionally, SDK’s
like Google ARCore are only available on higher-end android devices which can be
more expensive for the general users. Since this application is for the general public
of all communities, markerless technology has not been incorporated yet but can be
put into consideration for future purposes.

Additionally, for future work, we can incorporate features like body-tracking
where the user has to scan a person and the scanned area will show about the organ.
This way, much more models and additional features can be added to the application.
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Chapter 71
Part Consolidation in Design for Additive
Manufacturing: A Two-Level Approach
Using Complexity Metrics

Jayakrishnan Jayapal , Senthilkumaran Kumaraguru ,
and Sudhir Varadarajan

Abstract Design for additive manufacturing (DfAM) creates opportunities for
improved product design. Part consolidation (PC) is an important design oppor-
tunity in DfAM. The existing methodologies for part consolidation in DfAM are
mostly based on expert judgment or heuristic rules. In addition, they only suggest
the candidates for part consolidation. They do not assess the manufacturability of
the consolidated parts. This paper proposes a two-level approach for part consoli-
dation using complexity measures at the system level and part level. At the system
level, the centrality score (a complex network measure) is used to identify parts with
high potential for consolidation, and at the part level, a geometry-based complexity
measure—modified complexity factor (MCF)—is used to assess the manufactura-
bility. This two-step approach is expected to improve efficiency and effectiveness
in DfAM since it uses minimal information at the system level and detailed assess-
ment of manufacturability is done only for those parts where AM potential is high.
Such an approach can be extremely useful to product designers at the early stages of
design. Two case studies are presented to illustrate the effectiveness of the proposed
approach.

71.1 Introduction

Design for additive manufacturing (DfAM) recommends different methods and tools
that help designers about the capabilities of additive manufacturing (AM) (techno-
logical, geometrical, etc.) in the design stage. In general, DfAM capabilities have
been classified into two categories: opportunistic and restrictive. In opportunistic
DfAM, each design potential will have a value addition and design benefit. Kumke
et al. [1] have developed a semantic network of the design potentials and benefits
of AM (49 nodes and 290 relations). The top three highly influential nodes in this
semantic network include (a) part consolidation, (b) different material in one part
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and (c) reduced number of joints. These important design potentials represent the
key drivers of complexity in any system—the parts, the content of the parts and the
relationships among parts. In AM, the possibility of part consolidation is widely
studied in system level, and some of the existing methods is discussed in the next
session.

71.1.1 Existing Approaches to Part Consolidation in DfAM

AMhas its unique process capabilities that remove the product complexity restriction
because of part consolidation. Some components in the part are no longer required
to be separately manufactured and then assembled; instead, they can merge into a
single part to be manufactured through a single AM process. Schmelzle et al. [3]
have studied the challenges that engineers face when redesigning a multicompo-
nent assembly into a single component and fabricated using laser-based powder bed
fusion for metal AM. Yang et al. [4] have proposed a new part consolidation (PC)
methodology comprehensively considering function integration and structure opti-
mization. The modular design approach is another way to perform PC. Samyeon
et al. [5] have proposed a methodology to consolidate parts by considering the main-
tenance and product retrieval at the end-of-life stage by extending modular design
approach. The modules are identified using the single component complexity index
and Markov clustering algorithm. Researchers working on design structure matrix
(DSM) have developed several measures and clustering approaches to study modu-
larity in systems. For instance, Suh et al. [2] have used key drivers of complexity
in any system like the number of parts, relationships and nature of relationships to
develop complexity measures to guide discussions on modularity. From the litera-
ture, it is found that the existing PC methodologies are focused only on finding a
suitable candidate for part consolidation in the assembly, but the manufacturability
of the consolidated design is not discussed. At the same time, those focusing on
manufacturability by AM have largely concentrated on geometrical complexity at
the part level and not the whole.

Given that the top three design potentials in DfAM point to the key drivers of
complexity in any system (number of parts, the content of the parts and the number
of relations), this paper argues that theremay be opportunity to improve the efficiency
and effectiveness of the DfAM process in practice by using objective metrics at both
the system (product) level and the part level. The paper proposes the use of complexity
network measure (centrality) to identify the potential parts for consolidation from
the product level design structure matrix (DSM) and an existing geometry-based
approach measure for assessing the manufacturability at the part level.

The centrality score, which measures the connectedness of a node in the network,
helps identify the parts with high centrality and the other parts that are directly
connected with it. The manufacturability of the consolidated parts is calculated using
the modified complexity factor, a measure used for assessing the manufacturability
in AM [6].
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71.2 Two-level Approach

71.2.1 Identification of Possible Candidates for PC

For identifying the possible candidates for PC, the overall methodology is explained
in the flowchart as shown in Fig. 71.1.

The suitable candidate for part consolidation is identified by performing complex
network analysis on the product architecture or design structure matrix (DSM).
The product network is constructed from part interaction matrix created from the
exploded view of the assembly in any CAD modeling software. Then the centrality
of each component in the product network is calculated, and the component with high
centrality score is selected as the candidate for PC. The centrality score is defined
by the number of connections incident on each node, and it is used as an estimate
of its importance in the network [7]. The centrality score obtained from the network
analysis resembles the complexity metric discussed in [2], which is a function of
the number of components, the number of interfaces and the adjacency matrix of the
system.While consolidating the parts, the functionality of the overall design has to be
preserved. So, the decision has to be taken by considering the material compatibility
and manufacturability of the consolidated design in AM.

Fig. 71.1 Proposed part
consolidation strategy Identify the number of parts and 

relationships between the parts

Prepare the relationship matrix from the 
exploded view of the design and draw the 

product network

Perform the network analysis on the 
product network and find the candidate for 

PC

Redesign the product after part 
consolidation

Perform the manufacturability of the 
consolidated design using MCF
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71.2.2 Manufacturability Using the Modified Complexity
Metric

While the consolidation of the parts has been done, now we have to measure the
complexity of the design to check the manufacturability. To evaluate the manu-
facturability of a shape for AM, Conner et al. [6] have developed a metric called
modified complexity factor (MCF) which is a modified version of complexity factor
mentioned in [8]. The complexity of the design, modified complexity factor (MCF),
is calculated by using the geometry-related parameters like surface area, the volume
of the part, volume of the bounding box, etc. [6]. The equation for calculating the
MCF is shown below.

ModifiedComplexity Factor, MCF = 5.7 + 10.8Cpr + 18Car + 32.7Cnh

(71.1)

where, part volume ratio,

Cpr = 1 − Volume of part

Volume of bounding box
= 1 − Vp

Vb
(71.2)

Area ratio,

Car = 1 − Surface area of part

Surface area of sphere
= 1 − Ap

As
(71.3)

Hole ratio,

Cnh = 1 − 1√
1 + Nh

, (71.4)

where Vp is volume of the part, Vb is the volume of bounding box, Ap is the surface
area of the part, As is the surface area of the sphere which is considered to be a less
complex shape, and Nh is the number of holes. These geometry-related parameters
are measured from the mass properties of the 3D CAD model. If the MCF value is
more than 44 falls under the high complexity part category, these designs are more
suitable for AM according to [6].

71.3 Case Study

To understand the feasibility of the proposed approach, two case studies are carried
out. Section 71.3.1 discusses an existing motorcycle steering assembly, which
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is already discussed in [9], and Sect. 17.3.2 discusses a throttle pedal assembly
discussed in [8].

71.3.1 Motor Steering Assembly

Initially, there were seven components in the design, and Fig. 71.2 shows the initial
design and components in the design. The total number of parts in the assembly is
reduced to four by using the complex product network measure.

The network from the relationship matrix is drawn as shown in Fig. 71.3a, and
the centrality score is calculated for each node. Based on the centrality score, the
candidate for part consolidation is identified and part count reduced to four from
seven. The product network after the consolidation is shown in Fig. 71.3b, and the
centrality score of each part is graphically represented in Fig. 71.4.

From Fig. 71.4, upper triple clamp has the highest centrality score, so the upper
triple clamp is the most important node in the product network. The next step is to
consolidate the possible parts along with the upper triple clamp without eliminating
the functionality of the assembly the parts need to be consolidated. So, out of seven
components, the lower triple clamp, upper triple clamp and fork tubes can be consid-
ered as standard parts and without eliminating the functionality steering handle, cap,
the base is combined with the upper triple clamp, and it can be made as a single
part. The next step is to check the manufacturability of the consolidated part using
Eq. (71.1). The consolidated design is shown in Fig. 71.5. By using the additive

Fig. 71.2 Motorcycle
steering assembly [7]
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Fig. 71.3 Product network a before consolidation b after consolidation
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Fig. 71.4 All degree centrality of the motorcycle steering assembly

Fig. 71.5 Consolidated upper triple clamp
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Table 71.1 Mass properties and parameters for calculating the MCF

Vol of the
part (cm3)

Vol of the
bounding
box (cm3)

Surface
area of the
part (cm2)

Surface
area of the
sphere
(cm2)

No of
holes

Cpr Car Cnh MCF

582.827 4215.809 1139.952 337.424 2 0.8617 0.7040 0.50 44.03

manufacturing-enabled part count reduction (AM-PCR) followed in [9], seven parts
are reduced to five.

The details of mass properties and the modified complexity factor of the
consolidated design are shown in Table 71.1.

From Table 71.1, the MCF value of the consolidated design is more than 44, so
the design is suitable for manufacturing using AM [6].

71.3.2 Throttle Pedal

A throttle pedal design is selected to demonstrate the proposed framework and vali-
date the effectiveness of the new method with the Part Consolidation Candidate
Detection (PCCD) algorithm used in [8]. The original design is taken from an open-
source CAD database [11]. As shown in Fig. 71.6, the throttle pedal consists of 12
parts without counting the washers and fasteners. The product network is created by
identifying the physical contact between the parts. From the network, the component
with the highest centrality score is identified as the candidate for part consolidation.

Based on the physical relationship between the components, the product network
is drawn using the open-source network tool and is shown in Fig. 71.7. The centrality

Fig. 71.6 Exploded view of throttle pedal [8]
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Fig. 71.7 Product network of throttle pedal a before consolidation b after consolidation

score of each node in the product network is measured and shown in Fig. 71.8.
From Fig. 71.8, the shaft has a high centrality score. Even though the shaft has the

highest centrality score in the product network, all the parts around the most center
node can be considered for consolidation. Out of nine parts in the assembly, some of
the parts are COTS like bearing, torsional spring and potential meter. So, out of the
remaining parts, we can consolidate the parts into two groups without eliminating
the functionality of the product. In Group 1, the modified pedal consists of the shaft,
sealing ring, the right case, lever, pin, pedal and D-shape pin. In Group 2, the rotation
limit is consolidated with the left case. The manufacturability of the consolidated
design is assessed with the help of MCF using Eq. (71.1), and the details are shown
in Table 71.2. The consolidated design is shown in Fig. 71.9.

14
12

10 10
8 8 

6 6 
4 

0
2
4
6
8

10
12
14
16

Shaft Left case Potential
meter

Torsional
spring

Rotation
limit

Bearing Sealing
ring

Right
case

D-shape
pin

C
en

tra
lit

y 
sc

or
e

Parts

Fig. 71.8 Centrality score of the throttle pedal
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Fig. 71.9 Consolidated
design a Group 1 and
b Group 2

TheMCF value for both the consolidated designs is more than 44, so these designs
are suitable for manufacturing in AM.

71.4 Results and Discussion

The two case studies discussed in the previous section hold well with the
earlier studies performed to identify the possible candidate for part consolidation
using part consolidation candidate detection (PCCD) algorithm [10] and additive
manufacturing-enabled part count reduction (AM-PCR) algorithm [9].

For implementing the PCCD algorithm or AM-PCR, the user has to verify the rule
set for each set of component pairs in the assembly. There are seven rules in PCCDand
nine rules in AM-PCR. So, the amount of information and time required to perform
PC is more as the number of components in the assembly increases. But in this work,
we can identify the set of components suitable for PCwith fewer information and able
to find the possible candidate for PC with comparatively less expertise. Also, in this
proposed methodology, the manufacturability of the consolidated design is assessed
using the modified complexity factor (MCF). So, if we follow the proposed two-level
decision-making strategy, after part consolidation in the first level total number of
parts in the assembly will be reduced and needs to check the manufacturability of
lesser parts in the second stage. A detailed comparison of the existing algorithms and
proposed methodology is shown in Table 71.3. The reduction in the number of parts
is improved in the proposed methodology compared to the existing methodologies.
So, the new two-level methodology can able to reduce the number of parts and assess
the manufacturability of the consolidated parts with less expertise.
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Table 71.3 Comparison of different PC methodologies

PCCD [10] AM-PCR [9] Proposed
Methodology

No of parts Before PC After PC Before PC After PC Before PC After PC

Motorcycle
steering
assembly

– – 7 5 7 4

Throttle
pedal

13 7 – – 12 5

71.5 Conclusion

An alternate approach for part consolidation using multilevel complexity measures
is developed. In this work, we proposed a two-level decision-making procedure to
adopt AM for manufacturing the product. In the first level from the product network,
parts with high centrality scores are identified and the parts around the high centrality
node are consolidated without eliminating the functionality of the product. Then the
manufacturability of the consolidated design is assessed with the help of MCF in the
second level. Two case studies are presented to prove the feasibility of the proposed
framework for part consolidation and assessed the suitability of AM for the consoli-
dated design. The proposed centrality score-based PC will be more effective than the
modularity-based PC if the number of parts is more in the system. Further analysis
can be done to check the appropriateness of the centrality-based method in future.
This work can be further extended to find the suitability of the new methodology
for functional integration along with part consolidation, and a view similarity-based
measure for manufacturability assessment can be studied in future.
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Chapter 72
A Process to Understand Products
in Terms of Design Elements Using
Linkographs

Ravi Lingannavar and Pradeep G. Yammiyavar

Abstract A product undergoes through a sequential process from design stage to
development. The design elements and utilitarian aspects of the product need to be
taken into considerationwhile developing /designing.As designers thought processes
are converted into sketches, one has to have good knowledge on the basic elements of
design. Function, aesthetics, ergonomics and usability constitute the broad elements
of design. Each design will have sub-parameters, which designers need to prioritize
and give more emphasis to those elements in particular. Linkographs will help in
identifying the spaces, where a product can be value added to make it innovative. For
all the identified design elements along with sub-parameters, linkographs have been
plotted by taking a design case study. This approach shall emphasize on value param-
eters while designing the product and shall serve as a template for reference. Value
addition can be evaluated in terms of design elements via the developed linkographs.

72.1 Introduction

A product undergoes through a sequential process from design stage to development.
Initially, the problem is identified, and a typical product design cycle includes all
the phases as shown in Fig. 72.1. This cycle is typically followed by almost all
engineers, designers and small and medium-scale enterprises. Different stages of
product development have been adopted from Chaturvedi, [1]. There are many tools
and techniques followed, in achieving the product’s design. There are hundreds of
tools and techniques available, some example are idea generation and selectionwhich
are brainstorming, brain drawing and brain writing, fishbone diagram, How-How
diagram, 5W2H and many more. These tools help in generating ideas that make the
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Fig. 72.1 Product development stages

Fig. 72.2 Design space
adopted from [5]

product more value added [2, 3]. It is the initial stage where designers are dealing
with solution part only, not on the variables/parameters involved in design [4].

To add value to the existing product or to ideate/develop entirely new product
requires knowledge of understanding design elements. Design elements are the
smallest divisions of any successful product. And these are focussed more while
designing the product. Hence, it becomes very important to consider them. To begin
with ‘design space’, it is defined as ‘combinatorial space generated by set of parame-
ters, which are also the operands’ (Aesthetics+Ergonomics+ Function= 1, Design
ratio) [5].

To achieve innovation/value addition in products, one needs to consider the design
elements which starts from base, i.e., design space. Innovation in product design
is defined as value addition in the product, which should be viable, feasible and
desirable. And many more definitions are available in the literature [6]. It is also
the foundation for the development of the proposed fractal triangle of innovation
(Fig. 72.2).

72.2 Variables Involved in Design Are Complex

The criteria affecting innovation are defined in product design on the basis of the
available literature. To express the variables, particularly to meet the requirements
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Fig. 72.3 Proposed fractal triangle of innovation

of product design, a ‘novel fractal triangle of innovation’ was conceptualized. It was
developed as the current design morphology and did not address the questions from
the perspective of the designers and engineers, as shown in Fig. 72.3. A novel fractal
triangle of innovation was developed from the theory of design space. Some signifi-
cant parameters which influence innovation and productivity have been established
by researchers. It is posited from the literature that innovation or value addition can
happen from these design elements and is discussed in the following sections (Table
72.1).

72.2.1 Variables Establishing Fractal Triangle of Innovation

There are sub-parameters for each parameter that are discussed in further sections.
The variables and sub-variables are enlisted from the available literature, keeping

value addition at the center. Starting from design space as the base, first triangle
constitutes function, aesthetics and ergonomics. The sub-parameters are identified
based on the experience and available literature. Considering functionality as an
example, the associated parameters are visual, style, color, balance, etc., which are
shown in Table 72.3.
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Table 72.1 Variables
involved in establishing
fractal triangle of innovation

Function Aesthetics Ergonomics First
triangle

Usability Form Operations Second
triangle

Manufacturing Material Construction Third
triangle

Marketing Margin Maintenance Fourth
triangle

Public Competitors Policy Fifth
triangle

Logistics Demand Supply Sixth
triangle

Tools Novel
techniques

R&D Seventh
triangle

72.2.2 Variables and Sub-variables Involved in Fractal
Triangle

Table 72.2 depicts the main variable and sub-variable as shown. For designers and
engineers, it becomes difficult in considering the higher priority or which of the
following design elements have greater effect on the success of the product.

Similar way second level of triangle and its variables have been listed as shown
below (Table 72.3).

Based on the literature, these design elements have been noted and few are
frequently practiced in the design process by designers and engineers. The weighting
factor that needs to be assigned to the design elements mentioned is the complexity
that occurs. For the design elements, there is no such method of giving priorities.

Table 72.2 Variables
forming the innermost
triangle of design space

Function Aesthetics Ergonomics

Strength Visual Safety

Durability Style Efficiency

Cost/value Color Reachability

Purpose Balance Visibility

Fit Unity Force

Features Symmetry Duration

Stability Harmony Anthropometry

Construction Proportion Repetition

Ease of Use Emphasis Posture

Rhythm Direction

Glance
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Table 72.3 Second-level
triangle of innovation and
their design elements

Usability Processes/Manufacturing Operations

Functional Human Ease of use

Efficient Machines Handling

Error-free use Tools Installation

Enjoyable Equipment Number of steps

Environment Time Practice

Economical Cost Operating

Skills Extra fits

Construction Power Manual

Ease of use Space Maintenance

Assembly

Therefore, for this, a system has been created that saves time and effort as it serves
as a blueprint for these kinds of products. We limit it to the first-level triangle in this
paper, and it can be expanded to the third, fourth, fifth, sixth and seventh, respectively.

72.3 Current fractal triangle of value Addition proposed

The proposed innovation triangle is derived from the theory of design space and
derived over the parameters identified [8–10], which contributes to innovation if
implemented in the design process. Hence, the fractal triangle of innovation’s
building blocks is design elements. Figure 72.3 gives the overall picture of all the
variable and sub-variables in triangle, i.e., fractal triangle that needs to be considered
in the designing phase by the designers to add value in the product.

