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Foreword

Human-computer interaction (HCI) is acquiring an ever-increasing scientific and
industrial importance, as well as having more impact on people’s everyday life, as an
ever-growing number of human activities are progressively moving from the physical to
the digital world. This process, which has been ongoing for some time now, has been
dramatically accelerated by the COVID-19 pandemic. The HCI International (HCII)
conference series, held yearly, aims to respond to the compelling need to advance the
exchange of knowledge and research and development efforts on the human aspects of
design and use of computing systems.

The 24th International Conference on Human-Computer Interaction, HCI
International 2022 (HCII 2022), was planned to be held at the Gothia Towers Hotel
and Swedish Exhibition & Congress Centre, Göteborg, Sweden, during June 26 to
July 1, 2022. Due to the COVID-19 pandemic and with everyone’s health and safety in
mind, HCII 2022 was organized and run as a virtual conference. It incorporated the 21
thematic areas and affiliated conferences listed on the following page.

A total of 5583 individuals from academia, research institutes, industry, and
governmental agencies from 88 countries submitted contributions, and 1276 papers
and 275 posters were included in the proceedings to appear just before the start of
the conference. The contributions thoroughly cover the entire field of human-computer
interaction, addressing major advances in knowledge and effective use of computers in
a variety of application areas. These papers provide academics, researchers, engineers,
scientists, practitioners, and students with state-of-the-art information on themost recent
advances in HCI. The volumes constituting the set of proceedings to appear before the
start of the conference are listed in the following pages.

The HCI International (HCII) conference also offers the option of ‘Late Breaking
Work’ which applies both for papers and posters, and the corresponding volume(s) of
the proceedings will appear after the conference. Full papers will be included in the
‘HCII 2022 - Late Breaking Papers’ volumes of the proceedings to be published in
the Springer LNCS series, while ‘Poster Extended Abstracts’ will be included as short
research papers in the ‘HCII 2022 - Late Breaking Posters’ volumes to be published in
the Springer CCIS series.

I would like to thank the Program Board Chairs and the members of the Program
Boards of all thematic areas and affiliated conferences for their contribution and
support towards the highest scientific quality and overall success of the HCI
International 2022 conference; they have helped in so many ways, including session
organization, paper reviewing (single-blind review process, with a minimum of two
reviews per submission) and, more generally, acting as goodwill ambassadors for the
HCII conference.
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This conference would not have been possible without the continuous and
unwavering support and advice of Gavriel Salvendy, founder, General Chair Emeritus,
and Scientific Advisor. For his outstanding efforts, I would like to express my
appreciation to AbbasMoallem, Communications Chair and Editor of HCI International
News.

June 2022 Constantine Stephanidis
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Preface

User experience (UX) refers to a person’s thoughts, feelings, and behavior when using
interactive systems. UX design becomes fundamentally important for new and emerging
mobile, ubiquitous, and omnipresent computer-based contexts. The scope of design, user
experience and usability (DUXU) extends to all aspects of the user’s interaction with
a product or service, how it is perceived, learned, and used. DUXU also addresses
design knowledge, methods and practices, with a focus on deeply human-centered
processes. Usability, usefulness, and appeal are fundamental requirements for effective
user-experience design.

The 11th Design, User Experience, and Usability (DUXU) Conference 2022, an
affiliated conference of the HCI International Conference, encouraged papers from
professionals, academics, and researchers that report results and cover a broad range of
research and development activities on a variety of related topics. Professionals include
designers, software engineers, scientists, marketers, business leaders, and practitioners
infields such as AI, architecture, financial andwealthmanagement, game design, graphic
design, finance, healthcare, industrial design, mobile, psychology, travel, and vehicles.

This year’s submissions covered a wide range of content across the spectrum of
design, user-experience, and usability. The latest trends and technologies are represented,
as well as contributions from professionals, academics, and researchers across the globe.
The breadth of their work is indicated in the following topics covered in the proceedings.

Three volumes of the HCII 2022 proceedings are dedicated to this year’s edition of
the DUXU Conference:

• Design, User Experience, and Usability: UX Research, Design, and Assessment
(Part I), which addresses topics related to processes, methods, and tools for UX design
and evaluation; user requirements, preferences and UX influential factors; as well as
usability, acceptance, and user experience assessment.

• Design, User Experience, and Usability: Design for Emotion, Well-being and Health,
Learning, and Culture (Part II), which addresses topics related to emotion, motivation,
and persuasion design; design for well-being and health; learning experience-design;
as well as globalization, localization, and culture issues.

• Design, User Experience, and Usability: Design Thinking and Practice in
Contemporary and Emerging Technologies (Part III), which addresses topics related
to design thinking and philosophy, analysis of case studies, as well as design and user
experience in emerging technologies.

Papers of these volumes are included for publication after a minimum of two single–
blind reviews from the members of the DUXU Program Board or, in some cases, from
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members of the Program Boards of other affiliated conferences. We would like to thank
all of them for their invaluable contribution, support, and efforts.

June 2022 Marcelo M. Soares
Elizabeth Rosenzweig

Aaron Marcus
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The 25th International Conference on Human-Computer Interaction, HCI International
2023, will be held jointly with the affiliated conferences at the AC Bella Sky Hotel
and Bella Center, Copenhagen, Denmark, 23–28 July 2023. It will cover a broad
spectrum of themes related to human-computer interaction, including theoretical
issues, methods, tools, processes, and case studies in HCI design, as well as
novel interaction techniques, interfaces, and applications. The proceedings will
be published by Springer. More information will be available on the conference
website: http://2023.hci.international/.

General Chair
Constantine Stephanidis
University of Crete and ICS-FORTH
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Abstract. Oftentimes in Agile product development, the MVP (minimum viable
product) is defined and agreed upon for development to release product quickly
to learn directly from customers. As the team develops and works through the
requirements for MVP, scope creep can happen; requirements change; or new
customer requests come in which may change the direction of the work. When
this occurs, the instinct of the team is to “react” to the changing demands and can
cause the team to lose focus of what the original customer need was. To ensure that
the development team is keeping the customer at the focal point of the work, the
Customer Hierarchy of Needs was developed. The Customer Hierarchy of Needs
method is an effective way to define and prioritize features and functionality for
a product through the lens of what the customer may need or want based on their
existing level of need. In this paper, we will explain the customer hierarchy of
needs method, how it was applied to a project at Crown Equipment Corporation,
lessons learned by the development team, and the benefits of utilizing this method.

Keywords: Agile ·MVP · Customer Value · Hierarchy of Needs · Design
research

1 Introduction

Agile is an iterative approach to software development that allows companies to deliver
value to their customers fast [1]. Agile has many advantages; like being able to release
product quickly to the market with less documentation, getting product in the hands of
customers to learn directly from them to continually improve the product, and being lean
in processes to be able to pivot at any time as customer needs evolve. When creating a
new product for the market, defining the minimum viable product (MVP) based on the
minimal amount of work that can be done that adds value to the product is the main
objective. But as the team works on the agreed upon MVP, scope creep can happen;
requirements can change; and customer needs can shift which will change the direction
of the project. This leads to teams getting sidetracked, which then makes it difficult
to measure the progress of the MVP solution leading to teams feeling that they are on
projects that never end. Furthermore, there are very few tools or methods that are in
place today to help management keep track of requirements as they come in and help
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with evaluating whether those requirements will ultimately meet the needs of customers
and at what level [2]. Such requirements can come from various sources including the
project sponsor, stakeholders, executives, and end-users. The lack of documentation for
projects and the nature of Agile to not fully define the vision of a solution also leads
to potential confusion if requirements and features change over time due to customer
feedback and requests. This can also lead to difficulties onboarding new developers if
the background of why decisions were made are not documented or the vision of the
solution beyond MVP [3].

To ensure that the development team is keeping the customer at the focal point of
the work and to reduce the likelihood of the previous challenges being introduced to a
project, this Customer Hierarchy of Needs was created.

2 What Is the Customer Hierarchy of Needs

The Customer Hierarchy of Needs method is an effective way to define and prioritize
features and functionality of a solution through the lens of what the customer may need
(see Fig. 1). Also, it can be used as a checkpoint to ensure that the final solution fulfills
the customer’s need and to validate that it doesn’t inhibit the customer from being able
to progress to the next level of need. The framework helps to define the functionality, in
other words, the “what” and “how” behind a solution. The inspiration for the Customer
Hierarchy of Needs method is Maslow’s hierarchy of needs, “…a motivational theory in
psychology comprising a five-tier model of human needs, often depicted as hierarchical
levels within a pyramid” [4]. Just as humans progress in their personal lives, customers
also have basic (or functional) and complex needs that products or services must fulfill
before they are able to experience the full potential of the product or service. Also, like
Maslow’s hierarchy, customers can face challenges or set-backs which may move them
to a different level of need [4]. So, it is important to ensure that the solution developed
meets the customer with wherever they are professionally or personally.

Fig. 1. Customer hierarchy of needs template.
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This method can be used once preliminary research has been completed, and the
perceived value of the solution has been defined and understood. This method can be
applied to both create a vision and, in an Agile development process, to evaluate changes
in requirements. It should be used to facilitate conversations around defining and val-
idating the product vision, as well as MVP features and functionality of a solution in
the development process, with the understanding that the customers level of experience
and expectations can determine their beginning level within the hierarchy. Lastly, this
method can be utilized by design teams, development teams, and other business groups
that may interface with customers and influence solution requirements. Now we will
walk through the method in detail, starting with Functional Needs.

2.1 Functional Needs

The first level is Functional Needs. They are the most basic needs that are practical and
needed for the market. In other words, what should the solution do to help customers
address their business challenge. Functional needs can also be foundational aspects that
are needed for the solution being developed. Like physiological needs that must be met
at the foundation ofMaslow’s hierarchy, the functional needs of a technical product must
include the functionality and feature(s) that are foundational to the final solution [4].

To further explain how this method can be applied with a consumer product we will
use the example of a digital watch. The functional purpose of a watch is to tell the time.
Why consumers purchase a watch is to be able to tell time whenever and wherever they
need to. There are options for analog or digital watches, providing different preferences
for consumers, but the basic goal is for consumers to be able to quickly check the time
from anywhere directly on their wrist (Fig. 2).

Fig. 2. Customer Hierarchy of Needs: Functional Needs.
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2.2 Operational Needs

The second level within the hierarchy is Operational Needs. These are the routine obli-
gations required of customers to run their business operations. In other words, how can
the solution help customers improve their business operations or personal lives. The fea-
ture(s) and functionality that are discussed for the operational needs should build upon
the concepts for the functional needs and may still be basic by nature, but ultimately
should progress the customer to be more efficient and/or enhance their lives further.

To reference the example of a digital watch, it is important to think through what
else could a watch do to help individuals either stay on time or maintain order in their
lives. Examples of what could then be added to meet the operational need are improving
the battery life (e.g., adding a battery that lasts over 24 h and can be recharged at any
time) and adding more features that can be customized by the individual via the user
interface to help them stay on track with their daily activities (e.g., the brightness of the
screen, alarms, and reminders) (Fig. 3).

Fig. 3. Customer Hierarchy of Needs: Operational Needs.

2.3 Value Needs

The third level within the hierarchy is Value Needs. They are the higher-level benefits
that are provided to the customer. In other words, what added benefit(s) can the solution
deliver to the customer. As a customer moves up the hierarchy, the needs do shift to
being more complex. Similar to Maslow’s hierarchy, the feeling of accomplishment or
more value obtained from a solution becomes the focus [4]. One may even ask, what
more could technology provide for me? As the bottom needs are met, users are able to
think beyond their basic, immediate needs and can expand their imagination to what
other benefits the solution can potentially provide to them (e.g., time savings, efficiency
improvements, cost savings, etc.). Again, the value need should build from what has
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been discussed for the operational and functional needs but should deliver value that is
obvious to the customer and that the customer is striving to obtain.