72.4 Connecting the Design Elements—Linkographs
an Overview

Once the design elements are known to the designer, it becomes very easy to under-
stand the importance of the same. Designer can prioritize those design elements.
To better understand these elements, one can use linkography. Linkography is
a technique to analyze the design process at initial levels. It can be developed
on qualitative and quantitative approach. It is basically used in mapping of the
designers thinking, and idea generation can be converted in a meaningful way.
It is logical and meaningful to use in product design process. In fact, linkog-
raphy is a matrix update, although few researchers still want to stick to matrix repre-
sentation [11], specifically when we are dealing with two similar products of
different company. It is the best tool to convert metacognitive thinking in design
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process. Each design feature is tested and marked as nodes for its relation-
ship, and ‘moves’ are design moves [7]. The goal in this is to measure the inno-
vativeness of the product in terms of design elements when two products of similar
family are compared. The linkographs have been developed by using linkographer
program. For the study purpose, authors have considered eight sets of product, and
one of them is presented in this paper briefly.

72.4.1 Experiments Conducted

To examine the exact spaces of value addition based on the fractal triangle of inno-
vation, linkographs have been plotted. For comparison of the products, to identify
the value addition spaces, we have considered the two similar products, i.e., Vidyut
laptop and Akash tablet as shown below (Fig. 72.4).

The products adopted for this study are products of IITBombay (Akash tablet) and
belong to the same family and perform the same function. Akash tablet was designed
initially to find applications in the field of education. However, the advanced version
of the same was Vidyut laptop (by private firm). The user studies have proved that
the latter is complicated to use—technically termed as market myopia. Countries
like Japan and Taiwan are known for innovations in electronic segment over the
past decades. This case study has been taken to understand the influence of design
elements. The research outcomes will help the designers and manufacturers to add
more value to the product and yet make it more cost effective. Vidyut laptop is one
such example, as it adopts a backward integration technique, wherein the resource
and technology available to design the product were used. Rest of the components
like outer shell, mouse and charger, which were added to the cost of product, were
outsourced. The linkographs have been plotted to identify the relative innovation
index between the products. In post evaluation, we can say that the major difference
between the products under study is that the laptop is just an extended version of
the tablet, with components such as hinge, keyboard, mouse and casing being added

Fig. 72.4 Vidyut laptop and Akash tablet
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Fig. 72.5 Linkographs for Vidyut laptop and Akash tablet aesthetics and its elements

which converts the tablet into a laptop. Therefore, we can say that innovation is
doing the existing things in a new way. When the linkographs are plotted based on
the design elements, it gives clear picture of where the value addition has taken place.
The circles represented in Fig. 72.5 are to indicate the spaces for the value addition,
i.e., Vidyut laptop is good in those places, and Akash tablet can be improved in those
design elements. The plotting is done on the sheet by marking design elements and
then checks for the correlation and develops the link. And this is followed over all
the elements to develop a linkograph.

72.4.2 Results and Discussion

The linkographs have been plotted for both the products. In this analysis, authors
have considered up to first-level triangle. Aesthetics, ergonomics and function are
making first triangle. Operations, processes and usability are making second-level
triangle. (Due to number of page restriction, first-level triangle to generate linko-
graphs individual and combined has not included in this paper) (Figs. 72.6, 72.7 and
72.8).

The aesthetics and its sub-parameters are plotted for both the products. From the
analysis, the relative innovation index for Akash tablet is 3.6 and 4.4 for Vidyut
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Fig. 72.6 Linkographs for Vidyut laptop and Akash tablet ergonomics and its elements

Fig. 72.7 Linkographs for Vidyut laptop and Akash tablet function and its elements
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laptop. It leads to the relative difference of between the two products as 0.8. It can
be concluded that 0.8 is the relative innovation index in terms of aesthetics, i.e.,
aesthetically Vidyut laptop is more value-added product than the Akash tablet. In the
similar way, it has been calculated for ergonomics, function, operations, processes
and usability along with their respective design elements.

When combining aesthetics, ergonomics and function, the linkograph is plotted
as shown in Fig. 72.8, and it is observed that Vidyut’s laptop has a higher index
of innovation (AEF = 8.9). Similar way when usability, processes and operations
are combined, overall link index coming for Vidyut laptop is more (UPO = 8.4) as
shown in Table 72.4.

Table 72.4 is the final conclusion of plotting linkographs, which shows individual,
combined link indexes which clearly indicate the design elements of improvement,
in our case Vidyut laptop has higher index in almost all variables (design elements),
hence making it more value added. A designer or engineer can clearly think. Hence,

Fig. 72.8 Linkograph of aesthetics, ergonomics and function combined along with their design
elements

Table 72.4 Consolidated results of link index of Akash tablet and Vidyut laptop

A E F AEF U P O UPO

Akash 3.6 3.45 3.33 8.46 2.33 2.66 2.66 6.92

Vidyut 4.4 4.27 4 8.9 2.5 4.2 3.64 8.4

A Aesthetics, E Ergonomics, F Function, U Usability, P Processes, O Operations, AEF, UPO
Combined all
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Vidyut laptop, an extended version ofAkash tablet, hasmore value added andmaking
it a more innovative in terms of design elements.

72.5 Conclusion

It becomes a necessary step to identify and adopt the design elements in any product’s
design as it leads to the value addition, focussing on design elements to be prioritized.
Linkographs drawnbased on design elementswill help identify important variables to
be considered in early stages of design stage and will help cater the value component
in the product. Results of linkographs can be utilized to calculate the percentage of
value addition when compared with another product of same family. Overall, the
study and understanding of the design elements will lead to a more value-added
product. Representation can be visualized by plotting the linkographs indicating the
design element of value addition or improvement in the design. The same research
has been extended in measuring the innovation in products of similar family. It can
be called as innovation metrics and can measure the innovation/value addition in the
product when compared, in terms of design elements. This work will help designer
to catch up the value addition spaces.
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Chapter 73
Daylighting Evaluation and Retrofit
Strategies: A Simulation-Based
Approach to Optimise the Artificial
Lighting Consumption

Tarun Verma and Padmanaban Gopalakrishnan

Abstract Daylighting plays a major role in the design of lecture halls. Architects
and designers take advantage of daylight in lecture halls to enhance visual comfort
and energy efficiency by using daylighting simulation tools. Daylight simulations
provide with the ability to compare many design parameters and optimise design
alternatives to promote visual comfort and energy efficiency. Still, daylight is not
commonly combined with the artificial lighting in buildings as there is a lack of
information and documentation on daylighting simulation tools to assess the energy-
saving potential in buildings. This study aims to bridge the gap between the use of
daylighting simulation tools and evaluating the energy-savingpotential of daylighting
in buildings by using a single objective optimisation approach. Twelve lecture halls
were selected, andfive retrofitting strategieswere analysed to enhance the daylighting
performance and optimise the artificial lighting consumption of the lecture halls.
The simulation results showed 58–95% energy savings after applying the retrofitting
strategies. Similarly, the daylight autonomy increased from 40 to 89% for lecture hall
G5 and 14 to 51% for lecture hall G12. The DA was found as a good performance
indicator and showed a positive correlation with energy savings.

73.1 Introduction

In most of the countries, the requirement of sustainable development and energy
consumption in buildings poses challenges for the engineering, construction and
architecture industry [1]. For this concern, daylighting is considered as one of the
essential concepts for energy-efficient, sustainable and green building design. In
buildings, windows recognised as amajor source of natural light which permit people
to maintain visual interaction with outdoors as well as bring natural light for indoor
environment with a pleasant atmosphere [2]. Daylighting is considered as a signif-
icant approach in modern architecture which has an ability to reduce the artificial
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lighting consumption and enhance visual comfort in buildings [3]. Previous studies
showed that artificial lighting accounts for up to 40% of the yearly building energy
consumption [4, 5]. The daylighting responsive lighting control methods are signif-
icantly impacted on the building energy use and showed 30–77% of energy saving
in annual electric lighting consumption [6, 7].

Except for energy savings, the positive effects of daylighting on occupants health,
well-being, comfort and productivity are also well recognised [8], that is the main
reason architects and designers take advantage of daylight in their buildings. Archi-
tects and designers use different simulation tools to support their decisions during
different stages of design and post-occupancy evaluation studies. Simulation-based
design approach helps in optimising the energy consumption in buildings. Daylight
simulations provide designers with the ability to compare a large number of design
parameters and optimise design alternatives to promote visual and thermal comforts
for the occupants [9]. Daylighting simulations are challenging due to the strin-
gent requirements to represent the actual building scenario. Still, previous research
works showed the reliability of simulation tools by producing the same results as
obtained from the field measurements [3]. In addition, the daylighting simulation
results showed a significant correlation with the occupant’s subjective responses
which again confirms the reliability of daylighting simulation tools [10]. Due to the
stringent requirements of building performance codes, standards and green building
rating systems, the daylighting simulations tools are gettingmore concentration in the
design process [11]. However, in spite of the listed benefits, daylight is not commonly
combined with the artificial lighting in building design as there is lack of informa-
tion and documentation on daylighting simulation tools to evaluate the energy-saving
potential in buildings [12]. The complexities involved in the daylighting simulations
are also considered as one of the limitations of the application of existing computer
simulation programmes [13].

This study aims to bridge the gap between the use of daylighting simulation tools
and evaluating the energy-saving potential of daylighting in existing buildings. For
this regard, this paper presents a single objective optimisation process tominimise the
artificial lighting consumption by providing the appropriate retrofitting solutions and
daylighting responsive control system.Thegoal of retrofitting strategies is to integrate
and enhance daylight with artificial lighting to reduce energy consumption in existing
building. Twelve lecture halls were selected for this study at a higher education
institute of Tiruchirappalli. Five retrofitting strategies were evaluated to enhance
the daylighting performance and optimise the artificial lighting consumption of the
lecture halls. The proposed retrofitting strategies were selected based on building
context and suitability to applywithminimal damage to the existing building envelop.
Hence,minimal changes in the existing building envelopwere considered a constraint
to applying the retrofitting strategies.
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Fig. 73.1 Ground floor plan of the lecture hall building

73.2 Methodology

73.2.1 Building Details

The lecture hall building consists of 36 lecture halls distributed on three floors and
oriented in various directions with the WWR (window-to-wall ratio) of 40 per cent.
Twelve lecture halls (G1 to G12) were selected on the ground floor to evaluate the
daylighting performance. Figure 73.1 shows the plan and lecture hall view of the
selected lecture hall building.

73.2.2 3D-Modelling and Simulation Details

3D Modelling. Several tools were used to model and perform the daylighting simu-
lations for the lecture hall building. The three-dimensional model of lecture hall
building was created to represent the actual building geometry by using Autodesk
Revit 2016 and then imported in Rhinoceros 5.0. DIVA 4.0 was used as a daylighting
simulation tool which works as a plug-in for Rhinoceros 5.0. A grid of illuminance
sensors was generated in DIVA 4.0 at a distance of 0.5 × 0.5 m for every lecture
hall at a height of 1.05 m (average working plane height) from the floor level. The
Tiruchirappalli weather data (.epw file) was imported in DIVA 4.0 to represent the
actual weather conditions for daylighting simulations.

Simulation Details. The material properties, simulation parameters, radiance
rendering settings, occupancy schedule and artificial lighting schedule (for base case)
were assigned to the three-dimensional model to perform the annual daylighting
simulations. The simulation parameters and radiance rendering parameters are
presented in Tables 73.1 and 73.2, respectively. The opaque material (walls, roof,
floor, etc.) properties were assigned based on the standards, and the glass visual light
transmittance (VLT) valueswere assigned as per the data provided by the glassmanu-
facturer. The material properties assigned for the simulations are presented in Table
73.3. Figure 73.2 shows the artificial lighting and occupancy schedule for the lecture
hall building. The white portion of Fig. 73.2 denotes that all the artificial lights are
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Table 73.1 Simulation
parameters

Parameter Value

Threshold illuminance 300 lx (NBC 2016)

Lighting set point for dimming
control

300 lx (NBC 2016)

Artificial lighting operation Dimming with occupancy
on/off sensor

Table 73.2 Radiance rendering parameters

-ab -ar -as -aa -ad

5 128 256 0.15 512

Table 73.3 Material properties

Parameter Value

Transmittance Ventilator glass 0.89 (wbdg.org)

Façade glass 0.37 (Provided by the manufacturer)

Window glass 0.37 (Provided by the manufacturer)

Reflectance Old white wall 0.55 (IES Lighting Handbook)

Outside ground 0.20 (CIBSE Guide)

Cement floor 0.10 (NBC 2016)

Old ceiling 0.50 (IES Lighting Handbook)

Door 0.50 (ECBC 2017)

CIBSE Charted Institution of Building Services Engineers
IES Illuminating Engineering Society
Wbdg.org Whole Building Design Guide
ECBC Energy Conversation Building Code
NBC National Building Code 2016, India

Fig. 73.2 Artificial lighting and occupancy schedule



73 Daylighting Evaluation and Retrofit Strategies: A Simulation-Based Approach … 907

Fig. 73.3 Location of sensors, luminaires and typical lecture hall details

on (1), and space is fully occupied (1) for the respective hour of the day. The black
portion of Fig. 73.2 denotes that all the artificial lights are off (0), and space if fully
unoccupied (0) for the respective hour of the day. To evaluate the artificial lighting
consumption for the base case, all the artificial lighting fixtures were considered
switch on with the occupancy in simulations. The energy saving, due to the proposed
retrofitting strategies, was compared with the base case model to identify the best
retrofitting solution. Photosensors and occupancy sensors were used in simulations
to reduce artificial lighting consumption. Two photosensors were placed at every
luminaire in the three-dimensional model of the lecture hall building. In total, 36
photosensors were installed for every lecture hall at a height of 4.2 m (ceiling level)
from the finished floor level. Figure 73.3 shows the location of photosensors, occu-
pancy sensors and luminaires (2×T5-28-Wfluorescent tubes). The artificial lighting
loads were calculated through simulations for each retrofitting strategy combingwith
the dimming control strategy.

73.2.3 Analysis Approach

Daylight autonomy (DA; the percentage of annual occupied hours above the illumina-
tion level of 300 lx) was used as a performance indicator to evaluate the daylighting
performance of the lecture halls. The daylighting performance and energy-saving
potential of retrofitting strategies were evaluated based on the annual daylighting
simulation results of DA. For the analysis of simulation results, the lecture halls
were divided into grids at a distance of 0.5 m, as shown in Fig. 73.3. On each grid
line, the average value of DA was calculated to generate the daylighting distribution
profile across the roomwidth. The analysis of the simulation results was divided into
two phases. In the first phase, the existing daylighting conditions were simulated for
the twelve lecture halls and problems were identified based on the simulation results.
In the second phase of the study, the best and least performing lecture halls were
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identified based on the daylighting performance indicator (DA), and then retrofitting
strategieswere applied to the best and least performing lecture halls to check the influ-
ence of proposed retrofitting strategies on energy savings. The retrofitting strategies
were identified based on the building context and suitability to apply with minimal
damage to the existing building envelop. The dimming control strategywas combined
with the retrofitting strategies to calculate the artificial lighting load of lecture halls.
The proposed retrofitting strategies are as follows:

• Changing the window glass properties (RS1)
• Adding windows in bay one (RS2)
• Adding windows in bay one + changing the window glass properties (RS3)
• Adding windows in bay one + light shelf (RS4)
• Adding windows in bay one+ light shelf+ changing the window glass properties

(RS5)

Figure 73.4 shows the proposed architectural intervention in the existing building,
and Table 73.4 shows the comparison between existing and proposed glass material
specifications.

Fig. 73.4 Proposed architectural interventions for retrofitting; section a—adding windows in bay
one; section b—adding light shelf

Table 73.4 Glass specifications (existing and proposed case)

Glass type Light factors Energy factors

VLT Reflections % Solar
factor

Shading
co-efficient

U value
(W/sqm.k)External Internal

Existing
glass

0.37 22 18 0.42 0.48 5.5

Proposed
glass

0.56 15 18 0.50 0.58 5.6
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73.3 Results and Discussion

73.3.1 Phase 1—Evaluating the Daylighting Performance
and Problem Identification of Existing Lecture Hall
Building

The daylighting simulation results for the existing building are presented in Table
73.5. The simulation results showed a range of average DA from 14–40 percentage.
Based on the DA simulation results, lecture halls G5 and G12 were identified as best
and least performing, respectively. The DA profiles across the lecture halls width
are presented in Fig. 73.5. A polynomial curve fit equation (Y = 0.29X2 - 6.14X +
48.14) was derived from the simulation results to represent a typical DA profile for all
the lecture halls. It is evident from the simulation results that in all the lecture halls,
the DA values were observed higher near (0 to 2.25 m) to the windows. The middle
area (2.25 to 5.25 m distance from the windows) of all the lecture halls showed a
lack of daylight. The daylight-deficient area was identified at the distance of 2.25
to 5.25 m from the windows based on the derived polynomial equation. Figure 73.6
represents the simulation result of daylighting distribution for the best (G5) and least
(G12) performing lecture halls. Due to the absence of windows in bay one, most of
the lecture halls show daylight deficiency in bay one and near the blackboard area.
Overall, phase one simulation results showed that retrofitting strategies are needed
to enhance the daylighting levels in the middle areas and bay one. The results of the
proposed retrofitting strategies for lecture halls G5 and G12 are presented in phase
two of this study.

73.3.2 Phase 2—Retrofitting Strategies and Energy Savings

The daylighting simulation results for the proposed retrofitting strategies are
presented in Table 73.6. All the proposed retrofitting strategies showed a significant
improvement in the daylighting levels for both G5 and G12 lecture halls. The DA
results for retrofitting strategies were compared with the existing DA results. Based
on the simulation results of DA, the retrofitting strategies RS3 and RS5 showed
better performance compared to the other strategies. The simulation results of DA
were observed in the range of 22–89%, which shows a considerable improvement
in the daylighting levels of the lecture halls. The artificial lighting consumption
was calculated for all the retrofitting strategies and compared with the base case.
Every retrofitting strategy showed a significant reduction in the artificial lighting
consumption for both the lecture halls by using the dimming control method. The
energy savings are achieved in the range of 58–95%, which shows the influence of
retrofitting strategies on energy savings. A correlation analysis was done to find the
relationship between DA and energy savings. The DA values and percentage energy
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Fig. 73.5 DA profile across the lecture halls width (before retrofitting)

Fig. 73.6 Daylighting distribution for G5 and G12 lecture hall (before retrofitting)

savings were found positively correlated, r (8) = 0.639, p = 0.047. Figure 73.7
shows the daylighting distribution for the lecture hall G5 and G12 after applying the
retrofitting strategies. The daylighting levels increased in the middle areas and bay
one for both the lecture halls, which shows the positive effect of retrofitting strategies
on the daylighting quantity.

The DA profile across the lecture halls width is presented in Fig. 73.8. A polyno-
mial curve fit equation (Y= 0.39X2 – 7.38X+ 72.77)was derived from theDA simu-
lation results to represent the typical DA profile for the proposed retrofitting strate-
gies. The polynomial curve fit equation for the retrofitting strategies was compared
with the existing DA curve fit equation. The highlighted area in Fig. 73.8 repre-
sents the improved daylighting band which shows a substantial improvement in the
daylighting levels of the lecture halls after applying the retrofitting strategies. Looking
at the polynomial curves for DA, it is evident that the minimum and maximum DA
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Fig. 73.7 Daylighting distribution for G5 and G12 lecture hall (after retrofitting)

Fig. 73.8 DA profile across the lecture halls width (after retrofitting)

values increased from 15 to 35% and 50% to 75%, respectively. Looking at the indi-
vidual results of retrofitting strategies, Fig. 73.8 also confirms that RS3 and RS5
performed better than the other retrofitting strategies. The RS3 and RS5 showed
higher DA (>80% and >50%, respectively) values near the windows for both the
lecture halls G5 and G12. Looking at the results, it is evident that both RS3 and
RS5 outperformed the other retrofitting strategies. The increased VLT value for the
windows was the common factor between RS3 and RS5. Before retrofitting, the VLT
value for windows was taken as 0.37 (Table 73.4), which was then increased to 0.56
(Table 73.4) after the retrofitting by changing the glass specification. This finding
highlights the impact of glassVLTvalue on the daylighting levels and energy savings.
As an architect or designer, one can easily suggest a change of glass material as a
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suitable retrofit option to enhance the lighting levels. However, the glare should be
taken into consideration while increasing the VLT value of glass material.