Again, to use the example of a digital watch, with building upon the idea of what
other benefits could a watch provide a consumer with the understanding that the watch
will be on their wrist throughout the day and is connected to their devices. An example
of a value need could be the ability for the watch to track the individual’s fitness activity
throughout the day. For example, the ability to track steps, stairs climbed, total calories
vs active calories burned, miles walked, heartrate, etc. This not only provides visibility
to the end-user of their activity, but potentially keeps them accountable to their health
and may change their lifestyle for the better (Fig. 4).

Fig. 4. Customer Hierarchy of Needs: Value Needs.

2.4 Efficiency Needs

The fourth and final level is the Efficiency Needs. This level is the peak performance that
customers want to reach. In other words, how the solution can improve the efficiency
in customers business operations or personal lives. Like Maslow’s hierarchy, this is the
point at which either the company or consumer needs the solution to assist them in
fulfilling their full potential.

At this point, we have reviewed how a digital watch can transition from simply
telling time to helping consumers maintain order throughout their day, and to ultimately
improve their lifestyles by being more conscious of their daily activity. For this final
need, it is important to think how a device on an individual’s wrist can help the end-user
further strive to be healthy and productive in their day-to-day activities. Examples of
efficiency needs could be motivational reminders to stay active to meet one’s goals, and
the ability to connect with others building a community to remain accountable with their
fitness and health goals (Fig. 5).
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Fig. 5. Customer Hierarchy of Needs: Efficiency Needs.

Once the Customer Hierarchy of Needs is completed, each level of need can then be
designed and critiqued by the development team to understand how the feature should be
built into the solution, and what functionality is required. The efficiency need provides
a north star for the team to work towards. Also, having the levels defined provides a
vision that the development team can work from and then allows management to track
progress. As new requests are funneled through the team, management can now make
prioritization decisions against the hierarchy. First ensuring that the request gets the
solution closer to the vision defined, if not it may not make sense to add to the solution.
For example, if a consumer suggests that the watch should provide the ability to watch
videos or stream movies, that does not fit within the vision. If it does align, then the
team can critically think through the need that the request may fit and when it can be
delivered. For example, if a consumer provides feedback that the watch should provide
the ability to track specific workouts. This does fit the vision and delivers on the value
need.

To see how this method would be applicable to real problems, we applied the method
to a project at Crown Equipment Corporation. Specifically, themethodwas implemented
to define the vision for APIs (application programming interface) to be integrated within
Crown’s fleet management solution. Now we will walk through exactly how the method
was applied and considerations that should be made at each step.

3 Customer Hierarchy of Needs Creation

The product development team utilized the Customer Hierarchy of Needs method at
CrownEquipmentCorporation to understand and prioritize the features and functionality
of a solution that must be built to ensure that the product delivers on customers’ expected
outcome(s) and value. For this specific exercise, the solution’s features are as follows:

1. Ability for customers to integrate with a system to pull data relevant to their forklifts
on-demand.
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2. Ability for the solution to integratewith customers’ business systems to automatically
port data relevant to their forklifts directly into their own systems.

As always in product development, it is important to start with the customer need
before defining the solution. The research team at Crown first facilitated a jobs-to-be-
done (JTBD) workshop with individuals in product development to help define what the
customers expected outcome would be for this solution. Within the workshop, we first
introduced the theory and then applied it to the project. Jobs-to-be-done (JTBD) theory
is that customers “hire” products or services to fulfill a job or need. People buy products
or services to make progress in their lives essentially to make their lives better. “We call
this progress the “job” they are trying to get done and understanding this opens a world
of innovation possibilities.” [5] For example, one JTBD statement that the team created
for this solutionwas “I want to quickly access and consume data when needed to improve
my operations”. Past ethnographic research and customer requests were referenced to
fully understand the customer’s expected outcome.

Next, the research team at Crown facilitated a second workshop to introduce and
apply the Customer Hierarchy of Needs method (see Fig. 1). Within this session, the
development team created the hierarchy of features and functionality of the solution that
will deliver on the expected outcome and meet the needs of customers no matter the
level of need they are at or will transition to in the future. Also discussed was what the
vision could be for this specific project, again giving the team a “north star” to work
towards. Now we will dive deeper into how the development team applied the Customer
Hierarchy of Needs method to an active project. For the APIs project, the solution was
broken down and analyzed by each level of need of the hierarchy: functional, operational,
value, and efficiency.

3.1 Functional Needs

For the project at Crown, the functional need that the solution must deliver on is the
ability for end-users to pull data from the system via CSV reports on-demand. The
development team is able to then discuss how the end-user should access the report
through the user interface, what data should be displayed, and how the data will then
need to be stored.

3.2 Operational Needs

Moving up the hierarchy to operational needs, the team then discussed what if the end-
user wants a more advanced feature beyond pulling CSV reports on-demand to retrieve
data out ofCrown’s fleetmanagement solution. Itwas determined that the solution should
provide different ways for end-users to pull data from the fleet management solution
based on their preferences (e.g., ability to schedule reports to be sent automatically on
a specified cadence, and ability to pull data in different formats like Excel).

3.3 Value Needs

At this point, the team had a very good understanding of the basic needs that the solution
must meet to fulfill customers’ expectations. Next, the team transitioned into value needs
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and thinking through how the solution can make the customer’s life simpler and easier
to retrieve data out of Crown’s system. In other words, how can the solution require less
steps and human intervention to pull the data. The feature decided on for this level was
the ability to provide APIs for customers to integrate with to pull data either on-demand
or scheduled on a specified cadence.

3.4 Efficiency Needs

Lastly, for the customer to obtain their peak performance for this solution, the efficiency
need identified for this solution is to provide a digital platform for customers to quickly
see what data can be provided and how the customer can integrate with each. This not
only allows customers to see all potential data that they can pull and the APIs that
they have integrated with, but they can also get updates as new data becomes available
electronically that they may be able to utilize to inform business decisions.

Once the Customer Hierarchy of Needs is created, the perceived value of the solution
is then understood in terms of the customer’s expectations, which then allows the team
to take a data-driven approach to measuring whether it delivers the perceived value. A
method that can be utilized to measure value is Value Equations, more information can
be found in the following paper “Understanding Customer Value Propositions Through
the Lens of Value Equations Methods: A Systematic Approach” [6].

4 Implications of Customer Hierarchy of Needs

This Customer Hierarchy of Needs has many advantages that other prioritization meth-
ods do not inherently have. It helps to ensure that the solution delivers a holistic user
experience at each level of customer need. It assists in defining and validating a vision
for a solution, with the features and functionality that should be a part of that vision.
Also, it encourages differentiation and innovation to think out of the box on what feature
or functionality can help customers or consumers reach their full potential. Lastly, it is
a tool to help development teams think through what may be expected in the market
(basic needs) for the solution and what are market differentiators (complex needs).

Once the JTBD is defined and the Customer Hierarchy of Needs is developed, it is
much easier for the team to understand what value should be delivered to the customer.
As features are completed andMVP is reached, the solution can be released to customers
and the team can then measure whether the solution is delivering the value to customers
that was anticipated. If the solution is falling short, the team then has a hierarchy to
follow that not only provides structure for their internal development conversations but
provides a way to communicate what needs to be done next to ensure that the solution
delivers the expected value to customers.

5 Lessons Learned

This method is to be used as a facilitation tool with identifying and prioritizing features
and functionality. It is important to not take it literally but to use it as a tool to facilitate
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creative ideation and discussion. For example, the method will not tell the development
team exactly what they need to build. But rather provides critical questions and a struc-
tured exercise for the team to follow to ideate on the solution. When used appropriately,
it is very effective in guiding development teams into having a strong dialogue about
what the building blocks of a solution should be and why.

Also, it is important to understand what the customer’s problem is and how they
want to improve upon it before defining the solution. It is easy for teams to jump to
defining the solution (the “What” and “How”) before fully understanding the overall
need or problem that the customer faces (the “Why”). This allows the team to test and
validate that the final solution solves the customer’s problem.

Lastly, the method can be altered to fit the needs of the active project, as each project
is slightly different with the size of work, resources available, and timeline. Maintain
flexibility in applying the method to ensure that the use fits the need of the project.
For example, if the vision (or efficiency need) is defined already and the team needs to
discuss the features that should be a part of it, the team can potentially work from the
top of the hierarchy down.
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Abstract. Despite the importance of team communication for success-
ful collaborative problem solving, automated solutions for teams are
notably absent from the literature. One promising avenue of research
has been the development and integration of speech-based technology for
team meetings. However, these technologies often fall short of meeting
the needs of the teams as they do not take meeting context into consid-
eration. In this paper, we demonstrate the efficacy of context detection
with data collected during real team meetings. By capturing and analyz-
ing social signals of rotation in team dynamics, we can demonstrate that
different stages of collaborative problem solving using the design thinking
methodology differ in their dynamics. Using supervised machine learn-
ing, we successfully predict design thinking mode with an overall F1 score
of 0.68 and a best-performing sub-class model of 0.94. We believe this
to be an essential step towards improving speech-based technology that
aims to assist teams during meetings. Making these automated systems
context-aware will enable them to provide teams with relevant informa-
tion, such as resources or guidance.

Keywords: Social signals · Context detection · Predictive modeling

1 Introduction

Collaborative problem solving (CPS) has become an essential skill critical to
efficiency, effectiveness and innovation in the modern workforce. This has placed
an increasing amount of attention on teams. Understanding team needs and
supporting them while creating minimal disruption to their workflow has been a
prominent focus point of team researchers in the last decade [38]. One promising
avenue of research has been the development and integration of speech-based
technology during team meetings [7,16,18,34]. While the idea of integrating
speech-based support tools into team meetings satisfies the requirement of mini-
mal disruption to the workflow, these technologies often fall short of meeting the
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needs of the teams [21]. Past studies indicate that to generate value from these
tools, future research needs to focus on understanding meeting context. Making
these automated systems context-aware will enable them to provide teams with
relevant information, such as resources or guidance [13].

This paper contributes to the literature on speech-based support tools by
demonstrating the efficacy of context detection during CPS episodes within
teams based on social signals alone. We use predictive modeling of proxemic and
paralinguistic signals in face-to-face conversational interactions captured through
sociometric badges. Research demonstrates the feasibility and utility of leverag-
ing these signals to capture behavioral patterns [29]. We aim to demonstrate
the value of using these multi-modal signals to detect high-level collaborative
patterns such as design thinking contexts. Specifically, we use the proxemic fea-
ture, rotating leadership, and the paralinguistic features, rotating contribution,
turn-taking, successful interruption and unsuccessful interruption.

2 Related Work and Hypothesis Development

We rely on existing literature when investigating the feasibility of context detec-
tion for design thinking modes. The first section highlights theoretical work on
convergent and divergent thinking in design thinking that is relevant for the
development of the hypotheses. The second section introduces multimodal fea-
tures collected from sociometric badges, followed by a review of existing speech-
based technology approaches that aim to support teams and how context detec-
tion poses a challenge to them.

2.1 Collaborative Problem Solving Through Design Thinking

CPS is a critical skill in modern teamwork. It involves two or more people
engaged in a coordinated attempt to find a joint solution to a problem by estab-
lishing common ground that pertains to the problem space and jointly developing
a solution that accommodates multiple perspectives [33,38].