73.4 Conclusion

This study presents a simulation-based single objective optimisation approach to
reduce the artificial lighting consumption in lecture halls by using the dimming
control method and five retrofitting strategies. This study also highlights the use
of simulation tools to help architects and designers to take critical design decision
during the post-occupancy evaluation studies. For this regard, twelve lecture halls
were selected to check the usefulness of the proposed retrofitting strategies. The
simulation results showed 58–95% energy savings after applying the retrofitting
strategies. Similarly, the DA values increased from 40 to 89% for lecture hall G5
and 14% to 51% for lecture hall G12. The RS3 and RS5 showed the highest energy
savings; therefore, these strategies considered as best retrofitting strategies for the
selected lecture hall building. The DA is found as a good performance indicator
and showed a positive correlation with the energy savings. Since this study was
conducted in the context of lecture halls having a WWR of 40 percent, hence the
authors acknowledge that the findings of this study shall be applied to a similar
building type and context only.
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Chapter 74
Evaluation of Retrofitting Strategies
to Optimize Thermal Performance
of Naturally Ventilated Classrooms:
A simulation-Based Approach

S. Niveditha and D. Kannamma

Abstract The thermally comfortable environment in classrooms is significant to
improve the performance and productivity of students. A substantial number of
researches emphasize energy-saving potential, especially for forthcoming projects,
whereas existing buildings in the world consume 40% of the energy to meet the
desired indoor comfort conditions. Passive retrofitting strategies provide opportu-
nities for reducing energy consumptions to achieve sustainability in the existing
buildings. Presently, architects and designers are taking advantage of building simu-
lation tools that can compare and optimize design alternatives before the installation.
The objective of this study is to analyse the performance of twenty-two combina-
tions of retrofitting solutions to optimize the thermal performance of existing class-
rooms in the Architecture Department located in Tiruchirappalli, India, by using a
simulation-based approach. The simulation results showed that retrofitting strategy
1 (RS1—expanded polystyrene + shading device option 1 + night ventilation) was
performed better among all other strategies to achieve maximum comfort hours
(three times more than the actual comfort hours). However, retrofitting strategy 5
(RS5—shading device option 1 + night ventilation) was found as a cost-effective
strategy which does not include any insulating materials. Retrofitting strategies such
as the insulating materials and the shading devices were significant only with night
ventilation.

74.1 Introduction

Sustainable development in the constructionfield is the rising call inmost of the devel-
oping countries [1]. By reducing the energy demand to operate buildings, sustainable
and energy-efficient buildings can be developed for the future [2]. The emerging of
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comfortable and energy-efficient buildings results as the key to a complicated opti-
mization which involves a significant number of reliant variables [3]. On the other
hand, a substantial number of researches emphasize energy-saving potential espe-
cially for forthcoming projects, whereas existing buildings in the world consume
40% of the energy to meet the desired indoor comfort conditions [1]. Retrofitting
is one of the critical approaches for achieving sustainability in the existing building
stock at a relatively low cost. Retrofitting solutions provide significant opportunities
for reducing energy consumptions [4]. The characteristics of sustainable retrofitting
should be most favourable, readily available and cost-effective. To find out the best
retrofit alternatives, the role of architects, designers and technical experts is oblig-
atory. Nowadays, architects and designers are taking advantage of building simu-
lation tools that can compare and optimize design alternatives before the installa-
tion. Computational techniques and computer simulation tools have been efficiently
used in building design stage, construction stage, operational stage, optimization
and researches for eras [5]. These tools help to achieve goals such as cost reduction,
energy savings and diminish environmental impacts and improve the comfortable
built environment.

Public buildings became the primary source of energy consumption drastically
over the last eras [6]. Educational institutions are the distinct types of buildings that
have the prime objective to provide a stimulating learning/ teaching environment for
the students and teachers [7]. Based on Annual Status of Higher Education of States
andUnion Territories in India (ASHE) 2017 report, the total number of universities in
India has grownup from602 in 2011–12 to 799 in 2015–16, growing at a compounded
annual growth rate (CAGR) of 5.2%. The educational buildings use energy mainly to
achieve thermal comfort. The human thermal environment, as a part of ergonomics,
pacts with thermal comfort (i.e. whether an individual feel too cold, hot or sticky),
particularly in their working environment. Thermal discomfort environment affects
the productivity and performance of both students and teachers and hence creates
unsatisfactory conditions. For this regards, the thermal comfort requirements in the
classrooms of higher education institutes need serious attention.

This study is a sequence of previous research work [8] done by the authors who
carried out an analysis on the thermal performance of existing classroom condi-
tions of an architectural school at Tiruchirappalli, India, and proposed three major
retrofitting solutions (design interventions) such as designing of shading devices,
installation of insulatingmaterials and night ventilation. The results from the previous
study concluded that the addition of insulating materials was giving negative impacts
(providing comfort hours less than existing comfort hours) in this context. There-
fore, the authors further found a need to examine the performance of twenty-two
combinations of retrofitting solutions to further optimize the thermal performance
of existing classrooms by using a simulation-based approach.
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74.2 Methodology

74.2.1 Location and Building Details

The building was chosen in Tiruchirappalli, Tamil Nadu, India (10°46′ N, 78°43′
E, 88 m AMSL), which has been classified under warm and humid climatic zone
by National Building Code 2016 (NBC) of India. April, May and June represent
the summer months, whereas December, January and February are relatively colder
months.May ismeasured as the hottest of all themonthswith 38.1 °Cas themaximum
monthly mean temperature. Likewise, January is measured as the coolest with a
mean monthly minimum temperature of 20.3 °C. The department of architecture of
a higher educational institution, which had L configuration, was selected to perform
this study. The case study building is a framed structure and consisted of four lecture
halls (L1 & L2) at the first and second floor in the typical arrangements and five
studio classrooms (S1 & S2) distributed on all the three floors (Fig. 74.1). Since L1
and L2 were identical in spatial arrangements, only L1 is considered for the analysis.
All the classrooms and lecture halls were naturally ventilated spaces and had fans
to enhance the wind movement. Table 74.1 shows the spatial characteristics of the
selected classrooms.

Fig. 74.1 Classroom layout (typical) and view of case study building ( Source: Author)

Table 74.1 Plan form and measurements of classrooms

Classroom Plan form Dimension (m) Area (m2) Volume (m3)

Ground floor studio 1 (GFS1) Rectangle 9.5 × 16 × 4.2 152 638

First-floor studio 1 (FFS1) Rectangle 9.5 × 16 × 4.2 152 638

Second-floor studio 1 (SFS1) Rectangle 9.5 × 16 × 4.2 152 638

First-floor studio 2 (FFS2) Rectangle 9.5 × 16 × 4.2 152 638

Second-floor studio 2 (SFS2) Rectangle 9.5 × 16 × 4.2 152 638

First-floor lecture hall 1 (FFL1) Square 9.5 × 8 × 4.2 76 319

Second-floor lecture hall 1 (SFL1) Square 9.5 × 8 × 4.2 76 319
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74.2.2 Modelling and Simulations

SketchUp software (version 2017) was used to create a three-dimensional model for
the case study building. Integrated Environmental Solutions software (IES-version
2016) was employed in the calculation of the indoor operative temperature and
comfort hours. To simulate the results, IES used variables such as air temperature,
wind speed and mean radiant temperature from the weather data file (.epw) obtained
from EnergyPlus.

Building envelope template. In the IES simulation software, all the walls (both
internal and external) were assigned as solid brick walls of 0.23 m thick and cement
plaster of 0.012 m thick on both the sides and whitewashed properly. Along with
0.15-m-thick reinforced cement concrete (RCC) flat slab, the weatherproof clay tiles
of 0.075m thick was given as roof assemblage. The floor finishes were of lightweight
vitrified tiles. The doors were made up of 0.03-m-thick plywood which has a thermal
conductivity value of 0.1300W/mK. Thewindows had operable steel doors and fixed
grills which were single glazed having the transmittance value of 0.780.

Thermal comfort template. The studyusedoperative temperature and comfort hours
to analyse the thermal performance of all the retrofitting strategies. The formula to
calculate indoor operative temperature (neutral temperature) range for the naturally
ventilated buildings by using Indian Adaptive Thermal Comfort (IMAC) model is as
follows:

Neutral temperature (indoor operative temperature in °C) = 0.54 * outdoor
temperature + 12.83. Here outdoor temperature is the thirty days outdoor running
mean air temperature (°C) ranging from 12.5 to 31 °C [9]. According to NBC 2016,
the 90% acceptability range for the India specific adaptive models for naturally
ventilated buildings is ± 2.38 °C [10].

The thermal comfort hours are defined as the hours for which the simulated opera-
tive temperature fallswithin the range of IMAC indoor operative temperature comfort
band. The values assigned in the simulation software for thermal comfort template
are shown in Table 74.2.

Table 74.2 Thermal comfort
inputs

Factors Values

Working hours (annually) 1841 h

People’s schedule From 09.00 AM to 05.00 PM
(inclusive of break time)

People’s density 3.81/m2

People’s activity—standing,
sitting and writing

1.1 met

Clothing value 0.64 CLO

Ventilation type Naturally ventilated

Comfort model IMAC—Indian Adaptive
Thermal Comfort Model
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74.2.3 Retrofitting Strategies

The study analysed the indoor operative temperature and comfort hours of the
existing building and identified the problems (Phase 1: Problem identification). The
author proposed three retrofitting options in the pilot study to improve the thermal
performance of the existing building are as follows.

Insulating materials. The primary aim of thermal insulation is to decrease the
thermal conductance or U-value of walls. Table 74.3 shows the list of insulating
materials of different categories from NBC 2016 used for this study.

Shading device design. The sun angles are essential to design shading devices. The
author considered the solar chart of Tiruchirappalli city to design the shading devices
(options 1 and 2) for western side walls (exposed mainly to solar radiation) of the
building (Fig. 74.2).

• Shading device option 1 (To achievemaximum shading fromApril to September):
HSA = -25°; VSA = 30°.

• Shading device option 2 (To achieve maximum shading from October to March):
HSA = 40°; VSA = 30°.

• (Note: HSA = horizontal shadow angle; VSA = vertical shadow angle.)

Night Ventilation (NV). Night ventilation indicates the mechanism of natural
ventilation at nighttime to bypass extreme heating and cooling of building envelope.
A building with suitable thermal mass can reduce peak daytime temperature around
2 °C to 3 °C by adopting night ventilation. Table 74.4 highlights the macro flow
inputs assigned in the software for night ventilation.

Table 74.3 Insulating materials specifications

S.No Insulating material list Density
(Unit: Kg/m3)

Thermal conductivity
(Unit: W/mK)

Specific heat capacity
(Unit: J/kg K)

1 Expanded polystyrene 25 0.035 1400

2 Glass wool 200 0.040 670

3 Polyurethane board 30 0.025 1400

4 Sheep wool 23 0.038 1300

Fig. 74.2 Model of case study building with shading device options
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Table 74.4 Macro flow
inputs

Air exchange type Window Open/Close
Schedule

Window schedule Without NV Open From 09.00 AM to
05.00 PM

With NV Open continuously (24 h)

Window dimension 1.5 m × 1.8 m (for all the
classrooms)

Combination of retrofitting strategies. Based on the results of the earlier pilot
study, the authors further found a need to analyse the performance of combinations
of design interventions to optimize the thermal performance of existing classrooms.
Table 74.5 indicates the proposed twenty-two retrofitting strategies for this study. A
colour code has been assigned to every retrofitting strategies for the analysis point
of view.

Table 74.5 Colour coding details of retrofitting strategies (cluster wise)

Insulating 
material

Shading
 Device 

(SD)

Night 
ventilation Combinations of Retrofitting Strategies (RS) Name 

code Cluster 

1. Expanded 
polystyrene

2. Glass wool

3. Polyurethane 
board 

4. Sheep wool

Option 1

Option 2

Changing 
the window
open/close 
schedule

Expanded polystyrene + SD option 1 + Night 
ventilation RS 1

1Glass wool + SD option 1 + Night ventilation RS 2
Polyurethane board + SD option 1 + Night 
ventilation RS 3 

Sheep wool + SD option 1 + Night ventilation RS 4
SD option 1 + Night ventilation RS 5 2
Expanded polystyrene + Night ventilation RS 6

3

Glass wool + Night ventilation RS 7
Polyurethane board + Night ventilation RS 8
Sheep wool + Night ventilation RS 9 
SD option 2 + Night ventilation RS 10
Glass wool + SD option 2 + Night ventilation RS 11
Sheep wool + SD option 2 + Night ventilation RS 12
Expanded polystyrene + SD option 2 + Night 
ventilation RS 13

Polyurethane board + SD option 2 + Night 
ventilation RS 14 

Expanded polystyrene + SD option 1 RS 15

4

Glass wool + SD option 1 RS 16
Polyurethane board + SD option 1 RS 17
Sheep wool + SD option 1 RS 18
Expanded polystyrene + SD option 2 RS 19
Glass wool + SD option 2 RS 20
Polyurethane board + SD option 2 RS 21 
Sheep wool + SD option 2 RS 22

Before Intervention
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74.3 Results and Discussion

74.3.1 Phase 1: Problem Identification

The indoor operative temperature and comfort hours of all the classrooms were
obtained from IES software as shown in Fig. 74.3. The X-axis signifies the months,
whereas Y-axis (left and right) signifies the indoor operative temperature and the
number of hours, respectively. The grey colour lines in the line graph indicate the
indoor operative temperature of all the classrooms, whereas the yellow colour band
indicates the IMAC thermal comfort range.

Based on the simulation results, the authors have identified the following problems
(Fig. 74.3):

• The indoor operative temperature of all the classrooms is exceeding the IMAC
thermal comfort range of Tiruchirappalli. During April, it is reaching its peak,
and from March to September, the indoor operative temperature ranges of all the
classrooms are increased drastically. This leads to discomfort situations to the
occupants during their occupied hours.

• The comfort hours are comparatively significantly less than the total occupied
hours in all the months. Especially from March to September, the comfort hours
are ranging between 11 and 102 h which are approximate, twenty times less than
occupied hours.

Fig. 74.3 Problem identification
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74.3.2 Phase 2: Analysis of Retrofitting Solutions

To rectify the identified problems, the authors suggested the combinations of
retrofitting solutions. Figure 74.4 represents the simulation results of the proposed
twenty-two combinations of retrofitting strategies. The retrofitting strategies have
been divided into four clusters based on the simulation results of comfort hours.

• Cluster one consists of four best-performing strategies (RS1, RS2, RS3 and RS4).
All the four strategies in cluster one are achieving almost a similar number of
comfort hours ranging from 1100 to 1200 h. From Fig. 74.4, it is evident that
the strategies which have combined night ventilation and shading device option 1
along with insulatingmaterials are performing the best. So, the role of night venti-
lation is significant to this context. In other words, the application of insulating
materials is highly dependent on night ventilation. Besides, the performance of
shading device option 1 is better than option 2.

• Cluster two consists of RS5 is found to be a cost-effective strategy which does not
include any insulating materials. In this strategy, four classrooms are achieving
comfort hours more than 1000 h, and the remaining three rooms are achieving
more than 750 comfort hours.

• Clusters three and four are providing comfort hours ranging from 200 to 450 h.
Explicitly, some retrofitting strategies (RS15 to RS22) have comfort hours which
are less than the actual comfort hours (before intervention) because of the absence
of night ventilation.

Fig. 74.4 Cluster of retrofitting strategies
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Fig. 74.5 Comparison graph of before and after retrofitting solutions for RS1

74.3.3 Selection of Optimal Solutions:

From the analysis, the authors have found that the retrofitting strategy 1 (RS1—
polyurethane board + shading device option 1 + night ventilation) as the best-
performing strategy. Figure 74.5 denotes the comparison graph of before and after
applying RS1 in terms of both indoor operative temperature (line graph) and comfort
hours (bar chart). The number of comfort hours for all the classrooms was signifi-
cantly increased after optimization. The indoor operative temperature of classrooms
is in between the comfort band from January toMarch and fromAugust to December.

From April to July, the indoor operative temperature of all the classrooms is in
between 28 °C and 33 °C, which is almost nearby in the range of IMAC comfort
band. Among this temperature range, the users could achieve thermally comfortable
environment by choosing their favourable adaptive options such as opening/ closing
of windows and changing the seat positions.

74.3.4 Statistical Validation of RS1

A paired sample t-test was conducted to compare the monthly comfort hours of
before and after applying RS1. The t-test results showed a significant difference in
the monthly comfort hours of before (mean = 30, standard deviation = 32.14) and
after applying RS1 (mean= 96.23, standard deviation= 41.62); t (83)= -32.632, p <
0.001. After applying RS1 (shading device option 1+ expanded polystyrene+ night
ventilation), the mean and standard deviation values have increased tremendously.
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So the results indicate that the monthly comfort hours increased significantly after
applying the RS1.

74.4 Conclusion

The primary objective of the study was to investigate the thermal performance of
twenty-two combinations of retrofitting strategies, to find out the best-performing
strategy to improve the indoor thermal environment in classrooms by using a
simulation-based approach. Twenty-two retrofitting strategies were proposed and
simulated using IES (version 2016) software. Based on the simulation results, the
following are the findings of the study:

• RS1, RS2, RS3 and RS4were performed nearly the same to achieve themaximum
comfort hours and comfortable indoor operative temperature. RS1 (shading device
option 1+ expanded polystyrene+ night ventilations) was considered as the best
in this cluster.

• RS5 (shading device option 1 + night ventilation) was considered as the
cost-effective option because it achieved the maximum comfort hours in four
classrooms out of seven, without the installation of insulating materials.

• Based on the simulation results, the role of night ventilation was significant to this
context because the comfort hours were increased drastically (three times more
than existing comfort hours).

• The addition of insulating materials without night ventilation was creating the
negative impacts which were giving fewer comfort hours than the actual case.
Thus, the strategies such as insulating materials and shading devices were
significant only with night ventilation.

The results of this study can guide the architects, engineers and decision-makers
to select the most favourable retrofitting strategies for warm and humid climates
towards the enhancement of the thermal environments in classrooms. It is clear that
the role of night ventilation is creating tremendous influences, but the authors are
acknowledging the fact that the opening of windows during nighttime will create
some safety and security issues. To overcome these issues, possible solutions such as
providing ironmesh and security grills can be implemented. However, further studies
on the limitations to assess other passive retrofitting strategies like the position of
windows, window wall ratio (WWR), etc., can be explored. Moreover, the results of
this study can be appropriate to the analogous building type and context only.
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Chapter 75
A Role-Based Prototyping Approach
for Human-Centered Design in Industry

Nuno Miguel Martins Pacheco, Anand Vazhapilli Sureshbabu,
and Markus Zimmermann

Abstract In previous work, the so-called role-based prototyping approach (RBPA)
was proposed. It is for interdisciplinary student teams and puts strong emphasis on
autonomy and proactivity. Progress in the project is measured by the three lenses of
human-centereddesign, feasibility, viability, anddesirability. It guides the students on
important aspects of fuzzy-front product development by providing a template of the
overall process and specific tools, e.g., an adapted Kanban board. This approach was
limited to academia. In this paper, an application of the RBPA in an industry setting
is discussed. Industry settings are different from classical fuzzy-front end scenarios
because a context is given. To address this, the roles of the proposed approach were
refined by assigning specific tasks to incorporate customer requirements. The result
was deployed in a university course where students were given design tasks from
industry. Each team is guided through this process with the help of daily coaching
sessions and their progress is tracked, recorded, and evaluated. The results are then
discussed in detail with an outlook for the future.