While there are many methods used to facilitate CPS, Design Thinking
(DT) is one of the most popular methods used today, with applications ranging
from New Product Development (NPD) to education [8]. This human-centered
problem-solving method relies heavily on communication and is used by many
companies aiming to foster innovation and generate a competitive advantage [10].
While there are different governable elements of DT depending on the underly-
ing school of thought, three macro stages can be identified, namely need find-
ing, ideation and prototyping [1,9]. Need finding is the definition of a problem.
Ideation is the process of generating ideas and solutions. Prototyping encom-
passes building models to facilitate the development and selection of concepts
[20,35]. As argued by Kohl et al. [19], research should differentiate between tasks
when evaluating communication in teams during CPS to account for the under-
lying cognitive operations utilized by the team members. As such, this paper
will use the term “mode” to differentiate interactions for different tasks within
teams during the individual DT stages.
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In all DT modes, there are two main types of thinking: divergent and con-
vergent. While divergent thinking aims to find many possible answers or options
to a particular problem, convergent thinking narrows down multiple ideas into a
single solution [14]. During the DT process, teams use convergent and divergent
thinking to explore the problem and the solution space in order to successfully
apply CPS. Need finding inhabits the problem space, and ideation and pro-
totyping share the solution space. This process can be visualized as a double
diamond as shown in Fig. 1. Teams working on CPS with the DT methodology
will go through this double diamond process iteratively, meaning they will move
forwards and backward [9].

In a similar manner, existing research on CPS suggests that distinct phases
exist in group problem solving. Each of these phases requires different relational
and structural elements [32]. Phases are identified with distinct primary needs.
Some relational and structural elements, such as the number of interruptions or
frequency of taking turns, are beneficial for one phase but detrimental to another.
Similarly, Stempfle and Badke-Schaub [37] identify four cognitive operations that
DT teams utilize at different stages and for different tasks. Prior studies have
not included differentiation of interaction modes [25] or have assumed that all
modes will benefit from the same signals.

Fig. 1. The double diamond maps the divergent and convergent stages of a design pro-
cess to the team modes. Need finding consists of both convergent and divergent think-
ing, while ideation consists only of divergent and prototyping of convergent thinking.

Given these elemental properties, this paper will quantitatively measure
the theoretically proposed elements of convergent and divergent thinking with
respect to the impact on context detection for the DT mode.

2.2 Modeling Behavioral Patterns During Collaborations

While early work for data-driven modeling on collaboration behavior patterns
has mainly aimed to model lower-level behavioral dimensions, such as turn-
taking [31], recent efforts go beyond low-level signals to model high-level col-
laborative behavioral patterns. For example, postural markers have been used
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in human activity recognition to differentiate team member group functions [6],
and proxemic features have been shown to be indicators of knowledge-sharing
dynamics and affect group creativity [12,17].

As unimodal features often cannot richly capture complex social interactions,
multimodal signals have been increasingly used in modeling high-level collabo-
rative patterns. An example of this is the study by Murray and Oertel [23]
that modeled task performance on a team problem-solving task. They trained
a random forest classifier to predict task performance from vocal and linguistic
features. The multimodal feature set outperformed the unimodal feature set,
demonstrating the added value of multimodal data collection.

Utilizing these signals in successful machine learning models requires theo-
retical foundations drawn from human–computer interaction (HCI) and organi-
zational science literature with regards to team dynamics. Until recently, these
dynamics have remained elusive due to their complexity and lack of quantitative
measures. However, wearable electronic devices have made it affordable to col-
lect detailed information on team communication. Research indicates that there
is predictive power in social signals collected with these devices [29]. This is
particularly applicable to colocated collaboration settings because face-to-face
teamwork remains the dominant mode for solving complex problems despite the
increase of virtual teams. Furthermore, colocated collaboration provides unique
benefits that are not easy to achieve in digitally mediated forms of teamwork
[28], such as increasing creativity [12] and performance [25]. While preliminary
work has demonstrated the feasibility and utility of leveraging multimodal sig-
nals to predict behavioral patterns during collaboration activities, more research
is needed to understand which data sources work best to predict certain activi-
ties.

This paper addresses this gap in the literature by combining proxemic and
paralinguistic features. These features have proven to be robust in previous stud-
ies in nonverbal communication. They stem from a diverse set of domains such
as sociology, psychology [15] and, most recently, human–robot interaction [22].
Scholars in these domains have investigated human proxemic and paralinguistic
behavior since the 1920s. Proxemic behavior relates to how people use space
when communicating. Paralinguistic behavior relates to all aspects of spoken
communication, except for the semantic content.

We are collecting these quantitative, non-verbal features using a wearable sen-
sor called the sociometric badge that has been successfully deployed in a variety
of organizational contexts with a variety of predictor variables. The badges have
been used to predict organizationally relevant outcomes, such as job attitudes
and performance [27], job satisfaction [26], network cohesion [40], creativity [39],
group performance [25], and group collaboration [18]. This study introduces the
novel context of predicting DT as a context for the sociometric badge.