75.1 Introduction

The success of newproducts is crucial to the growth and prosperity ofmodern compa-
nies, where the ability to innovate is considered a critical lever for business success
[1]. It is not easy to develop new products and to place them successfully on the
market, since 80% of new products introduced do not manage to establish themselves
on the market after two years [2]. New products are classified into incremental, plat-
form, and breakthrough products by the dimensions of extent of product change: new
core product, next-generation product, addition to product family, and derivates and
enhancements; aswell as extent of process change: new core process, next-generation
process, update, and incremental change [3]. The development of new products is
associated with complex processes that depend on various success factors, requiring
the transformation of ideas or opportunities into tangible and viable products, known
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as new product development (NPD) [2]. It is a long way in the innovation process to
launch a new product and the NPD process is preceded by the fuzzy-front end (FFE)
and is concluded with the commercialization [4]. The relevance of new products in
a technological market [5] is forcing companies to rethink priorities due to rapid
progress, global market structures, and high competition [6]. Traditional product
development processes are no longer state of the art but have been expanded by
important elements such as: multidisciplinary collaboration, self-organized teams,
knowledge transfer, and overlapping iterative development phases [6]. FFE is not
formalized and generally includes phases from idea generation, concept development
to project evaluation [5]. Product life cycles reduce and competitive market environ-
ments change rapidly, leading to FFE as the greatest weakness, but it also contains
the biggest potential for improvement in product innovation [4, 7]. Zhang and Doll
propose a causal model in their research, containing the necessary elements for the
success of new product development as follows: Front-end fuzziness, foundation
elements, and team vision, whereby the individual elements are further subdivided,
revealing the complexity and the resulting challenges [8].Front-end fuzziness stresses
the following challenges: customer, technology, and competition fuzziness. Founda-
tion elements emphasize the following challenges: strategic orientation, heavyweight
manager, concurrent engineering, customer involvement, supplier involvement, and
platform products. Team vision highlights the following challenges: shared team
purpose, strategic fit of project targets, and clarity of project targets. This hypothesis
of Zhang and Doll is further supported by the extensive literature review by Korityak
andCao,who addresses the challenges of newproduct development in the fuzzy-front
end [9]. Therefore, a multi-dimensional complex problem in design space exists, in
which boundary conditions are unknown and several factors are interdependent and
influence each other.

In recent years, several academic formats based on the model of ME310
(Stanford University) emerged, such as Xtech Entrepreneurship (DTU Copen-
hagen), Think.Make.Start. (TU Munich), where teams of students were intro-
duced to entrepreneurship in the context of new product development. Recently,
UnternehmerTUM GmbH started TMS Industry (TMSI) to offer such innovative
formats in shorter 3–5-day workshops to companies that have focused on finding
an idea to expand their product portfolio. In TMSI, ideas are prototyped and imple-
mented to convince executives of the concept. Similarly, the BMW Group has also
started a similar program to run its own internal sprints, where employees from
different backgrounds are released for 3–5 days to work on their ideas in a set
context and to implement them in a feasible prototype. Previously, a new role-based
approach based on prototyping was proposed [10] that helps interdisciplinary teams
while placing emphasis on autonomy and proactivity of the students as well as giving
them an adequate balance of freedom and supervision. Prototyping activities form an
integral part of development, and the prototyping lenses of desirability, feasibility, and
viability are used for targeted development and are success factors for new product
development [11]. Themethod guides the students through the fuzzy-front end of new
product development using tools that emphasize on slow integration of artifacts via
micro-logic that gets progressively complex with added methods and guidelines on
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prototypes and sprints. This is highlighted by the prototyping process while placing
prototypes as a measure of progress, through the prototyping lens. However, the
proposed method is limited to academia and is not applicable to industry because
there are differences in expected output and problems between the two applica-
tion fields. Development projects in academia are associated with a complete FFE,
dependent on the entrepreneurship contexts of TMS. Whereas in industry, there is a
given context and mostly solutions only need to be rethought for efficiency, cost or
for the problem formulation due to its fuzziness with a lack of development and/or
resources allotted to said problem. The objective is to connect academia and industry
by adapting the previously proposed FFE method for academic contexts and using it
in innovation engineering. The industry context is given through preselected problem
domains, even though the problem domains are fuzzy the problems originated from
presented technical problems by the OEM.Moreover, activities in the marketing and
the business domain are not necessary since the result is not a startup. Through an
explorative study, this paper proposes a prototyping approach linked to a role-based
model, supporting student teams, and proposing a formalized prototyping method-
ology for industry settings. The following research questions are addressed: (RQ1)
Howdonovice teams embrace a formalized, goal-oriented approach to prototyping in
industry settings? and (RQ2) How does the adapted approach affect the prototyping
activities?

In Section II of this paper, the development of the methodology for industry
settings is outlined, followed by its first deployment for data collection in Section
III. The paper presents the results from the deployment in Section IV and discusses
the results and reveals insights and questions in the final Section V.

75.2 Methodology

75.2.1 Course Design

The basic course format is inspired from the TUMunich’s Think.Make.Start. (TMS)
course which aims at running student projects that have the potential to be a tech-
nology startup for standalone products [12]. Not all methodologies and processes
in that format are transferable to industry settings; a new course called TMS Enter-
prise (TMSE) is created to address this gap in innovation process engineering for
industries with student teams. The ten-week course TMSE with 20 students of TUM
serves as the test-setting for this research. Current needs and problems in the industry
from technological and economic systems are identified, analyzed, and validated in
the interdisciplinary team and solutions are iteratively improved through prototyping
activities. The students are provided an 800e budget for project expenses, workshop
access, problem owner, and coach support with methods and tools on NPD, business
models and technological feasibility. The goal of the course is to create a product
that is desirable (i.e., fulfilling a user need), feasible (i.e., available resources), and
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viable (i.e., potential customers) [11], namely a minimum viable product (MVP)
[13]. The previous RBPA approach proposes three roles: business developer, tech
developer, and problem expert [10]. Those roles function as enabler for collabora-
tive work and provide a guideline but were too ambiguous for an industry context
and did not provide a clear function for each role. In addition, prototypes are placed
as measure of progress in the original RBPA guiding students through fuzzy-front
product development. It provides a template of the overall process and tools for the
case that no problem or context is defined in the beginning of the development. This
approach is highly limited to academic settings and gives the students the freedom
of choice to find a problem worth solving.

75.2.2 An Adapted Role-Based Prototyping Approach
(Adapted RBPA) for Industry Settings

In industry, the context is given and a solution is needed. This means that process
optimizations or incremental product improvements apply. It should not be forgotten
that innovations are essential for industry to remain competitive, in a fast paced
and changing world as defined by VUCA environments. Therefore, we propose
a modified version of the RBPA approach. A holistic framework for the adapted
role-based prototyping approach (adapted RBPA) is illustrated in Fig. 75.1.

The overall structure of the prototyping journey includes the modified team roles
inspired by agile development teams. The project manager is responsible formeeting
the project goals. He encourages the team to focus so that deadlines are met. The
function designer is responsible for customer-relevant attributes. He interprets what
people want and derives the equivalent user requirements. The architect is respon-
sible to define system attributes. He defines the product architecture and therefore
must interpret the user requirements from the function designer originating from
users. The component designer is responsible for component attributes. He tries to
figure out the needed technological aspects in the solution. These modified roles are

Fig. 75.1 Holistic framework for the adapted role-based prototyping approach (adapted RBPA) of
TMSE consisting of a micro- and macro-logic
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the enabler for collaborative work between different disciplines by clearly splitting
the responsibilities in teams through four distinct roles. In the aRBPA, the prototype
phase milestones are divided into three distinct metaphases: problem, solution, and
launch phase. Those phases are subdivided into two distinct prototype phase mile-
stones. It is only possible to continue to the next metaphase as soon as the previous
is concluded. The concept of pretotyping was added to the methodology [14]. Those
milestones provide tangible goals and development structure for the development
teams and serve as an orientation in an iterative process. The methods and tools are
not explicitly integrated in the approach as it aims at students being proactive when
they face challenges. The problem pretotype starts the problem phase and encourages
teams to understand the problem they are dealing with. It is a complete representation
of the problem with all possible complications considered, for a best possible view
of the problem domain. The problem prototype aims at defining the final set of prob-
lems that can be reasonably deduced to be solved through targeted user feedback.
Those problem features help to define a singular definition for the minimum viable
product (MVP). The solution pretotype starts the transition from problem to solution
metaphase. It illustrates a partially mocked-up representation of the intended product
or service that can be built in minutes, hours, or days instead of weeks, months, or
years. Different solution features try to solve different problem features. The model
prototype concludes the solution phase and is mainly used to collect customer feed-
back and define themarketing strategy. It is a looks-like representation of the solution
without features deployed on the product, but in a presentable form, which is mainly
used as a demo unit, for marketing purposes and sales push. The functional prototype
is a version of the solution with a minimal set of features deployed on a product,
mainly used as demo units. The minimum viable product (MVP) contains sufficient
features to satisfy early adopters and convince them to invest in the product. In addi-
tion to the principles of human-centered design of desirability, feasibility [11], and
viability, the prototyping purposes of exploration, evaluation and communication
are added [15]. This approach is not sequential, and it is possible to jump back to
previous phases for pivots. If a metaphase is not concluded, it has first to be closed
(Fig. 75.1).

75.2.3 Deployment of the Methodology

The methodology is deployed at a modified semester long TMS course together with
an industry partner. It startswith a kick-off day that introduces production topics as the
context and serves as a day to get familiar with everybody and the practical approach.
In the following three weeks, an observation phase takes place in the production site
of the industrial partner, where the students observe and document the most relevant
topics. After the observations, the students document the encountered difficulties
and create a problem wall with all problems that have been found. This problem
wall contains all possible problems that were collected during the observation phase
in a summarized format. The pre-event for the sprint week takes place afterward,
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where students and employees form teams based on the given problems. A team
consists of at least three students and two employees. The employees take on the
roles of project manager, architect, and function designer. In this initial phase, all
the students are component designers. At the end of the pre-event, the teams create
problem pretotypes that represent the problemwhich the teamwants to solve. During
the sprint week, 30min ofmandatory input on selected topics such as design thinking,
lean, agile development, user testing, pitching, and methodology are given in the
morning at the beginning of the day. The teams are supported in their daily sessions
by coaches with methodological and technological know-how.

Progress presentations with teams presenting their current progress to their peers
are held every day. The user testing for a few selected customers from the partner is
also carried out. At the end of the sprint phase, the demo daymarks the firstmilestone,
where the teams showcase their products to over 50 invited guests. During the final
sprint week of the sprint phase, the first day starts with a deeper understanding and
specification of the problem selected in the pre-event by further subdividing the
problem. The teams create problem prototype and use it to create a vision solution
video. On day two, the first solution approaches are shown as solution pretotype.
The third day aims to continue working on the solutions (solution pretotype) and
in addition to get first customer feedback from invited guests throughout the day.
On the last two days, different solutions are integrated into a functional concept
called functional prototype and a model prototype is created. The purpose of the
intermediate event is to get feedback on the project to decide on a continuation of the
project. After the event, the teams have four weeks to integrate the received feedback
into their concept and take the product to the next level. A final event at the end
completes the whole process. The project is continued or gets management support,
if a project is considered satisfactory.

75.3 Evaluation

The course received 35 applications from various disciplines fromTUM, fromwhich
the best 20 received admission. In addition, 14 employees from theOEMparticipated
in the sprint phase as an addition to the teams. The data was collected from the six
participating teams and was considered for evaluation and analyzed. The number of
prototypes in respect to the prototype phase milestones is illustrated in Fig. 75.3. In
total, 5 problem pretotypes, 14 problem prototypes, 45 solution pretotypes, and 22
functional prototypes were built during the sprint phase and 7 solution pretotypes,
21 functional prototypes, and 6 minimum viable products were built during the
development phase (Table 75.1).

It is evident that the teams have built more prototypes in the sprint phase than
in the development phase. Additionally, most prototypes were built in respect to the
solution than to the problem, which is represented by a high amount of solution
pretotypes and functional prototypes. Not all milestones were covered during the
prototyping activities. The teams that are highlighted in red are the winning teams of
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the different phases and are the one that stayed longer in the problem space. There is
a clear shift from solution pretotypes to functional prototypes in respect to the sprint
and development phase.

Comparing the prototype milestones in relation to the prototyping purposes, it
becomes apparent that especially in the problem stage a lot of emphasis was put on
communication and that the exploration took place from the moment the solution
was proposed (sprint phase). Looking at the development phase, it shifts especially
toward evaluation and partly stays with exploration. The relation between prototype
milestones and prototyping purposes is represented in Fig. 75.4. Tracking the indi-
vidual roles consisted of capturing the efforts of the individual roles, which were
specified on the tasks in the Kanban board, which were directly linked to the indi-
vidual prototypingmilestones. Considering the engagement of the individual roles in
relation to the prototype phases, it is evident that especially the component designer
pushes the solution forward in the sprint phase. The project manager adds a problem
focus and the other roles are more focused on early solution concepts.

During the development phase, the component designer focuses completely on
the functional prototype. The project manager pushes toward the minimum viable
product. The other roles are still realizing simple individual solutions within the
solution pretotype. The engagement of the different roles in respect to the proto-
type milestone phases is illustrated in Fig. 75.5. In terms of the commitment of the
individual roles in relation to the prototyping purposes, the component designer is
observed to be driving the project forward with a special focus on exploration. The
project manager on the other hand is largely responsible for communication within
and outside the team. The other roles are more focused on early solution concepts
and therefore build a bridge between communication and exploration. During the
development phase, the component designer focuses completely on evaluation like
all other roles. The project manager still has communication as a priority focus. The
relations are shown in Fig. 75.6.

Fig. 75.2 Prototype phase milestones are split into a double diamond containing divergent phases
broadening the design space and convergent phases combining previous insights into a single
concept. The principles of human-centered design and prototyping purposes together with the
frame, build test, and act cycles support the development activities
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a) Sprint Phase b) Development Phase
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Fig. 75.3 a Prototyping milestones in relation to teams during the sprint phase. The prototyping
toward the milestones of problem pretotype, problem prototype, solution pretotype and functional
prototypewere considered. Solution pretotypes receivedmost consideration.bPrototyping purposes
in relation to teams during the development phase. In the development phase, the prototyping
activities only consisted of solution pretotypes, function prototypes the most, and the minimum
viable product

75.4 Discussion

75.4.1 Methodology

The adapted RBPA methodology was successfully applied and provided the teams
with the necessary support to help develop new products in an industrial context. The
results show that there is a need for improvement. Student feedback was collected,
and it was noted that without a standardized platform, it was difficult to collect data
on retrospectives. This led us to believe that there is a lack of tools adapted to the
methodology, which would have helped the collaboration of the teams to plan and
reflect on prototyping activities.

In the methodology, the focus was on prototyping and the individual prototypes
were developed and tested in consideration of the prototyping purposes. The roles
were specified by the setting and links between the individual roles were established.
This promotes cooperation and reduces uncertainty in new product development.
To address this problem, several prototyping activities with different prototyping
purposes and their documentation in relation to the principles of human-centered
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a) Sprint Phase b) Development Phase
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Fig. 75.4 a Exploration, evaluation, and communication in relation to the prototyping milestones
during the sprint phase. The problem milestones are mostly used for communication while the
remaining prototypes are used for exploration as well as communication. b Exploration, evaluation,
and communication in relation to the prototyping milestones during the development phase. In the
development phase, the prototyping activities shifted more to exploration and mainly evaluation,
which accounts for most of it

design are necessary. This results in prototyping configurations between the human-
centered design principles and the prototyping purposes. These two types serve as
search vectors in the design space. This was an explorative study with the aim of
adapting and testing the methodology from academia for use in industry. Regarding
the application of the methodology, we can speak of a success, since most students
used the approach accordingly and had a high proportion of prototyping activities.
It can also be observed that teams that stayed longer in problem space and only
then entered the solution space in design space were more successful in developing a
minimumviable product. The impact of themethodologywill have to be addressed at
a later stage, but there are other challenges for improving the adapted RBPAmethod-
ology. One important observation from the aRBPA approach is the roles. This gives
clear indication on the contribution of each role at any given phase or prototyping
cycle. This should help in gaining insight on the kind of effort required by each
contributing member of the team and how they can be best utilized. Another inter-
esting observation is the winning teams spent a lot more time in understanding the
problem completely during the sprint phases before attacking the specific attributes
in the solution prototypes in the later stages. And this approach made it easier to
make that observation and record it.
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a) Sprint Phase b) Development Phase
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Fig. 75.5 a Team roles in relation to the prototypingmilestones during the sprint phase. The project
manager is evenly distributed and has a preference toward the problem prototype and the solution
pretotype. The function designer has also a peek toward the solution pretotype. The component
designer in contrast has a peek at the functional prototype and the solution pretotype. The architect,
on the other hand, is balanced. b Team roles in relation to the prototyping milestones during the
development phase. The project manager is balanced and has a tendency toward the functional
prototype and the minimum viable product. The function designer has peaks at the solution preto-
type. The component designer now deflects to the functional prototype. The architect, on the other
hand, is balanced

75.4.2 Contribution and Limitation

This exploratory study builds on recent work in design research and represents an
extension of the previously introduced RBPA methodology to support designers in
the development of new products through systematic prototyping by reducing uncer-
tainty and risk in an industrial context. The focus lies on a goal-oriented, structured
prototyping approach, which facilitates the development process in conjunction with
a role allocation, while adhering to the principles of human-centered design and
following prototyping purposes. This approach is designed for application in student
development projects at universities in an industrial context. The objective of this test
was to assess the effectiveness of the methodology, but this could not be measured,
as only the application and data collection were the objective. It must be emphasized
that the choice of data collection using adapted Kanban boards and excel tables is
not recommended. These tools were chosen to collect data, but at no time did not
focus on usability for the development teams. The new more specific roles offer a
direction, but the tasks of the individual roles were partly unclear and need to be
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Fig. 75.6 a Team roles in relation to the prototyping purposes during the sprint phase. The project
manager is responsible for communication. The function designer deals with both exploration and
communication. The component designer in contrast is focused on the exploration. The architect, on
the other hand, is also responsible for the communication. bTeam roles in relation to the prototyping
milestones during the development phase. The project manager is pushing for communication and
evaluation. The Function designer deals with both exploration and evaluation. The component
designer is focused on the exploration. The architect, on the other hand, is balanced

communicated better the next time. A possible solution could be a tool for the devel-
opment teams to track their prototyping activities and serve as a collection point
for information. Prototyping phase milestones gave a good orientation by separating
into problem and solution space. However, it is debatable whether these are entered
sequentially or whether there are multiple loops. This was a first test in an industrial
context and the next step would be to test the methodology with a company over
a longer period. Overall, the aRBPA proved to a successful method when observed
to the successes of the team in deploying useful solutions. The effectiveness of
aRBPA was measured in terms of team successes which in turn was evaluated by
efficiency of the product development and successful deployment of the developed
solutions in the OEM production site. It gave very good insights on team effort
by adapting a role-based approach to prototyping. The prototyping phases proved
useful in self-documentation and as an unambiguous measure of progress. However,
the deployment of the methodology itself needs to be done with more efficient tools
and in a more intuitive manner, so that adoption is easier for novice users.
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75.4.3 Conclusion and Outlook

The adapted RBPA methodology was tested and evaluated for the first time in the
customized course TMSE. The adapted RBPA was extended by the prototyping
purposes and delivers together with the principles of human-centered design search
vectors for the design space in a non-quantifiable area. This provides a structured
progress map, indicating where further activity is required. This way, the develop-
ment process becomesmore focused and efficient while providing sufficient freedom
in early phase design work. The current evaluation is limited to the one scenario
considered and only based on qualitative assessment of the development results. It
is necessary to collect more and systematic data to draw a conclusion on general
applicability and usefulness of the proposed approach.
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Chapter 76
Improvement of Operator Comfort
of a Vibratory Compactor

A. Gomathinayagam, S. Babu, P. Antony Stephen, R. Raja Ganesh,
and D. Boopathi

Abstract Vibratory compactors are primarily used for compaction tasks in earth-
work and road building. They are regularly exposed to vibrations caused by the
moving elements within them like drum and engine and the unevenness of the road
or soil profile. Because of these vibrations, the structures are subjected to dynamic
loads and the operators are endangered to health issues. A higher prevalence of spine
problem, pain in chest, abdomen, arm and shoulder are found in the drivers of the
compactors. Strict norms concerning these health issues make the design of an effec-
tive operator compartment inevitable on the compactors. At present, Indian earth
moving equipment manufacturers follow ISO 2631–1 and ISO 5349–1 to ensure
the operator comfort in the compactors. These standards insist practical testing of
the operator compartment which can be time consuming. The frequency of dynamic
loading plays a pivotal role in determining the operator comfort as well as the damage
of the operator compartment structures. The major vibrating frequencies prevailing
in the compactor are its drum operating frequencies and engine rotating speeds. In
order to protect the operator from health issues and the structures from failure, the
operator compartment should be designed in a way that its natural frequencies evade
the major vibrating frequencies prevailing in the compactor. In this work, an effort
has been made to develop a methodology using finite element analysis to improve
the operator comfort of the compactors. The FEA results have been compared with
that of experimental testing, and the FEA methodology has been fine-tuned to get
a good correlation. In future, this FEA approach will be used to finalize the oper-
ator compartment design prior to practical testing with an objective of reducing the
development cost and time and ensuring the operator comfort.

76.1 Introduction

Vibratory compactors are primarily used for compaction tasks in earthwork and
road building. They are self-propelled vehicles that use steel drums to compress the
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underlying soil or hot mix asphalt. They can have one or two drums. Usually soil
compactors have single drum, while asphalt (Tandem) compactors have two drums.
They use combined static and dynamic forces (weight and vibrations) to have a better
compaction.

A typical Vibratory Tandem Compactor is shown in Fig. 76.1. It uses hydrostatic
power transmission system. The drum vibration is produced by a rotating eccentric
shaft and weights, and the centrifugal force created is proportional to the eccentric
moment and the rotation speed. The eccentric shaft is rotated bymeans of a hydraulic
motor which achieves desired frequencies and amplitudes by regulating speed with
a variable displacement pump and by moving weights.

These compactors are often exposed to vibrations not only due to drum and engine
vibrations but also due to the unevenness of the road or soil profile. Because of
these vibrations, the structural components are subjected to dynamic loads and the
operators are exposed to health issues. The operator comfort depends on whole
body vibrations (WBV) and hand arm vibrations (HAV) experienced by them. WBV
is the mechanical vibration transmitted to the whole body when operating heavy
construction machinery. It is measured using tri-axial accelerometer mounted in a
pad and placed on the seat surface/seat back/feet (Fig. 76.2). HAV is the mechanical
vibration transmitted to the hands when operating heavy construction machinery. It
is measured using tri-axial accelerometer mounted on a hand adapter (Fig. 76.3).

A higher prevalence of spine problem, pain in chest and abdomen and motion
sickness are common due to WBV, while pain in arm and shoulder, reduced grip
strength and vibration-induced white finger syndrome are common due to HAV
[1–3]. Strict norms concerning these health issues make the design of an effective
operator compartment inevitable on the compactors. At present, Indian earth moving
equipment manufacturers follow ISO 2631–1 [4] for WBV and ISO 5349–1 [5] for

Fig. 76.1 Vibratory tandem
compactor
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Fig. 76.2 Whole body vibration

Fig. 76.3 Hand arm vibration

HAV to ensure necessary operator comfort in the compactors. These standards insist
practical testing of the operator compartment which can be time consuming.

The vibrating frequency plays a key role in determining the operator comfort as
well as failure of operator compartment structures. Themain contributing frequencies
in the compactor are its drum operating frequencies and engine rotating speeds. In
order to protect the operator from health issues and the structures from failure, the
operator compartment should be designed in a way that its natural frequencies evade
the major vibrating frequencies prevailing in the compactor [6–10]. In this work,
an attempt has been made to develop a finite element analysis (FEA) methodology
using the commercial analysis package, ANSYS, to improve operator comfort of the
compactors. Relative comparison of FEA results with that of experimental testing
has helped to achieve a better operator comfort. In future, this FEA approach will
be used to finalize the operator compartment design prior to practical testing with
an objective of reducing the development cost and time and ensuring the operator
comfort.
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76.2 Evaluation of Operator Comfort Using ISO 2631–1
(WBV) and ISO 5349–1 (HAV)

76.2.1 Definitions

A(8): The 8-h energy equivalent vibration total value for a worker.

EAV: Exposure action value indicates the level of vibration at which action must be
taken to reduce exposure.

ELV: Exposure limit value is the maximum level of vibration that should not be
exceeded in any single day.

76.2.2 Procedure

As discussed in the introduction chapter, both the WBV and HAV are measured
using a tri-axial accelerometer. For WBV, the accelerometer is placed inside a pad
and mounted on the operator’s seat surface. For HAV, the accelerometer is mounted
using an adapter and held in hand or on thewrist as shown in Fig. 76.3. The coordinate
system of the tri-axial accelerometer is shown in Figs. 76.2 and 76.3. For practical
vibration measurements, the orientation of the coordinate system may be defined
with reference to an appropriate basicentric coordinate system. In general, X-axis is
aligned toward the travel direction, while Y-axis and Z-axis are aligned toward the
transverse and vertical directions, respectively. Figure 76.4 shows various steps that
have been followed to evaluate the A(8) value of WBV and HAV. While capturing
the raw data, sampling size should be kept at least two times more than that of
the maximum frequency existing in the system. The maximum frequency in the
compactor is engine high idle frequency of 80 Hz, and the sampling rate considered
here is 256 Hz.

76.2.3 Daily Exposure Limit Values

The daily exposure limit values of A(8) for WBV and HAV are given in Table 76.1.

76.3 Finite Element Analysis

The operator platformof a 9T class TandemCompactor is considered for the analysis.
The operator platform is mounted on the front chassis with the help of anti-vibration
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Filtered data in Frequency domain (Acceleration in ‘g’ vs. Frequency) 

Raw data in Time domain (Acceleration in ‘g’ vs. Time)

Find Frequency Weighted RMS Acceleration (m/s2) in x, y and& z directions

Multiply ‘k’ with a
wx

, a
wy

, a
wz

(k=1.4 for x, y and 1 for z directions for WBV
K = 1 for x, y and z directions for HAV)

A(8) = Max of (k* Weighted RMS Acceleration) in x, y and z directions

Check A(8) with Standard Values

(Filter + FFT)

Fig. 76.4 Flow chart to evaluate A(8) value

Table 76.1 Daily exposure
limit values

A(8) in m/s2 EAV ELV Reference

WBV 0–0.5 0.5–0.8 ISO 2631–1

HAV 0–2.5 2.5–5 ISO 5349–1

mounts (AVM).The swivel seat is placed above theoperator platform, and the steering
wheel mounted on the front console is also fixed to the operator platform. The
vibrations transferred from the front chassis to the operator platform and further to the
seat and the steering wheel depend upon the stiffness of AVM along three directions.
The stiffness of AVMs decides the natural frequency of the operator platform which
needs to be away from the machine operating frequencies and engine low idle and
high idle speeds.

The finite element model of the operator platform is shown in Fig. 76.5, and FEA
is carried out using commercial analysis software, ANSYS. Details of the FE model
like element, real constant and material properties are shown in Table 76.2. Modal
analysis is carried out to find out the natural frequencies and corresponding mode
shapes of the operator platform. FE model is first solved using the existing AVM
stiffness values. The natural frequencies of the operator platform are also listed in
Table 76.4.
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Fig. 76.5 Finite element model of the operator platform

Table 76.2 Finite element model details

Part Element type Real constant Material property

Seat + operator mass
Front console
Tools box

MASS 21 Mass values –

Operator platform
Front chassis mounting
bracket

SOLID 187 – Elastic modulus, Poisson’s
ratio, density

AVM COMBIN 14 Stiffness along 3
directions

–

It is evident from Table 76.4 that a few of the natural frequencies (highlighted) are
closer to the machine operating frequencies as well as engine idle speeds (shown in
Table 76.3) which shall result in the resonance causing more vibrations and discom-
fort to the operator. Hence, it is decided to keep the natural frequencies of the operator
platform away from the operating frequencies. The simplest way is by changing the
stiffness of the AVM values. FE model is solved for different AVM stiffness values,
and the corresponding natural frequency values are shown in Table 76.5.

Table 76.3 Machine operating frequencies and engine idle speeds

Machine low frequency, in HZ 33~35 Engine low idle frequency, in Hz 28~30

Machine high frequency, in Hz 55~60 Engine high idle frequency, in Hz 73~76
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Table 76.4 Natural frequencies for the existing AVM stiffness in Hz

6.7 19.1 42.0 61.8 83.0

10.2 21.7 52.4 65.3 89.5

10.4 25.3 56.8 73.5 90.1

16.7 33.9 58.7 76.1 104.8

19.1 36.3 60.0 76.4 108.9

Table 76.5 Natural frequencies for different AVM stiffness values

Rigid AVM AVM set-1 AvM set-2 AVM set-3

15.7 67.6 6.8 56.8 7.1 57.0 8.5 54.5

20.0 72.6 8.2 58.6 12.2 59.0 11.3 60.2

24.2 78.1 9.9 59.9 13.5 60.1 12.6 65.5

27.5 78.5 15.3 62.4 18.7 64.9 19.1 71.0

31.1 85.8 16.6 65.2 21.3 65.7 21.4 72.5

36.4 88.7 19.0 72.5 22.2 72.5 22.7 72.8

54.9 89.8 19.7 75.9 23.7 76.4 23.9 78.1

58.1 105.7 24.0 76.4 28.1 76.6 27.2 78.5

59.6 118.9 32.7 82.6 36.3 84.5 36.3 85.0

60.5 148.9 36.3 89.5 36.8 89.6 36.9 89.7

42.5 90.1 43.0 90.2 49.3 90.3

52.4 104.8 53.4 104.9 54.2 106.7

It is clear from Table 76.5 that the natural frequencies are away from the operating
frequencies for the AVM set-3 except 36.3 Hz which is closer to the machine low
frequency. But while checking the mode shape (deflection pattern) of that frequency,
it is not contributing to the deflection of the operator platform for themachineworking
condition. Also, the lesser frequencies are falling closer to the disturbing frequencies
for the rigid AVM. Hence, it is decided to measure the operator comfort for three
cases for the operator platform with existing AVM, rigid mount and AVM set-3.

76.4 Experimental Work

In order to validate the FEA approach and to decide upon the right AVM for better
operator comfort, an experimental work is carried out on the operator platform of
9 T class Tandem Compactor with existing AVM, rigid mount and AVM set-3. One
tri-axial accelerometer is mounted on a pad and placed on the operator’s seat to
measure WBV, and another tri-axial accelerometer is mounted on the adapter fixed
to operator’s wrist to measure HAV.
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Fig. 76.6 Experimental setup

Table 76.6 Daily exposure limit values, A(8) in m/s2

Vibration / AVM Existing AVM Rigid Mount AVM Set-3
WBV 1.29 0.68 0.4

Remarks More than EAV Within ELV Within EAV
Disposition Not Acceptable Marginally Ok Acceptable

HAV 4.20 2.22 1.3
Remarks Within ELV Within EAV Within EAV

Disposition Marginally Ok Acceptable Acceptable

The experimental setup for measuring the operator comfort is shown in Fig. 76.6.
Other ends of the tri-axial accelerometer cables are connected to SVANTech DAQ
systemwhich is used to acquire the data as well as post-processing of the results. The
A(8) values of WBV and HAV are calculated according to the respective standards,
and those values for three cases are shown in Table 76.6. It is evident from Table
76.6 that the operator comfort values are within the EAV for the AVM set-3. Hence,
it is decided to proceed with AVM set-3.

76.5 Conclusion

TheWBV and HAV are used as measures of operator comfort of a Vibratory Tandem
Compactor. In order to have a better operator comfort, the natural frequencies of the
operator platform should be away from the machine operating frequencies. Finite
element analysis is used to find the natural frequencies of the operator platform.
Moreover, FEA is used to arrive at the right AVM for the operator platform in order
to achieve better operator comfort. The experimental work is carried out to validate
the finite element approach. In future, this FEA approach will be used to finalize the
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operator compartment design prior to practical testing with an objective of reducing
the development cost and time and ensuring the operator comfort.
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Chapter 77
Harnessing Immersive Technology
with Art and Design: A Conceptual
Design Procedure with the Aid of Virtual
Reality

Sumana Som, Deepak John Mathew, and Kim Vincs

Abstract Art and design are increasingly crucial in Indian school curricula. Lack
of specific instructional pedagogy, schools, follows a different methodology to teach
art. Therefore, most students neither achieve a basic understanding of creating art nor
develop design or skill. Although the article art education in India 2010 reported that
it is an essential tool for equipping students to stimulate cognitive development and
encourage innovative and creative thinking. Furthermore, it also emphasizes using
electronic media aids to teach this subject. Nevertheless, most schools are giving
less importance to teaching art and do not take the initiative to develop better peda-
gogy. However, education pedagogy in recent decades has struggled to develop new
methods and tools for better learning. Virtual reality (VR) is one of the meaningful
solutions to technology-driven pedagogy. It allows us to visualize abstract content,
provide information with clarity, and actively participate in the learning environ-
ment. In this study, the researcher introduced a teaching–learning design concept
using virtual reality technology so that the sixth standard student could learn art and
design in the VR environment. The content is developed on elements of art, and the
topics have been chosen from the National Council of Educational Research and
Training (NCERT) art education program. The result of this study shows the proce-
dure and criteria for content design with the aid of virtual reality for the study of art
and design. Besides, this study examines aspects of how virtual reality helps in terms
of designing the teaching strategy.
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77.1 Introduction

It is worldwide accepted that art and design have a significant role in school education
[1]. According to John Dewey, art is not only a simple utilitarian character or a mere
instrument but it also transcends the legacy of culture, history, and politics and has
a crucial role in the educational process [2]. Art and education relationships show
diverse pathways to innovate new ideas and incubate interdisciplinary possibilities.
The presence of art in education offers a dynamic teaching practice that can exhilarate
knowledge, cognition, and sensitiveness of young children [3]. The art apprentice and
guild system’s legacy carried a vital role in the early Indian education system. It is a
learning of high aesthetic sensibility, sufficient technical skill to handle the medium
and blendwith creative literature that invigorates the holistic learning [4]. Indeed, the
subject art and design can amplify the scope of ideation and energize other disciplines
by incorporating cross-curricular activities. Although there is a confutation about
how to teach art, the subject itself covered a large area of creativity, innovation, and
aesthetics. To create an art or design work requires intellectual concern of cultural,
political, personal, and ethical aspects [5].

However, there are many significant strategies to develop good course design
and curriculum for arts and design at the school level. In 1979, Chicago Board of
Education published an art curriculum guide for secondary school. In which, explic-
itly instructed how to guide hands-on learning [6]. A well-structured course design
prescribed by Efland (2002) ‘line of progress’ by teaching the history of art, the
process of interpretation of the artwork, ‘teaching formalism’ or developing proce-
dural knowledge to make artwork [7]. Clarkson [10] suggested an art curriculum
that provides a model to educate the imagination and cognitive attitude, which
can bridge the inner world of mythos and the outer world of logos [8]. The Art
National Curriculum for England designed a two-stage curriculum strategy; stage
one called attainment target 1 that deals with investigating and making to record,
using resources, different materials, and settings. Stage two called attainment target 2
that encompasses knowledge and understanding in order to review, verifying, knowl-
edge of the different types of art, different period, culture, and tradition [9]. In India,
NCERT visual art program comprises handling materials, concepts, and knowledge
development in the contemporary and historical context. The suggested contents
are objects, people, tradition, environment, and experience-based exercises [10]. To
develop a content and curriculum for art and design education, some significant
factors are carried out, firstly, hands-on skill development by handling materials.
Secondly, enhance knowledge and cognition by developing a sense of aesthetics,
cultural concern, and historical awareness. Thirdly, engage students for the invocation
of new ideas out of their experience of learning.

In the last few decades, many changes have done in curriculum. Inclusion of
crafts, design, and technology are combined into an integrated art curriculum. With
the advanced technology, education pedagogy has changed, and the fusion of art and
technology changed the focus from the only art education to technology-aided art and
design education [11]. In the new paradigm of technology-based curriculum meets
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the criteria of creative and collaborative pedagogy [12]. Virtual reality (VR) is one
of the meaningful solutions to technology-driven pedagogy. It provides a super real,
simulation-based environment for teaching and training. The teacher can explain the
topic in many possible ways and make the student understand quickly. Besides, a
playful interactive teaching design can enhance learning motivation, engage more
deeply, and inspire the student to learn. There are a couple of studies that show
the inclusion of VR in art education [13, 14] collaborative art project [15]. On the
other hand, art and design study is increasingly important in school level, and the
traditional teaching method needs to be reformed with efficient modern tool [16].

The subject of art itself an interdisciplinary course; it could play the role of a
communicator and develop a cross-curricular activity. Indian art education system
is diversified into various topics, but it is alienated from other subjects. Some of the
schools follow craft practice, some theoretical practice assignments, such as a small
document of Mahbubani painting and copying the style or imitate any western-style
painting. Some of the schools doing mixed-method practices such as object study,
crafting usable products by using eco-friendly or waste materials. Application of
teaching tools are traditional such as verbal demonstration, instruction of methods,
and provide an example of charts and images. For instance, students are learning the
only imitation not developing their new idea. In terms of applying new technology,
VR is not yet broadly implemented in the school scenario. There is not a suggested
pattern on how to create content that can run into the VR environment. Therefore,
this study focusses on establishing a pattern to create cross-curricular content with
the aid of VR. It introduces basic workflow to develop a VR environment. The study
explicitly discusses the synergy of teacher’s artistic practice with VR and classroom
teaching.

77.2 Literature Review

The study reviews the existing knowledge based on the application of virtual reality
on art and design education, VR environment design framework, and content devel-
opment with a cross-curricular approach. The study pointed on the linkages of peda-
gogy and practiced art and design in order to cross-curricular classroom activity and
creative VR environment design.

77.2.1 Pedagogy and Practice of Art and Design with the Aid
of Virtual Reality

The effects of art and design pedagogy with VR aids are two-fold. VR tech-
nology enables the effective teaching–learning with visualization of abstract content,
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providing information with enhanced clarity, [17]. As well as if the artist collabo-
rates with this digital medium, it can push the limitation beyond their practice and
conventional wisdom. It can open up the new horizon of inquiry. Therefore, an art
educator can proceed into practice to do exploratory research with this medium as
well as he/she can teach in this similar mode. For instance, an artist or an art educator
creates a work of art with digital tools and uses this interactive work of art or design
teacher to teach students [18]. Here, an artist’s work is not only subjected as an artist’s
vision or thoughtful imagery expression but also it serves an open interactive space
for viewer [19]. In this case, the artist works as a catalyst and connected missing
link between art and design education and practice, open up the more substantial
opportunity to art, design, and technology collaboration. According to Matthew J.
Koehler and Punya Mishra (2006), practice of teaching requires an interweaving
of different kinds of knowledge. Integrating technology with pedagogy and content
knowledge is one of the critical parts of effective teaching. Teachers should know
the nature of technology and how the procedure of inclusion of technology with
content and pedagogy [20, 21]. In the Indian school scenario, art education peda-
gogy is not implemented with virtual reality technology. Besides, there are not any
suggested outline to develop technological pedagogical and content knowledge for
art and design.