The current paper is one of the first investigations using proxemics and par-
alinguistics multimodal models to understand DT collaboration dynamics. We
aim thereby to show the value of using these multimodal signals when modeling
high-level collaborative patterns.
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2.3 Context Detection for Speech-based Technology

Past research has produced many forms of speech-based technology to support
meetings for online [2,11,34] and colocated collaboration [4,7,16,18,24]. How-
ever, these approaches have exclusively conducted data collection in lab settings
with short term study setups. In the case of the Meeter study [16], data were
only captured for a duration of 10 min per meeting. While these studies demon-
strate the potential of speech-based technology, their limitations also negatively
affect ecological validity and limit the extent to which the findings can be gen-
eralized. Studies investigating speech-based technology in real team meetings,
similar to the data presented in this paper, are still uncommon. Further, these
studies do not consider context and are, therefore, unable to provide differenti-
ated guidance or feedback. A severe shortcoming when it comes to the perceived
usefulness of such tools is noted by McGregor and Tang [21]. Their study aimed
to investigate if speech-based agent systems could support teams by proactively
detecting useful actions that could be presented to a team for improved per-
formance. Their results highlight difficulties in applying automated technology
to team meetings, concluding that future research needs to focus on detecting
meeting context to produce helpful recommendations from automated systems.
Automated context detection in meetings can be challenging. Research within
the domain of context detection focuses on (1) the difficulties associated with
defining the set of potential contexts and (2) the feature selection to accurately
determine the correct state [5,13], among other elements. As Greenberg states,
“Determining an appropriate set of canonical contextual states may be difficult
or impossible” [13]. However, if designers can a priori determine a limited set
of likely contexts and what describes them, application building becomes sig-
nificantly easier. Within the specific context of DT, the contextual states are
known. This research focuses on determining features for context detection for
this limited set of known contexts.

2.4 Hypothesis Development

The literature review outlines the gap of knowledge about the dynamics of team
communication during CPS. It further indicates a need to understand the various
patterns of communication dynamics that exist among teams working in differ-
ent modes to provide useful guidance to them. It follows that context detection
is essential for the development of speech-based technology. Given this, we will
evaluate the research questions: Can the DT mode of an individual in a team be
predicted using team rotation features? To answer this research question, this
study tests four hypotheses.

H1: Design thinking modes can be predicted from the selected features with
above-baseline performance of the F1 score.

Meetings can have more or less focus on a single DT mode. Certain meetings
may be dedicated to only ideation, while other meetings may go back and forth
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between ideation and prototyping. Meetings with more focus on a single DT
mode are expected to have more distinct interactions characteristics and thus
are expected to be easier to predict.

H2: Meetings with a higher percentage of a single design thinking mode have
better predictability.

We expect to find unique interaction characteristics for each mode, given the
elemental properties of the modes. The predictive models developed to answer
H1 are often black-box and do not show the properties of the features in the
feature space. We expect a class analysis to better illustrate the properties of
the features, demonstrating how each mode has a unique dynamic between the
selected features.

H3: Design thinking modes have different dynamics.

As highlighted in Sect. 2.1, we expect to find differences between the pre-
dictability of the different modes given the theoretical literature as need finding
shares divergent and convergent properties that are also found in ideation and
prototyping.

H4: Need finding is harder to distinguish than the other two modes.

3 Methods

3.1 Study Set up

To investigate the research question, we collected social signals from a group
of young professionals (N = 18) engaging in an NPD sprint exercise at a large
consultancy. The data set was collected during the 4-week sprint lasting from idea
generation to prototype development. In total, for the duration of the sprint, four
groups with either five or four members were observed on 13 days in an open-
space office floor. All teams worked autonomously without direct supervision
by consultants, so each team structured their workdays and scheduled team
meetings or requested support from consultants as necessary.

Participants wore sociometric badges during working hours whenever
engaged in potentially work-related activities but not during lunch breaks. The
badge is an unobtrusive device originally developed by the MIT Media Lab-
oratory and later commercialized by Sociometric Solutions (now Humanyze).
This sensor was specifically selected due to its ability to collect multimodal
data streams with minimal disruption to the workflow. The sociometric badge
is worn around the neck and is the approximate size and shape of an ID tag. It
records data via a microphone, an infrared sensor, a Bluetooth detector, and an
accelerometer. These four sensors are used to capture individual data about the
wearer’s voice, body motion, dyadic data of face-to-face interactions, and prox-
imity to other wearers. After undergoing a series of computations, the raw data
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from these sensors are used to create measures of lower-level behavioral dimen-
sions, such as body movement, colocation, and verbal activity. While the col-
lected data can be considered raw, they are generated using the badge firmware.
As such, the data do not necessarily reflect the true values for the external stim-
uli observed [36]. In addition, the Sociometric Solutions software can enrich the
data set by generating additional variables.

Printed questionnaires were also used to collect daily information on DT
activities. The participants were asked to fill in the questionnaire once a day
after finishing all work-related activities. The questionnaire assessed how much
time in percentages participants spent on need finding, ideation or prototyping
on a given day. The response rate to this question was 100% (222 responses).

Figure 2 illustrates the data flow. The manual data collection consists of
questionnaires capturing the percentages of time spent in different modes on a
given day. These data are used to generate thresholds that create labels. The
automated data collection consists of the raw data from the sociometric badges,
processed by the Sociometric Solution software, which provides low-level mea-
surements of team activity. The mode prediction model calculates highly pre-
dictive features from these low-level measurements. The labels and features are
combined with machine learning algorithms to predict the DT mode.

Fig. 2. Pipeline of data

3.2 Thresholding the Outcome Variable

The outcome variables, ground truth, or labels are determined by thresholding
the percentages reported by participants. For example, at a threshold of 90%,
the positive class for need finding is participants who reported need finding at
least 90% on a given day. The negative class is those participants who reported
less than 90% need finding. Multiple thresholds have been used for comparison
to understand the impact the focus on a single mode has on predictability. While
most meetings will use a single mode, that is, a meeting will focus on prototyping
only, some meetings will be more diverse and include a mix of, for example,
ideation and need finding. Thresholds of 50%, 60%, 70%, 80%, and 90% have
been used. The relevant threshold is indicated in the respective tables.
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3.3 Features

This study uses rotation features to predict the DT mode as described in
Sect. 2.2. All signals are collected using the sociometric badges. The conver-
sation characteristics used as features in this study are derived from the speech
conditions as provided by the Sociometric Solutions software [36]. The features
are defined in the following sections.