77.2.2 Benefits of VR-Based Cross-Curricular Approach
in Art and Design Pedagogy

The concept of cross-curricular teaching–learning has potential, and it has been
proved in science, language, and technology education. The actual meaning of cross-
curricular practice is the formation of links between seemingly separate curriculum
subjects can enhance people learning and make an impact on their cognitive under-
standing and have a significant impact on the development of core and transferable
skills [22]. This cross-curricular approach to pedagogical design is characterized
by a synthesis of knowledge, skill, and understanding from the various subject areas
where a number of different disciplines are applied to a single experience or idea [23].
According to Richard Harris et al. (2011–15), decision to construct cross-curriculum
more or less depend and supportive of teachers’ understanding of subject knowledge
and identify the way to club with other subjects [24]. Application of cross-curricular
approach within technology and art has outlined four principles; first, technology
should be specific, and teachers need to be actively practiced with the technology to
produce art. Second, the principal stated the threeways to build the bridge technology
and subject by creatively, culturally, and educationally. The third principal pointed to
the procedure of technology-aided cross-curricular activity that should empower and
embrace the students. Forth principal says the technology embedded pedagogy must
provide a different experience from existing practice that empowering the feature of
contents and procedural knowledge [25].
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77.2.3 Virtual Reality Environment Design Framework

Brian C. Nelson et al. (2012) described the development process of the virtual world.
According to him, to create a basic design of the VR environment, commercially,
people follow ADDIE (Analysis, Design, Development, Implement, and Evaluate).
In some streamline, he has prescribed eight stapeses; table read, resources listing,
resources gathering, recourses creation, geography creation-3D object placing, GUI
creation, programming, testing [26]. To develop the VR-aided curricula, the first
and foremost criteria for finding the need or problem will depend on VR-based
environmental instruction to facilitate easy learning. The second criteria are the
target audience, the age group, familiaritywith the content, technological knowledge,
and language. The third point is to focus on learning objectives through VR aided
environment. In the fine stage, the focus needs to shift content organization, content
description, and storyboard creation [26]. A study done byNikiforosM. Papachristos
et al. (2014) described the impact of theVR environment on educational settings. The
study concluded that the environment’s design needs to change with the complexity
and needs of students in pursuit of the topic [27]. Pierre H Routhier [32] states that
the content creator’s perspective needs to be clear in which instructional problems
facilitate in an immersive environment. In this context, the content creator’s objective
and combination of technology-based activity need to match [28].

77.3 Statement of Problem

Developing core curricula of art and design with the aid of virtual reality for middle
school children is not so far practiced. To create a VR-based curricula are required
to understand four significant points; first, find out a particular area of the subject
requires VR implementation [29]. Second, consider the mode of interaction with the
topic, whether it is based on navigation and observation or action with interaction
[27].Third, figure out the time consumption of VR tools with the lesson and forth
is the ease of use of these tools and applications [26]. Although some applications
have developed for environmental art education [30] or game-based teaching with
particular art form [31] but a VR aided syllabus for art and design for a particular
class with cross-curricular activities is not so far developed. The VR-aided cross-
curricular activity could incorporate the imagery influences of other subjects. For
instance, choose any other subject topic and connect with a problem-based design
and art study. In this case, art educators must find out what are the art lessons have
possible channels to connect with the VR environment and find out the possible way
to relate to other subjects.
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77.4 Methodology

This study aims to identify the practical process of the creation of a VR-based art
and design curriculum. A practice-based researchmethodology [32] has been chosen
to achieve the aim, and a more natural method is described to develop the same.
To support the artistic approach to developing a VR-based art and design content,
the researcher used observation-based field notes, semi-structured interviews of art
and craft teachers, and a detailed review of the sixth standard NCERT art, science,
geography, and history syllabus.

In this research process, artistic practice is aligned with content development.
This study aims to create as much as possible a more accessible mode of VR-based
content creation and environment design for art and design education.

77.5 VR-Aided Content Development of Art and Design
for Sixth Standard

To develop VR-aided pedagogy, first researcher has conducted semi-structured inter-
view with ten art and craft teacher from same set of school. The interview contained
an in-depth discussion on the activity usually practiced for art and design learning, the
tools used for practice, and the new method they intended to do with class. Besides,
researchers have scrutinized the art and design syllabus prescribed by the National
Council of Educational Research and Training (NCERT). Along with history, geog-
raphy, and general science lessons intensely seen to find out the possibility to inter-
twine with art and design syllabus. The topics are selected by evaluating its level of
difficulties; those are complex to teach in traditional demonstration teachingmethods.
For instance, line, value, shape, and form could be taught in the ‘chalk and talk’
method but may not provide a clear understanding of the core concept. To make the
topic more relevant, it linked with other subjects like history, geography, and science.
Such as, the topic shape and form can be teached through the historical reference
of stone tool, terracotta toy, reference from science ‘different natural objects’ and
‘changes around us’ and reference from geography, chapter ‘globe’ can be used for
example or study material to teach art and design. Table 77.1 provides a glance at
which particular lessons can fit the art and design study and what particular elements
can come into the VR environment.

77.6 Framework for Content and Scene Design

After an in-depth discussion with ten teachers, researcher pointed out four impor-
tant aspects: connectivity, image reference, mode of visualization, and translation.
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Table 77.1 Application of virtual reality and topic combination of art and design with history,
geography, and general science

Art and design Technology
application

History Geography General science

• Line
• Strokes
• Texture
• Value
• Pattern
• Balance
• Order

Virtual
reality

Findings from
past: Old
inscription Painted
pottery
Coin

Components of
map: Direction
Conventional
symbol, Grid
Major landform of
the earth (Images
can be manipulated
for example)

• Shape
• Form
• Feasibility

Virtual
reality

Earliest city:
Stone tool
Terracotta toy
Stone statue
Seal

Globe: Latitude and
longitude

Different natural
objects
Changes around
us

• Perspective
• Size Balance

Virtual
reality

Earliest city:
Harappa and
Mohenjo-Daro
architectures and
pottery

Atmosphere and
biosphere
Good example of
Arial and linier
perspective

Throughout the discussion, a conceptual design has been developed that could be
one way to recreate new pedagogy without changing existing syllabus.

Followed by four prescribed points and Robson’s characteristics of naturalistic
inquiry [32], the study finds out a strategic way that could help art educator to
develop VR-based art and design content. Figure 77.1 shows the germination of a

Fig. 77.1 A naturalistic approach to develop VR-based art and design content



962 S. Som et al.

green pea in which stem and roots represent the connectivity; the subject area of
art that could be connect with geography, science, and history, and develop a VR-
based cross-curricular art and design content. The middle part, germinating pea,
represents image reference and mode of visualization. This part includes where from
and how images will be collected and represented in 3D space. The stages are as
follows: 1. the images from textbooks for 3D model, 2. local design elements (crafts
and utility objects), and geographical landscape for the VR environment, 3. textual
description and information to identify the problem, and 4. scripted activity with VR
tool (head-mounted device (HMD) and hand controller). The cotyledon or embryonic
leaf represents translation of cross-curricular VR-based art and design content.

77.6.1 Environment Design: Least of 3D Models

By following the design outline, researcher developed VR environment that contains
64models that aremajorly referred from the textbook of the sixth standard (NCERT).
Reference images from the history textbook and 3Dmodels are developed following
the picture (Fig. 77.2). Likewise, the rest of the models is referenced in the book
of geography and general science. Some exceptional models are developed from
local art, craft, and ready-made, not directly related to the textbook. However, the
students are familiar with this art forms and objects. Such as Indian brush oil lamp,
block print patterns, woven fabric pattern, and folk paintings. These models are
representing the images of the textbook or contemporary ready-made, but they also
bridge the period-wise usability of objects from past to present, the legacy of need-
based, and institutional design development. To make the 3d model, Autodesk Maya
software has been chosen and Substance Painter for texturing. These two softwares
are well equipped with tools and easy to plugin with each other and Unity 5 software.

77.6.2 Environment Design: Scene Navigation
and Interactions

The structural arrangement of the VR scene is a crucial part of the developing
environment. Space needs to be naturalistic, where students can walk, interact, and
explore things with an immersive experience. To provide them with a realistic simu-
lation, the environment required a naturalistic space division, size, and placing of
objects according to life-size and formulate the pathway for their natural movement.
However, art educators could change the placement or size of objects purposefully.
Content-wise five virtual tables are placed in the environment. Each table repre-
sents separate topics; students and teachers can explore it with the hand controller
(Fig. 77.3). Unity 5 software has used to develop the 3D environment. To look
around and navigate the VR environment, HTC VIVE accessories (Hand controller
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Fig. 77.2 Reference images and 3D models

and HMD) are used. Head-mounted display for users to observe surroundings and
the hand controller for interaction with objects and navigation in the environment.
There are a few drawbacks and limitations in this VR environment, such as teachers
need good software skills to make the content. Teaching time needs to adjust to a
VR-based teaching tool.

77.7 Application and Results

The VR environment tested with a small group of sixth standard students (Pilot test,
sample 6). The test was based on skill, observation, and knowledge of visualization
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Fig. 77.3 Virtual reality environment, content-wise interaction table and teachers are experiencing

development of students. There are significant changes observed in the student’s
performance after experienced in VR environments. Besides, teachers’ qualitative
responses mainly highlighted the efficacy of teaching–learning, engaging strategy
for reluctant learners, and exploring new space without leaving the classroom. The
prescribed framework (Fig. 77..1) for content and scene design is a useful guideline
for art educators. The teacher’s responses in this section highlighted a step-by-step
strategy for conceptualizing content and visuals, image collection (Fig. 77..2), and
connectivity creation.

77.8 Conclusion

Develop a synergy within the educator’s artistic practice and the teaching of art and
design using virtual reality; it is necessary to determine the roots of the teaching–
learning objectives. To cultivate the practice of art and design education, school is
the right place to introduce creative practice learning fundamentals. On the other
hand, the teaching–learning of art and design curriculum is not one-sided practice.
It includes artists, artisans, and designer collaboration with various mediums such
as local objects, redemands, and digital technologies to develop innovative design
and a new work style. The inclusion of a new style of work helps develop a new
pedagogy that feeds young children’s education [33].
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This VR environment carries two significant characteristics; one is a close rela-
tion with four subjects (Science, geography, history, and art and craft) of sixth
standard. For example, the objects in the VR environment are mostly taken from
history or geography lessons. These objects, such as Great Bath and carts devel-
oped from terracotta models, are derived from history (Indus Valley Civilization),
whilst small objects like lamps, bread rollers, and charkha are taken from general
science. Secondly, this VR environment replicates a unique artistic utopian society
that shows a balanced ecosystem, primary needs of life, a basic understanding of
society’s system, and development of habits. The environment shows the road with
a zebra crossing, two types of dustbin for natural waste and plastic waste, and
many more. The VR environment shows the form of a tree, replicating the 3D form
ofMahbubani, Warli, and Indian miniature paintings.. In this endeavor, a small effort
has taken to reduce alienation and give more advocacy of art and design subject (as
it is called extracurricular activity) in the school curriculum. In addition, thorough
out the VR-based journey with familiar objects and the environment, students will
get the opportunity of minute observation. It can generate their inquisitiveness and
innovative mindset.

The technology-driven pedagogy in the area of art and design is notmuchpracticed
in Indian schools. Due to the technophobic attitude of art, educators are not ready
to use the digital tool and not even developed a technology-blended curriculum for
art and design study. This study shows an effective way to develop art and design
curriculum with VR aid. It is not only the VR-based pedagogy but also an artist or
an art educator who can develop their work of art and bring into the area of school
education. In this process, an artist or an art educator can make the synergy between
art and design education and artist or designers’ practice.

On the other hand, designing content for school or create a work of art with VR
tools is not one handwork. In this case, either artist or designer needs to develop an
application to create and execute the artwork or depend on the existing system [34].
This VR technology integration into art and design platform will provide a mean-
ingful engagement of the artist, the digital system, and the viewer as a ‘trialogue.’
Therefore, it required an active collaboration of art, design, and technology. This
type of collaborative work can make the synergy between art and design education
and practice.
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Chapter 78
Comparative Aerodynamic Performance
Analysis on Modified UAV’s Propeller
by Using CFD

Prisha K. Asher, K. Deviparameswari, B. Feonsa Antonitta, S. Meenakshi,
R. Vijayanandh, and M. Senthil Kumar

Abstract In multi-rotor Unmanned Aerial Vehicles (UAVs), the propeller and its
noise generation are plays a focal position in the determination of the radar signa-
ture. Because of this detection possibility, the implementations of compact UAV
in surveillance-based applications have been reduced. Therefore, nowadays, huge
research is going on the noise reduction techniques in the UAV’s propeller, in which
propeller’s profile modification technique primarily reduces the noise generation.
But the research on noise reduction is the failure to include the primary consider-
ation, which are aerodynamic parameters such as lift, drag, etc. In this work deals
with the comparative aerodynamic performance analysis on various modified UAV’s
propeller, in which six conceptual designs of propellers are analyzed. The base
propeller and five other profile modified propellers are used in this work. The final-
ized fundamental platform of this work is bull-nose propeller, which has a 4.5-inch
pitch, 5-inch diameter and can provide 500 g average thrust. CATIA is an advanced
modeling tool, which is supported a lot for all the models’ construction. An advanced
CFD numerical tool, i.e., Ansys fluent is used in this work for the prediction of aero-
dynamic performance parameters for all the models. Finally, based on exit velocity
and thrust, the propeller optimization and its edge modification are obtained by using
CFD’s numerical tool.

78.1 Introduction About Propeller and Its Importance
in the UAV

Generally, the construction of multi-rotor Unmanned Aerial Vehicles (UAVs) is
comprised of two groups which are electrical cum electronics working group and the
aero-mechanical group. This work deals with the aerodynamic performance analysis
on one of the components under the aero-mechanical group. The aero-mechanical
group includes the following components: propeller, airframe, landing gear [1]. In
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which propeller is more complicated than others that complexity is derived from
its working and geometrical nature. Also, the propeller is the device, which has a
huge platform for upcoming researches such as lift enhancement, noise reduction,
design optimization, etc. [2]. The important parts of the propeller are the hub, tip,
leading edge, trailing edge. Based on the positions of the leading edge toward air inci-
dent direction, the two types of propellers are available in the propulsive system of a
UAV. The types are clock-wise rotational propeller and counter clock-wise rotational
propeller, which are primarily supported a lot in the provision of a stable platform
[3]. Aerofoil shape is the fundamental origin of this propeller, in which the aerofoil
is twisted with different angles from the propeller’s hub to tip. To attain variational
speed throughout the section of the propeller, i.e., from hub to tip, the different pitch
angles are implemented. Because of these twisting angles imposition, the useful
lift force is generated under rotating conditions [4]. In rotodynamic conditions, the
kinetic energy of the rotor is transferred to air fluid, and thereby, it gets energized.
Due to this imparted kinetic energy, the air fluids are started to move in the pushing
down manner with the help of the aerodynamic profile of the propeller. Therefore,
to get upward force in a multi-rotor UAV through the propeller, the rotodynamic
working nature and its advanced geometrical nature are plays a focal role. Apart
from these factors, the diameter of the propeller and its pitch angle, which deals
with the relationship between one RPM of the propeller with respect to its forward
movement, is fundamental selection parameters used in the UAVs [5].

78.2 Literature Survey

In an experimental study done in China, a comparative aeroacoustic and aerodynamic
analysis was done with normal baseline and modified propeller which had serrations
on the trailing edge testing them in different conditions like hovering, and during
the forward flight, the results showed that there had been a reduction of noise during
testing them in forwarding flight by the serrated propellers up to 12 dBs and showed
a decreased lift and drag by 5 percent but there was no change in the lift by drag ratio
with bases on the advanced ratio. A computational study with serrations on trailing
edge of the wing with airfoil NACA 0012 was done in [4], in which the author was
analyzed the flow pattern, and vorticity was obtained also conducted a wind tunnel
test and found that serrations allowed the flap to retract at higher angles of attack.

A study of an OwlWing with Leading Edge Serrations by Shinichiro ITO [6], the
jigsawbladeswere inserted into the leading edge of an owlwingwith different cutting
teeth serrations. From this experiment, itwas concluded that the airfoil had an increase
in the lift with fine serrations at low Reynolds number, and the flow separation
was controlled by fine serrations at the leading edge. A study of optimization of
leading edge undulation of a NACA 65(12)-10 airfoil was investigated in [8], in
which the optimization of LEU had been done with three different amplitudes and
the wavelength. The aerodynamic characteristics were measured at the Reynolds
number of 105. It was concluded that the maximum noise reduction is obtained with
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small wavelength and high amplitude,which producedmore lift when thewavelength
and amplitude are more. It was observed that owl species possess larger wings as
compared to their bodyweight,which enablesflight at lower velocities.Asflight noise
emission depends on flight velocity, the leading edge serrations naturally present at
their wings change the airflow and thus reduce noise emissions. These serrations
stabilize flow over a large range of velocities and angle of attack. In the Fourier
domain, the noise footprint of conventional propellers consists of two main noise
components, i.e., tonal and broadband [10].

The optimized geometry of the propellerwith acoustic constraints resulted in noise
reduction for specific operating configurations only. The saw tooth serration pattern
at Trailing Edge (TE ) was seen to have reduced the broadband noise component. The
use of porous as well as meta-materials to reduce TE noise proved to be a highly effi-
cient sound barrier for target frequencies also. The total noise produced by UAV has
been fully relayed on airfoil self-noise, which taking a larger percentage over inflow
turbulence noise. Among five types of airfoil self-noise generation mechanisms, four
of them are affiliated to the flow interaction between turbulent and trailing edge. An
experimental study was conducted [12], which shown that non-identical propellers
with serrations at the trailing edge which are differentiated by their ratio between
width of serration and half of serration height were produced the same amount of
lift compared to the baseline propeller, and rotational speed of the serrated trailing
edge propellers was decreased due to induced drag. With the same amount of power
input, propellers with serrated trailing edge were produced the same amount of thrust
compared to baseline propeller. A numerical study on leading edge tubercles [14],
which conferred that propeller with leading edge tubercles with lower wavelength,
came up with improved lift coefficient which leads to higher propeller efficiency and
has meliorated efficiency at the larger diameter-to-pitch ratio.

78.3 Problem Definition and Solution Techniques

a. Problem Definition [Summary of Literature Survey]
Nowadays, lots of researchers are going on the field of the propeller and its aero-
acoustic effect. Most of the scientific works are been executed on the design
optimization on UAV’s propeller to attain high lift with low drag, to reduce the
aero-acoustic effect, etc. The major aerodynamic components such as aircraft
wing, horizontal axis wind turbines, and vertical axis wind turbines have been
executed the modifications on their both leading and trailing edges to increase
their aerodynamic performances [7]. The curvy cut, saw tooth cut, aerofoil cut
were generally used as an aerodynamic force enhancement techniques, which
are beenmostly implemented in the leading edge. Some of the exceptional cases
such as wingtip, flaps, and hydro rotors were equipped with the techniques at
their trailing edges. Apart from these modifications, a flat and thin plate-based
techniquehas been implemented in the trailing edgeof aerodynamic components
to reduce the drag. All of these inputs are provided the clear path for the lift
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enhancement technique and its positions on the propeller for this current work
[9]. While coming to the methodology section, the two engineering approaches
have beenused to test the aerodynamic behavior on the relevant components. The
methodologies are experimental test andComputational FluidDynamics (CFD)-
based simulation, in which most of the aerodynamic analyses were executed
with the help of CFD simulations. Because of these huge implementations, the
pre-processor steps are available to everyone [11]. Especially, the boundary
conditions such as type of solver, type of turbulence model, quantity and quality
of turbulence model are easily available data to the new researchers. The high
amounts of analyses were used velocity inlet to their problems. Thus, with these
inputs, the CFD simulations are executed in these comprehensive aerodynamic
analyses on various propellers [13].

b. Solution Techniques – CFD Analysis
In this work, analyses the comparative aerodynamic performance on a UAV’s
propeller by using CFD tool, i.e., Ansys fluent. The fundamental aim of this
work is to select the suitable lift enhancement technique for UAV’s propeller. In
this regard, six different designs are modeled, in which five conceptual designs
are comprised of a propeller with edge modifications, and the other one is the
conceptual design of base propeller. The techniques implemented in the 5-inch
diameter propeller are curvy cut saw tooth cut, aero cut, etc., and in general,
the profile modifications in the UAV’s propeller is executed for noise reduction.
From the literature survey, it was clearly understood that the noise induced due
to the abnormal environment is reduced [1, 2]. Nowadays, UAV industry needs
a quite propeller so the design modifications-based propellers are suggested a
lot for the construction of quite UAV. But the problem along with these types
of profile modified propellers may have a chance to generate low-aerodynamic
forces. Hence, the conduction of an integrated study is very important in the
updated propellers to increase the implementation of the UAVs in real-time
applications. The steady- and pressure-based turbulent flow is used as funda-
mental behavior to the working fluid for all these analyses. The aerodynamic
parameters such as lift, drag, CL, CD are used as selection parameters for this
comparative analysis [15, 16and17].

c. Conceptual Design of various propellers
UAV’s propeller and its designs are the key role of this aerodynamic performance
investigation. From the previous work, it was understood that propeller with saw
tooth cut has been provided the low turbulence noise than base propellers. Thus,
in this work, the aerodynamic performance of low acoustic profiled propellers
is computed, in which the conceptual design of all the propellers are used from
the literature survey [18, 19,and20]. Figures 78.1, 78.2, 78.3, 78.4, and 78.5 are
revealed the conceptual design of propellers with saw tooth cuts, in which the
locations of the saw tooth cuts are formed at the various edges of the propellers
such as both leading edges, both trailing edges, one leading edge cum one
trailing edge, only one trailing edge. Apart from these saw tooth cuts, the one
more relevant cut is located at the leading edges of the propeller, which is v-cut.



78 Comparative Aerodynamic Performance Analysis on Modified … 973

Fig. 78.1 Conceptual design of propeller with saw tooth cut at one TE and one LE

Fig. 78.2 Conceptual design of propeller with saw tooth cut at both LEs

Fig. 78.3 Conceptual design of propeller with saw tooth cut at both TEs
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Fig. 78.4 Conceptual design of propeller with saw tooth cut at one TE and one end free

Fig. 78.5 Conceptual design of propeller with curved cut on both Les

d. Discretization

The unstructured grids are employed in this discretization process because the
indented numerical technique for this CFD tool is Finite Volume Method (FVM).
Computationally, the FVM technique is fit for both structural and unstructural grids,
so in this work, purposively unstructural grids are employed, and thereby, centroid-
based FVM is implemented in the computation stage. The fine proximity and fine
curvature sizing based mesh facilities are implemented in this discretization phase
[21, 22,and23].The typicalmeshed structure onbase propeller is revealed inFig. 78.6,
in which the quality of mesh is attained as 0.92, and very few elements are formed
as aspect ratio of 1.2. In addition to this base process, the grid convergence study has
been organized on the BOTH LE Propeller for the given velocity of 10 m/s, and the
comprehensive data are revealed in Fig. 78.7.
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Fig. 78.6 Discretized structure of the UAV’s base propeller

Fig. 78.7 Grid convergence test on BOTH LE Propeller for 10 m/s

78.4 Computational Fluid Dynamics (CFD) Results

The computational analyses on UAV’s propeller are executed under pressure based
solver circumstances, wherein the turbulent flow, velocity inlet, second order
governing equations are effectively contributed and supported in computation
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process. The eddy formation is primary outcome of UAV’s propeller for all kind of
phenomenon so the prediction of eddy has been principal motto of this investigation,
which guided the author to apply k-epsilon turbulence model relayed simulation
on these UAV’s propellers. The solution control is predominant role in turbulent
flow-based computations, in which pressure–velocity coupling scheme, pressure,
velocity, turbulent kinetic energy, turbulent eddy dissipation-based equations’ orders
are undergone utmost care, and thus, the numerical simulations are carried out.

Figures 78.8, 78.9, 78.10, and 78.11 are revealed the CFD outcomes of UAV’s
propellers, wherein the velocity variations over the rotor, pressure impact on
propeller, and drag force generated are computed predominantly. The comparative

Fig. 78.8 Pressure cum drag force estimations on propeller equipped with V-Cut

Fig. 78.9 Velocity distributions over propeller equipped with V-Cut at both LEs
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Fig. 78.10 Pressure cum drag force estimations on propeller equipped with saw tooth cut at 1-LE

Fig. 78.11 Velocity distributions over propeller equipped with saw tooth cut at 1-LE

numerical results are shown in Figs. 78.12 and 78.13. The drag and exit velocities
are considered as important selection parameters so the streamlines and planes are
used for the successful capturization of aforementioned performance parameters.

From the comparative Figs. 78.12 and 78.13, it has been understood that the saw
tooth cuts loaded on the edges of the UAV’s propeller are performed better than
base propeller. From this comparative, CFD analyses are predicted that the saw tooth
cuts-based edge modification techniques have the full capability to provide good
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aeroacoustic and aerodynamic performance than other propellers. Also, this kind of
design modification on propeller is most suitable to survive in the military-based
applications.

78.5 Conclusions

The conceptual designs of all the propellers are modeled with the help of CATIA, in
which the dimensions of both propellers and the edge modifications techniques are
obtained from standard literature surveys. The saw tooth-based edge modifications
are primary targeted techniques of thiswork so based on that, four different propellers
are modeled. Apart from that, one unique edge modification is also located on
propeller’s edge. The acceptable quality-based discretization process is constructed,
which have the capability to provide robustness in the computational outcome. The
standards cum reliable boundary conditions are implemented in the CFD analyses,
and thereby, the numerical simulations are carried out on all the six propellers. From
the results, the following conclusions are obtained: 1. the induced velocity of the fluid
by propeller modified with saw tooth cuts at its both leading edges is higher than the
base propellers. 2. The drag force generation is slightly higher in the edge modified



78 Comparative Aerodynamic Performance Analysis on Modified … 979

propellers than base propeller. Thus, the saw tooth cut-based edge modification is
capable to provide required thrust with low acoustic levels.
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Chapter 79
Prototype-Driven Innovation:
Propositions Based on Challenges
and Opportunities

Supradip Das and Amarendra Kumar Das

Abstract Existing new product development (NPD) methods are specification
driven, where product specifications are typically made before prototyping starts.
The existing method does not allow enough space for modification because of the
association of sunk cost. Hence, the prototype-driven specification would enhance
new product development with better prototype experience. But the prototype-driven
approach does not have structured tools and methods to foster. Hence, it is very diffi-
cult to introduce and practice in design education. Systematic literature review had
been done to identify the drivers, principles or guidelines and support tools in proto-
typing and prototype-driven new product development process. A structured and
sequential process is followed to illustrate the initial reference model and impact
model to identify the means that may foster the emergence of prototype-driven new
product development from design education perspective. This state-of-the-art review
also describes, discusses and connects the existing research to articulate propositions,
which would help the future research in prototype-driven innovation.

79.1 Introduction

The capacity to do innovation and transform their own environment is one of the
noteworthy accomplishment of the human species’ [1]. A couple of decades back,
innovation was considered as sporadic craftsmanship and selected individuals were
considered as equipped for creating innovation. The innovation paradigm shifted
in terms of 1. Nature: The nature of innovation changed from art to science [2].
Innovation has practical theories with associated taxonomies of the structure now,
2. Strategy: Innovation strategy changed from basic science invention driven [3] to
prototype driven [4] to design driven to meaning strategy [5] to Brand driven [6]. In
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Fig. 79.1 Juxtaposition of design, innovation and new product development process

all the cases of product innovation strategy, the vantage point for the perspective is
different, but the overarching goals for product innovation in all cases are the same. It
follows the funnel model of the innovation process [7]. Product innovation examines
the need for innovative products and processes, and so as new product development
process (NPD). NPD plays in providing a strategic process to create a successful
product launch [8]. Because of the similarity and natural occurrence of the steps
involved in new product development [9] and innovation [7], design is implicitly
part of the innovation process [10] (Fig. 79.1).

Though there are well-structured processes available, the numbers of successful
innovations is less. Literature suggests that the prototype-driven approach would
enhance the process of innovation and reduces the risk of failure [4]. But limited
studies are available in this area to develop tools and methods to enhance the process.
The following section of the paper illustrates the systematic effort to identify the
challenges and opportunities for developing propositions.

79.2 Literature Review

Blessing and Chakrabarti [11] suggested a systematic and sequential process for
research clarification, based on which literature review had been done. Literature
was searched from the database of publishers such as Elsevier, Scopus, Inderscience,
INSPEC, Thompson Reuters, Proquest, CommonGround Research Network, SAGE
and also from the database of the societies related to design, such as Design Society
and Design Research Society. Literature from the journals was also reviewed which
are design-related or design-focused identified by Gemser et al. [12]. To make the
literature review focused, areas of relevance and contribution (ARC) diagram were
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Fig. 79.2 Areas of relevance and contribution (ARC) diagram

made (Fig. 79.2), which represents and clarifies the foundation on which research is
to be based and areas of contribution.

These are the following data that has been extracted from the screened articles:

(a) Definitions
(b) Drivers
(c) Principles
(d) Context
(e) Tools and techniques
(f) Prototyping in the early design phase
(g) Requirement

79.3 Prototype in Design, NPD and Innovation

According to Henry Chesbrough, “Most innovations fail. And companies that don’t
innovate die” [13]. This statement is an oxymoron. On the one hand, innovation is
essential and on the other hand, endeavours to innovate are full of risks. Therefore,
it is important to analyse the reason for failure in the innovation process. Literature
review reveals these following whys and wherefores:

(A) Analysis of the innovation phases shows that undesirable project terminations
are frequently occurring at two points (Fig. 79.3) in the innovation process: a) after
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Fig. 79.3 Frequent unwanted project termination points

selections are made for product development, b) after introducing the product to the
market [14]. Therefore, the innovation process should have to be re-configured in
such a way that the best idea is selected to go forward for the development phase.

(B) Products fail because they do not address the user’s experience and emotional
response. Products do not connect to their emotional journey [15].

These issues are critical and also amatter of research.However, research suggested
solutions to these issues: (A). Making a prototype early in the process is a good
measure to foster innovation culture as it inspires new ideas [15]. Failing at the
beginning of the process ensures success at the end. Design fixation with the help of
prototypes increases the possibility of selection of best idea and reduces the risk asso-
ciated with sunk cost [16]. (B) Experience prototyping [17] or collaborative proto-
typing [18] would lead to balanced functional and usable deliverable by engaging
design team members, users and clients with prototypes.

In the literature review, it is clear that design prototypes are the boundary objects
in the innovation process [19]. Besides prototypes are also an integral part of the
NPD process and different types of prototypes are there to support the NPD process
[20–22].

�Proposition 1: In case of prototype-driven design innovation, an exclusive
process model or framework has to be proposed supported by methods and tools,
where prototyping is the boundary object.

79.4 Attributes of Prototypes

Attributes of a physical model/ prototype are important because these may help to set
the success criteria for prototyping. These are the elements, which can be modified
for better prototype experience. Hence, these can be considered as the drivers for
prototyping. To understand more about the characteristics of a prototype, analysis of
the definition and objectives of the prototype are required.

According to Ulrich and Eppinger [21] “prototype is an approximation of the
product along one or more dimensions”. As stated by this definition, any object
unveiling at least one attribute of the product that is of concern to the development
team can be considered as a prototype. It means a model/ prototype (Pt) has a set of
attributes (Pa…Pn) of the products (P), but all.
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High fidelity prototype  Product (P) = Pa1+ Pa2+ Pa3+ Pa4……….Pan-1+ Pan (1)

Prototype (Pt) = Pa1+ Pa2+ Pa3+ Pa4…….Pan-1  (2) 

or

Low fidelity prototype  Prototype (Pt) = Pa1+ Pa2+ Pa3+ Pa4   (3)

The more product attribute in the prototype, the more prototype quality and expe-
rience. So, the difference between product and prototype attributes (P-Pt) defines the
quality of the prototype. But, how many attributes of the product to be incorporated
into a prototype?

Houde and Hill [23] presented a prototype model, which illustrates a three-
dimensional space which corresponds to the three attributes of the prototype such
as (1) role, which give a sense of usability; (2) look and feel, which represent
form and appearance; and (3) implementation, which demonstrates the working
principle. Later, Broek et al. [24] provided an exhaustive list of characteristics.
These are appearance, shape and design, strength and stiffness, shape accuracy, toler-
ance, geometric accuracy, texture, surface quality, application of features, material
properties, material hardness, prototype weight, colour, conductivity, transparency.

Moreover, Lim et al. [25] describe the attributes of prototypes under two different
major class, filtering dimensions, which exhibits the physical properties of the design
and manifestation dimensions, which has to be considered while crafting a proto-
type. But, specific position in the design process would give an understanding of
the purpose of the prototype. For example, in that early design phases, purpose of
the prototypes is more to explore and evaluate, and later on to communicate ideas
to audience [26]. While communicating to the audience, the degree of refinement
(fidelity) of the prototype should be at par the ability to interpret and understand and
that can be achieved by selecting the appropriate technique for crafting. Hence, an
appropriate technique selection is important for representation of the prototype for
manifestation.

�Proposition 2: To understand the dynamic behaviours of the filtering and mani-
festation dimensions for different kind of design prototype, a structured tool may be
helpful to understand easily.

79.5 Prototyping for Knowledge

To understand the impact of prototyping in the knowledge domain, understanding
of design cognition, i.e. human information processing in the design process is
important.

To solve a particular design problem, designer travels through the external world
to take information from objects (designs) and observation (context of other designs),
external and the internal archive of previous experience and learning. Referring to
all the sources, designers mentally encode a rich structure of knowledge, which are
fractal and experiential [27].
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It is important to externalize an internal mental model through multiple repre-
sentations. This process helps designers’ to select the best solution. Prior research
expounds that prototypes help to enhance designers’ incorrect mental models and
lead thembetter ideas satisfying all the design requirements [28]. It was also observed
that physical prototyping can mitigate design fixation [29].

Naïve physics’ for engineering design states that engineer’s mental models may
not be highly precise unless recurrently verified through either extensive experience
or education. That is why extensive use of physical models suggested throughout the
design process to support and enhance an engineer’s inaccurate mental models [28].

In contrast, teaching physical prototyping in design is not that simple because it
is tacit knowledge. And the transfer of tacit knowledge is costly, difficult and less
mobile [30]. It is easy to demonstrate than to articulate the tacit knowledge [31].
Learning by doing gives experience allows experimentation and helps to accumulate
tacit knowledge, which lies below the surface of conscious thought [28].

�Proposition 3: Prototyping skill is tacit knowledge. To transfer the prototype-
making knowledge, a structured do-it-yourself (DIY) tool is required to foster
learning by doing.

79.6 Prototyping Process and Supports

A fair amount of literature is available on prototyping processes. But because of
the varied meaning in different disciplines, a common process is not available.
Warfel [32] introduced an iterative and evolutionary prototyping process, which is
cyclical in nature. Exner et al. [33] investigated three dimensions of the prototyping
process, such as objectives, dimensions and fidelity, based on which a process model
was proposed. Yu et al. investigated the nature of prototyping practices between
designers and engineers to suggest a prototyping process over Exner et al., which is
more elaborative [34]. Research done by Exner et al. says that engineers focus on
the features and functional aspects of a prototype, whereas designers explore with
prototypes to understand the design space for new possibilities and explore materials
and tools, particularly for lowfidelity prototypes. Later, Hallgrimsson [35] proposed
awell-describedmodel makingworkflow. Velásquez-Posada [36] proposed a tool for
physical model making using two distinct processes adding material and subtracting
material.

In the recent past, Jessica Menold and her team proposed a theoretical framework
for prototyping called prototype for X or PFX to support product design during the
prototyping phase of the design process only [37].

The process proposed in all the literature does not have a supporting method or
tool to assist the creator of the prototype. Moreover, these processes are towards
prototype creation, not ideation. In the existing process, prototyping is a one-way
process (Fig. 79.4), where prototypes are made to manifest the abstract concepts
generated in the concept generation phase.
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Fig. 79.4 Existing process of prototyping

Also prototype is considered as merely a tool to ensure clear communication
among the design team members and aids in learning to support decision making
[38] (Fig. 79.5).

Towards prototype-driven innovation, where prototype is the boundary object and
prototyping process is the central activity, we define prototyping as, “a process to
explore and think for new concept generation”.

In the case of prototype-driven design innovation, prototyping must be a two-
way process to generate ideas. Thinking and making both should happen together
(Fig. 79.6).

�Proposition 4: Making prototype early in the process may not work for novice
designers, without any additional support of methods and tools.

�Proposition 5: During the early phases, the prototype should allow to explore,
envision, and refine mental models. Hence, exploration in the early phases with
2-dimensional sketches may not work. Exploration should be done with the
3-dimensional entity.

Fig. 79.5 Existing process of prototyping
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Fig. 79.6 Proposed model of prototyping

79.7 Reference Model and Impact Model for Future
Direction

Reference model and impact model are developed as suggested in the literature [11].
Reference diagram is prepared based on the propositions derived from the literature.
The following abbreviations were used in the reference model (Fig. 79.7):

[X]: citation number;

[A]: assumption based statement;

[E]: experience-based statement;

[O]: own investigations based statement;
Reference model represents the existing state, against which the intended devel-

opments are benchmarked. The combination of ‘+ ’ and ‘−’ signs used on the links
describes how the value of the attribute of the factor at one end influences the other
end. Assumptions are added to change the current situation. A do-it-yourself tool for
prototyping is intended to foster learning by doing and improve the issues faced by
novice designers in the reference model (Fig. 79.7).

It is assumed that do-it-yourself tool for prototypingwould have a two-way impact.
One way it would foster learning by doing. As in design discipline, students learn
through learning by doing, which allows explorations, it would help to accumulate
tacit knowledge implicitly. It is also easy to transfer knowledge from one person to
another through learning by doing. Thus, it may influence tacit technical skill and
tacit cognitive skill [30] by improving deep learning of prototyping. And literature
says proper use of prototyping knowledge would lead an enhancement in innovation.
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Fig. 79.7 Reference model

Another way, a tool for prototyping would help in reducing mean time to proto-
typing, which will help to make more number of modification within a stipulated
time. And literature says prototype-driven specification demands more number of
modification. Thus, the number of modification would influence prototype-driven
innovation with an impact in prototype-driven specification.

Impact model (Fig. 79.8) represents the desired situation and shows the assumed
impact of the support to be developed.