Rotating Leadership. Rotating leadership measures how frequently people
change their network position in the team. In order to calculate how often people
change from a central position to a peripheral one, we count the number of local
maxima and minima in the betweenness centrality curve of a person. This is
described in Eq. 1 and visualized in Fig. 3. Higher numbers indicate more rotation
of leadership. The figure shows a hypothetical betweenness centrality curve of
a person over time. The red Xs mark instances of local minima and maxima
as described in Eq. 1, where the superscript BC indicates that they are for the
betweenness centrality curve, and i indicates the person.

RLi = #localMinimaBC
i + #localMaximaBC

i (1)

Fig. 3. Rotating leadership (left) and rotating contribution (right)

Rotating Contribution. Rotating contribution measures how frequently peo-
ple change the amount of time they spend listening vs. speaking. We calculate
the contribution index (CI) of each person (speaking − listening/speaking +
listening) and count the number of local maxima and minima in the CI curve
of a person. This is described in Eq. 2 and visualized in Fig. 3. Lower numbers
indicate fewer changes in the level of contribution for an individual person. The
figure shows a hypothetical CI curve of a person over time. The red Xs mark
instances of local minima and maxima as described in Eq. 2, where the super-
script CI indicates that they are for the CI curve, and i indicates the person.

RCi = #localMinimaCI
i + #localMaximaCI

i (2)
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Turns. Turns are speaking segments that occur after and within 10 s of another
speaking segment. By default, a speech segment must be made within 10 s after
the previous one ended in order to be considered a turn. Note that the two
speech segments need not be from two different people to count as a turn—a
person can pause and then start speaking again. This would count as two speech
segments and one “self-turn.”

Interruptions. Interruptions in speech can be successful and unsuccessful.
Interruptions are defined as a situation during which Person A is talking, and
Person B starts talking over Person A. If Person A talks for less than 5 of the
next 10 s, then Person B successfully interrupted Person A. If Person A instead
talks for more than 5 of the next 10 s, then Person B unsuccessfully interrupted
Person A.

4 Results

Multiple models were trained, and DT modes were analyzed. The results support
our hypotheses. First, single and multiclass models were trained. These models
outperformed the F1 score of the random baseline models, demonstrating that
the DT mode can be predicted as stated in hypothesis H1. Throughout all of the
models and analyses, the threshold for class membership was adjusted to test
hypothesis H2. This led to the finding that days with more focused DT mode
activity can be predicted more accurately. A class analysis revealed evidence
to support the notion that different DT modes have different dynamics as per
hypothesis H3. Evidence to support hypothesis H4 was discovered by building
models on subsets of the modes, indicating that need finding shares proper-
ties with both ideation and prototyping. The following sections will present the
results and explain their relationship to the hypotheses.

4.1 Predicting Design Thinking Mode

DT mode was predicted for different values of the threshold for class membership.
Single class and multiclass models were trained in sci-kit learn using a non-linear
Support Vector Machine (SVM) with a radial basis function kernel [30]. This
model showed a greater increase over the random baseline than other models
tested, including random forest, logistic regression, AdaBoost, KNN and naive
Bayes when comparing F1 scores to a stratified random baseline F1 score where
the probability of a label occurring is proportional to the occurrence in the
original data set.

While a single class model can be used to demonstrate the feasibility of the
approach, a multiclass model is more practical for use in a context aware system.
In a single class model, for each input observation, the output describes whether
a single DT mode is relevant. A single class model would have to be constructed
for each of the DT modes of interest. Consequently, for an observation, more than



Context is Key 21

one model might indicate their corresponding DT mode to be active, requiring
additional logic to make the final decision about which DT mode is active.

The results of the trained models are shown in Tables 1 and 2. All scores are
evaluated using leave-one-out cross-validation, which is known to be an almost
unbiased estimator of model generalization performance on unseen examples
[3]. One hundred experiments were conducted to measure the variability of the
models and oversampling. All models showed low variation to initialization with
standard deviations between 0.01 and 0.02.

Table 1. Single class model, where the subscripts of b, p and n correspond to the
baseline, the positive and the negative class. The metrics along which the models are
compared are F1, accuracy (Acc), precision (P), and recall (R). In addition, F1 and
support (S) for the negative and positive class are reported.

Cut Off Mode F1b Acc F1 P R F1n F1p Sp Sn

50 NF 0.64 0.78 0.76 0.76 0.78 0.86 0.49 50 172

60 NF 0.61 0.76 0.74 0.74 0.76 0.85 0.46 49 173

70 NF 0.72 0.76 0.74 0.74 0.76 0.85 0.43 40 182

80 NF 0.66 0.53 0.57 0.71 0.53 0.62 0.39 27 195

90 NF 0.68 0.67 0.69 0.71 0.67 0.78 0.37 16 206

50 ID 0.58 0.67 0.67 0.67 0.67 0.76 0.48 79 143

60 ID 0.53 0.67 0.67 0.67 0.67 0.76 0.49 56 166

70 ID 0.53 0.68 0.68 0.7 0.68 0.75 0.53 47 175

80 ID 0.66 0.76 0.77 0.78 0.76 0.83 0.61 33 189

90 ID 0.77 0.88 0.87 0.87 0.88 0.93 0.61 12 210

50 PR 0.48 0.68 0.68 0.72 0.68 0.67 0.68 82 140

60 PR 0.54 0.69 0.69 0.74 0.69 0.68 0.69 74 148

70 PR 0.45 0.7 0.7 0.74 0.7 0.69 0.71 68 149

80 PR 0.62 0.75 0.74 0.77 0.75 0.71 0.78 59 163

90 PR 0.46 0.77 0.76 0.77 0.77 0.65 0.82 45 177

Single Class Model. Table 1 shows the results of 1 versus all models at the
different thresholds for the three modes. When comparing the baseline to the
model performance, different thresholds have higher F1 scores for the different
DT modes, showing different underlying dynamics supporting H3. For need
finding, the F1 score peaks at a threshold of 50% with an improvement over the
baseline of 0.12. In contrast to this, ideation peaks at 70% with an improvement
of 0.15, whereas prototyping peaks at 90% with an improvement of 0.3.