Reference model and impact model elucidate the opportunities and would help
for future research. Impact model illustrates that the introduction of DIY support
for prototyping, which would positively affect the knowledge of prototyping and
increased knowledge would increase the possibility of exploration by reducing the
meantime to prototyping. In the reference model, success criteria communicate the
ultimate goal to which the research intends to contribute and success factors are the
entity, which justify the cause-effect in the research. The term ‘measurable’ refers
to the possibility of measuring the factors using qualitative or quantitative research
methods.
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Fig. 79.8 Impact model

79.8 Conclusion

The important contributions of the paper are definition and propositions towards
prototype-driven innovation from design perspective. Prototype-driven innovation is
a theoretical concept and there is no concrete framework, method or tool. To bridge
the gap, we have done a systematic literature review of papers from design education
perspective.We have critically studied and connected the research to generate propo-
sitions, reference model and impact model. The research derives five propositions,
which would guide future research. A proposition is a tentative and imaginary rela-
tionship between constructs that is stated in an allegorical form. As propositions are
connects between abstract constructs, they cannot be verified directly. Instead, they
are verified indirectly by investigating the connection between associated measures
(variables) of those abstract constructs. The experimental construction of proposi-
tions will indicate an associations between variables to be considered as hypotheses
[39]. Hypothesis can be generated from all the propositions to investigate its validity.
Experiments can be designed based on the success criteria and measurable success
criteria mentioned in the reference model. Furthermore, as the impact model intends
to develop support in prototype-driven design innovation, a detail systemic approach
required to develop the tool and test.
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Chapter 80
Visuo-Locomotive Complexity as
a Component of Parametric Design
for Architecture

Vasiliki Kondyli, Mehul Bhatt, and Evgenia Spyridonos

Abstract A people-centred approach for designing large-scale built-up spaces
necessitates systematic anticipation of user’s embodied visuo-locomotive experience
from the viewpoint of human-environment interaction factors pertaining to aspects
such as navigation, wayfinding, usability. In this context, we develop a behaviour-
based visuo-locomotive complexity model that functions as a key correlate of cog-
nitive performance vis-a-vis internal navigation. We also demonstrate the model’s
implementation and application as a parametric tool for the identification andmanip-
ulation of the architectural morphology along a navigation path as per the parameters
of the proposed visuospatial complexity model. We present examples based on an
empirical study in two healthcare buildings, and showcase the manner in which
a dynamic and interactive parametric (complexity) model can promote behaviour-
based decision-making throughout the design process to maintain desired levels of
visuospatial complexity as part of a navigation or wayfinding experience.

80.1 Introduction

The design of navigation and wayfinding systems within large-scale built-up spaces
is a particularly challenging task: research in behavioural, computational, andmixed-
methods interdisciplinary approaches in spatial cognition, architecture design cog-
nition, and artificial intelligence for design have shown that diverse morphological
and ecological aspects pertaining to space, perception, and human factors consti-
tute a correlate of visuo-locomotive cognitive experience in built-up space from the
viewpoint of tasks as navigation and wayfinding [3–5, 10, 17, 23, 30].
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Visuo-Locomotive Experience DuringNavigation Visuo-locomotive experience
most broadly refers to the embodied cognitive experience of environmental space
through a multimodal perceptual integration, e.g., encompassing visual, locomotive
and auditory exploration [4, 5]. From the viewpoint of this paper, examining the
embodied experience of users through interaction with the architectural space during
active locomotion includes quantitative measurements and qualitative analysis of a
range of aspects including visual attention (e.g. fixation, saccades), fine-grained
behaviour (e.g., stopping, looking around, interacting with other people), orientation
tasks, spatial memory (e.g. sketch maps, questionnaires) etc (details in papers [6,
17]). The focus of this paper is on visuo-locomotive experience as it pertains to
aspects of visuospatial and locomotive complexity as articulated in this research.

Visuospatial and Locomotive Complexity To measure the effect of the architec-
tural spaceon thevisuo-locomotive experiencewe take into considerationbehavioural
data of perceived visuospatial stimuli with respect to the attributes involved in the
dynamic scene (e.g. form, colours, layout) (Fig. 80.1). Even though a combination
of these attributes can result to complex scenes, people are able to form a coherent
percept amid numerous regions and identify properties and semantics of a scene at
a glance [25]. Visual complexity has been broadly defined as the level of detail and
intricacy contained within the image or a scene [29]. Its effect on visual attention and
spatial cognition, and corresponding measurement methodologies have been inves-
tigated in disciplines such as cognitive science, psychology, computer science, or
marketing [9, 20, 22, 26]. With the term visuospatial and locomotive complexity
we consider the combination of visual and spatial characteristics that both coexist in
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dynamic naturalistic scenes where a person navigates [17, 19].1 Although complex-
ity can provide an interesting and cognitively stimulating environment [8], exces-
sive visual or spatial complexity can impact cognitive processes involved in visuo-
locomotive experience of people in everyday tasks such as navigation or wayfinding
[7, 11, 12].

In this paper we study the visuospatial complexity of the architectural space
from the human-centred perspective of embodied visuo-locomotive experiences. We
present a cognitive model of visuospatial and locomotive complexity that embeds
empirical knowledge on the effect of environmental and dynamic attributes on human
behaviour andwedefine a scale of complexity.We introduce themodel to a parametric
design system and demonstrate how a designer can identify Classes of complexity
for a particular path or a segment of it, as well as modify the morphology of space
along a path in order to maintain complexity to a preferable level. As currently there
is no universally accepted or empirically defined scale for visuospatial complexity
our method aims to organise and link the different attributes involved and their
contribution to a visuospatial complexity scale, however, more empirical studies are
needed to support our classification.

80.2 A Model of Visuo-Locomotive Complexity for Spatial
Design

To model visuospatial complexity based on its effect on humans during active loco-
motion, we examine the attributes involved in the naturalistic dynamic scene and
how they evolve along a navigation path. We combine empirical results from pre-
vious studies on visual and spatial complexity metrics together with the result of
a behavioural study in two healthcare facilities in the Parkland Hospital [18]. We
consider visuospatial and locomotive complexity as an implicit measure of cognitive
load [14] and inefficient navigation, and we use the behavioural analysis along the
path (through a combination of behavioural metrics such as delays, visual search
performance, ask for help, loss of orientation, etc.) to identify locations with high
complexity and further examine the present environmental and dynamic attributes.

Measuring Visuo-Locomotive Experience The model (Table 80.1) derives from
a taxonomy of objective physical attributes from the scene analysis that affects visu-
ospatial perception and cognitive functions (e.g. driving, walking) [19]. However,
embodied cognitive experience whilst in motion along a path cannot be investigated
based on a discrete analysis of a series of singular scenes. Therefore, the model is
enriched with attributes pertaining to visuo-locomotive complexity such as rotation
metric, visibility, interconnection density [17]. The attributes are categorised into:

1Henceforth,we use the terms visuospatial and visuo-locomotive complexity interchangeably.Other
factors influencing embodied visuo-locomotive experience in space are familiarity, nature of the
task (e.g. exploration, wayfinding), individual differences (e.g. age, spatial skills) etc. However
these aspects are beyond the scope of this paper.
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Table 80.1 Taxonomy of attributes for visuospatial complexity. The relationship between the indi-
vidual attributes and the visuospatial complexity is defined as proportional (+) or inversely propor-
tional (−) according to the impact they have on the visuospatial complexity scale. The (∗) indicates
locomotive complexity attributes
Visuospatial complexity Proportional relationship to complexity and Description

A1. Quantitative attributes

Size (+/−) The dimensions of the physical space, the area
covered by the visual stimulus

Clutter (+)

Quantity (+) No. components (objects, people, shapes etc.)

Variety of colours (+) No. colours

Variety of shapes/Objects (+) No. shapes / objects

Objects density (+) No. objects in a defined area

Edges density (+) No. edges of objects, No. of polygon vertices of a
perimeter (fractal dimension)

Luminance (−) Amount of light emitted / reflected from the scene

Saliency (−) Prominent elements based on characteristics of
colour, luminance and contrast

Target-background similarity (+) Compare similarity in luminance, contrast,
structure, orientation, etc.

A2. Structural attributes

Repetition (−) Recurrence of (groups) elements or characteristics
on a line/a grid/ a pattern

Symmetry (−) Resilience to transformation
(reflectional/rotational/translational/helical/fractal)

Order (−) Organised elements based on a recognised
structure, fractal dimension, axial lines

Homogeneity/Heterogeneity (−) Being all the same kind or diverse (single shape
repeated - multiple distinct shapes)

Regularity (−) Variations in a placement rule across a surface/line
(polygons - abstract shapes)

Openness (−) The ratio between empty and full space

Grouping (−) No. elements that are part of a group

Rotation metric∗ (+) Accumulated degrees of rotation angle during
locomotion, No. of turns

Visibility∗ (−) Visual range from a vantage point, visual
connectivity between points

Interconnection density∗ (+) No. of directional choices in each node (e.g.
decision point, junction)

A3. Dynamic Attributes

Motion (+) No. people or objects moving in the scene

Flicker (+) Abrupt changes over-time (in luminance, colours,
etc.)

Speed | Direction (+) The rate of change of position with respect to time |
Move or facing towards
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A1. Quantitative Attributes. Referring to objective environmental attributes such
as low-level (edge, colors) and middle-level (corners, orientation) features of the
scene. Studies on visual attentionmostly on real-world static scenes, have shown how
these environmental attributes can lead to a overabundance of information (known as
clutter), work as distractors, and impact the visual search performance [16, 24, 26].
Clutter in architectural space may also involve the fractal dimension, referring to the
number of polygon vertices of a perimeter of a space. Manifest cues, such as signage
and landmarks, are part of clutter however because of their semantic significance as
navigation aid objects they constitute major visual attention targets.

A2. Structural Attributes. Refer to the relation that the elements form due to
positioning in space, or the overall distribution on the viewing scene. The pres-
ence of regularities, symmetry, repetition, or order simplifies the scene [11, 15]
while randomised arrangements contribute to higher complexity classes. Homogene-
ity/Heterogeneity, regularity of shapes and objects, grouping of elements in space,
openness of space and their relationship to complexity have been previously intro-
duced in the fields of urban design and architecture [7, 27]. These attributes formulate
the environmental structure along the navigation path, and impact the holistic leg-
ibility of the environment, including aspects of interconnection density [23, 30],
visibility (e.g. visual range, line of sight) [2], rotation locomotion [17]. On the con-
trary, wayfinding studies show the value of architectural differentiations and breaks
in the structural order as a design tool for distinguished areas that facilitate navigation
[1].

A3.Dynamic Attributes. Studying active embodied locomotion, such as navigation,
involves studying dynamic parts of the scene, as for example people or moving
objects or the ratio of changes per meter. Dynamic attributes have a major impact
on visual attention patterns, as clusters of attention often coincide with semantically
rich objects such as eyes, hands [21]. Moreover, cortical analysis shows a selective
response to moving elements on the scene, meaning that people are able to notice
moving objects even if they are not looking for them [26].

80.3 An Empirical Basis for a Visuospatial
Complexity Scale

Case study in Parkland Hospital In a behavioural case study conducted in two
large-scale healthcare facilities (Old and New) in Parkland Hospital in Texas (USA),
25 participants performed a navigation task from the Emergency room to the Phar-
macy. We employed a range of sensors for measuring embodied visuo-locomotive
experience and navigation performance (e.g. eye-tracking, egocentric video, external
camera based video, questionnaires, orientation task) and detect locations in the path
where a number of participants were disoriented or confused (details in papers [6,
18]).
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Behavioural and Environmental Analysis The correlations between the environ-
mental and the behavioural analysis suggest that peculiar geometries (non symmet-
rical, not regular), narrow, long and high cluttered corridors are places where people
tend to be frequently confused. Additionally, the presence of a combination of these
attributes leads to low visibility and a great angle of rotation by the participant along
the path that aggravate the navigation performance. For instance, in Decision Point 2
in the Old Parkland Hospital, we record 41% of participants having a disorientation
or confusion event (e.g. stop, hesitation, look around, intensive visual search to both
directions, etc. [17], Fig. 80.1). The place is characterised by narrownon-symmetrical
and non-regular long cluttered corridors, that leads to reduced visibility. The place is
also regularly occupied by dynamic attributes such as moving obstacles, pedestrian,
people on wheelchairs moving in various directions. However, the questionnaires
show that the landmark in the corridor (apple posters in bottom row of Fig. 80.1)
was visually accessible and well recorded in spatial memory.

The effect of combined of attributes These observations suggest that the combi-
nation of attributes present in the scene can have a counterbalancing effect on the
overall visuospatial complexity level, however further empirical work is needed to
define the combinations of attributes that can lead to this outcome. For instance,
high clutter increases the visuospatial complexity level but it can be mitigated with a
well organised structural scene. Another consideration about finding balance in the
visuospatial complexity scale is inspired by convex function of disorder [28] and
complex adaptive systems [13], suggesting that a positive effect from the perceived
visuospatial complexity is expected to reach an optimum between variety and struc-
ture (Fig. 80.2). For example, highly symmetrical spaces with repetitive features are
related to low visuospatial complexity, but they have a negative effect on navigation
performance as there is no architectural differentiation or distinctive object to assist
cognitive mapping [1]. Consequently, in the process of developing a scale for visu-
ospatial complexity, we consider that humans prefer to experience information at a
comfortable rate (too little deprives the senses and toomuch overloads them [7]), and
so we suggest a moderate visuospatial complexity class as a design aim (Fig. 80.2).
This design aim should be adjusted based on the specific design groups (e.g. children,
older adults, people with cognitive decline) in order to provide a suitable motivating
environment.

Empirically model complexity Classes As an example of the modelling process
we focus on selected attributes for demonstration reasons, and we define in approxi-
mation the Classes based on the behavioural analysis of the navigation study [17, 18].
The Classes are defined based on the empirical results and the proportional relation
between each attribute and visuospatial complexity (Table 80.1). Further empiri-
cal work is needed for the verification of the numeric and percentage classification
(Fig. 80.2). Specifically, Rotation metric is defined by the number of turns along the
path (or along a segment of the path) as well as by the accumulating degrees of the
angle the person performs while navigating. For the definition of Size, we combine
the three dimensions of space and calculate the average along the path or the seg-
ment. Visibility is defined based on the percentage of the visual range a navigator has
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Fig. 80.2 A simplified version of visuospatial complexity Classes developed on selected attributes
for the purpose of parametric modelling (Sect. 80.4). The curve represents an interpretation of the
overall positively perceived visuospatial complexity as a function of variety and structure that picks
on a moderate Class 3 (Adapted from Shiner et al. [28])

while walking from the different segments towards the end of the path. Symmetry is
calculated in respect to the layout geometry, as well as by analysing the symmetry
in the 3D scene the navigator encounters along the path. Clutter is defined by the
percentage of space covered by 3D elements in the total path (or each segment), and
Order refers to the related organisation of these elements in space, calculated by
the percentage of the area that reflects a known structure (e.g. grid, circle, rectangu-
lar, spiral, square). To calculate the visuospatial complexity class in an aggregative
level for the overall path, we combine the corresponding values of each attribute and
provide an average result with a numerical indication between 1 and 5 (Fig. 80.2).

80.4 Parametric Modelling of Visuospatial Complexity

By parametrising selective attributes in respect to the scale of visuospatial complex-
ity, and monitoring the relations between them, we develop a parametric model that
runs two main operations: identification of the visuospatial complexity class of a
given morphology, and manipulation of the morphology to correspond to a preferred
class (e.g. moderate Class 3, Fig. 80.2). We approach the parametric model from the
perspective of the human-navigator, using the navigation path as the first component
and the main geometrical input to the model. The parametric tool promotes interac-
tive design decision-making based on the visuospatial complexitymodel (Table 80.1)
that can be useful for: comparing different versions of a design in terms of the visu-
ospatial complexity Classes, identifying the class and manipulating the morphology
in relation to a selected attribute or in aggregative level for all attributes, comparing
buildings in relation to their visuospatial complexity Class, manipulating morpholo-
gies to eliminate or increase the visuospatial complexity Class.

Class Identification and Morphology Manipulation The identification function
receives as an input a polyline representing the navigation path, it analyses the char-
acteristics of the path and categorises them into Classes based on the visuospatial
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Fig. 80.3 Manipulation of the path inOld ParklandHospital based on the scale of visuospatial com-
plexity (Fig. 80.2) and the selected attributes that change the morphology respectively. The purple
dashed rectangular is the starting point of the identification function of the given path geometry

complexity model (e.g. purple dashed rectangular in Fig. 80.3). By manipulating the
morphology of space along the navigation path, we can expand or eliminate the visu-
ospatial complexity by “controlling” the parametric “sliders” between the defined
Classes of each attribute (Fig. 80.3). In theOldParklandHospital example (Fig. 80.4),
we aim at maintaining a moderate Class 3 of visuospatial complexity along the path.
The identification function gave the result of an overall visuospatial complexity Class
4. The manipulation function (based on the selected group of attributes) can be used
to introduce changes in the morphology (e.g. geometry, arrangement of elements), to
reduce the overall visuospatial complexity. Specifically, Rotation metric simplifies
the geometry of the path based on the angles of turns between the segments. The
Size function modifies the three dimensions of the segments of the path to fit the
requirements of the Class. The Visibility reports the percentage of visible space from
each segment towards the end point of the path and suggests alternative combina-
tion between visual range and Classes using an evolutionary solver (Galapagos for
Grasshopper3D). The Symmetry function introduces new symmetry axes to manip-
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Fig. 80.4 Example of themanipulation function for the path at theOldParklandHospital (Fig. 80.1),
implemented in Rhino CAD-Grasshopper3D. On the left the result of the identification function
reporting the visuospatial complexity (VC) class per attribute, and on the right the result of the
manipulation function in steps, monitoring the morphological changes and aiming at an average
moderate complexity class for the overall path

ulate the geometry in order to fit the requirements of the respective Class, while the
Clutter and Order functions, add or remove objects and organise them in groups.

The manipulation function can be used in the overall or in particular segments of
the path to moderate, or eliminate the visuospatial complexity level. However, it can
also contribute to indicating areas where visuospatial complexity can be increased to
fulfil design requirements while the designer can closely monitor how these changes
affect the visuospatial complexity level. For instance, the analysis of the path at
the New Parkland Hospital suggests low overall visuospatial complexity (Class 2).
We use the manipulation functionality for the segment of the path that involves
the entrance lobby and we extent the level of visuospatial complexity from Class
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Fig. 80.5 Manipulation of the morphology of the lobby at the New Parkland Hospital. We modify
the visuospatial complexity for the specific segment of the path for the attribute of Clutter, while
we make sure that the rate visuospatial complexity for the overall path remains at Class 3

2 to Class 4 without interrupting the average complexity level for the overall path.
Thus, we can reassure an acceptable navigability experience for the users while
experimenting with objects at the entrance lobby (Fig. 80.5).

80.5 Summary

Architects are confronted with anticipating the effect of their design decisions on
human cognitive experience—termed visuo-locomotive experience—in everyday
embodied interaction, e.g., navigation and wayfinding [4, 5]. Towards this end, cog-
nitive assistive technologies for design can be useful during the different steps of
the design process if they incorporate empirical knowledge from behavioural stud-
ies in real-world built environments [4, 17, 18]. Parametric design systems provide
the flexibility and adaptability needed, however currently their established functions
are numerically and geometrically oriented. By introducing the dimension of human
behaviour in parametric design systems, such as high-level cognitive design require-
ments, and parameters of morphological formulation emanating therefrom, we can
promote people-centred architecture design process [4, 18]. The ability to analyse
and manipulate the morphology of an environment (and resulting navigation paths)
based on people-centred aspects, such as the scale of visuospatial and locomotive
complexity and its effects on visuo-locomotive experience, is useful for the evalu-
ation of design decisions and prediction of design performance especially for the
initial stages of the design process. We have demonstrated how a parametric design
system that incorporates behavioural knowledge can facilitate early design decisions
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especially for large-scale built environments such as hospitals, airports, or train sta-
tions, where it is crucial to predict navigation performance of users at varying levels
of visuo-locomotive complexity.
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