Multiclass Model. The performance of a multiclass model in predicting DT
mode can be seen in Table 2. The table also displays the predictive performance
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for different threshold values. The F1 score of the model peaks at 0.68 when the
threshold is at 90%.

The best performing model has a 0.25 increase over the baseline model and
an F1 score of 0.68. A model with a 70% threshold provides an F1 increase of
0.23 over the baseline model, whereas models with a threshold of 60%, 80% or
50% lead to improvements of 0.2, 0.18 and 0.18, respectively. The 90% threshold
model also shows the highest F1 score for the ideation and the prototyping class
with 0.63 and 0.84, respectively, indicating that these classes are identified well
by the model. However, the model does not perform as well for the need-finding
class, as it only shows an F1 score of 0.27. What stands out in the table is that
the need-finding class overall performs worst among all cut-off values. This pro-
vides partial support for hypothesis H4, indicating that need finding can not
be separated as well as the other classes as suggested by the theoretical frame-
work of convergent and divergent thinking. The following section investigates
this problem in more detail by conducting a sub-class analysis.

Table 2. Multiclass analysis, where the subscripts of b, nf, id and pr correspond to
baseline, need finding, ideation and prototyping. S indicates the support for a class.

Cut Off F1b Acc F1 P R F1nf F1id F1pr Snf Sid Spr

50 0.33 0.54 0.51 0.55 0.54 0.32 0.51 0.64 50 79 82

60 0.35 0.58 0.55 0.6 0.58 0.43 0.5 0.67 49 56 74

70 0.34 0.6 0.57 0.61 0.6 0.33 0.56 0.71 40 47 68

80 0.38 0.62 0.60 0.59 0.62 0.3 0.58 0.75 27 33 59

90 0.43 0.73 0.68 0.7 0.73 0.27 0.63 0.84 16 12 45

Model and Threshold Conclusions. In conclusion, we are able to predict
DT modes with F1 scores above the baseline models, supporting H1. Further,
increasing the threshold has a positive effect on the ideation and prototyping
classes in single class models. When used in the multiclass model, the overall
predictability increases even though the need-finding predictability suffers. These
observations provide partial support for H2 and indicate that further work is
needed to better differentiate need finding.

4.2 Understanding Design Thinking Modes

In the previous section, different DT modes could be successfully predicted,
outperforming random baseline models. This suggests that the modes are dis-
tinguishably different from each other with regard to the underlying feature
dynamics. This led us to investigate hypothesis H3 by analyzing the relation-
ship between the features and the DT modes. Specifically, we conducted a class
analysis using three different approaches to understand the structure of the fea-
tures in the feature space.
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For approach 1, a mean was produced for every mode by taking the average
of all features for all examples in the class: a class centroid. A mean was created
to reduce the effect of outliers. The Euclidean distance between these class cen-
troids was measured as shown in Table 3. A smaller number indicates the modes
are more similar. As the threshold is increased, the modes become more sepa-
rated where the effects between need finding and prototyping and between need
finding and ideation do not always increase; that is, they are non-monotonic.
This indicates that the modes have different dynamics with respect to the rota-
tion features. If they were similar, the numbers would be close to zero as there
would be a minimal distance between the features in the feature space.

In approach 2, we calculated the average Euclidean distance between all pairs
of points in two modes. In contrast to approach 1, this approach is more sen-
sitive to outliers as the mean of the features was not taken first. The outliers
are directly compared and added to the average distance. This is reflected in
the results. Similar to approach 1, a higher number indicates a larger distance
between the modes. As shown in Table 3 the between-class similarity scores indi-
cate that all modes have different underlying dynamics. Unlike approach 1, the
between-class similarity shows that at most thresholds, all modes are equally
separated.

Approach 3 highlights the density of a given mode in the feature space. The
average Euclidean distance between all pairs of points in each mode was calcu-
lated. The results in Table 3 show that prototyping is the most dense mode with
the lowest average Euclidean distance between all pairs of points at any thresh-
old. As the threshold is increased, the modes become more dense by removing
less-focused meetings from the data set.

All three approaches indicate that the underlying features for the individual
DT modes are different and show different dynamics. Especially, prototyping
shows different dynamics of the features compared to the other modes, as the
numbers in Table 3 indicate that it is better separated and more compact. In
contrast, need finding shows more similarity to the other modes overall. We find
support for H3, as all measures show differences between the modes.

Table 3. Results of class analysis with three approaches: distance between class means
(Approach 1), average distance metween class observations (Approach 2) and class
density (Approach 3)

Distance between
class means

Average distance
between classes

Class density

Cut off NF-ID NF-P ID-P NF-ID NF-P ID-P NF ID P

50 0.1 0.28 0.25 0.48 0.41 0.41 0.46 0.49 0.23

60 0.11 0.31 0.27 0.51 0.45 0.43 0.5 0.51 0.24

70 0.1 0.26 0.31 0.48 0.41 0.45 0.45 0.5 0.24

80 0.17 0.26 0.4 0.54 0.39 0.53 0.45 0.6 0.22

90 0.29 0.32 0.56 0.78 0.67 0.78 0.77 0.71 0.46
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4.3 Evidence for Convergent and Divergent Thinking in Design
Thinking Modes

The previous section showed that prototyping is better separated, more compact,
and is easier to predict. Need finding tends to be more similar to ideation and
prototyping. In the theoretical framework of convergent and divergent thinking
[9], need finding consists of convergent and divergent thinking, whereas ideation
is convergent thinking, and prototyping is divergent thinking. While this overlap
of elemental properties can be observed in the class analysis, it becomes clearer
in a sub-class analysis where all combinations of models were built using only
two of the three modes. The results are shown in Table 4. The best ideation and
prototyping model outperforms the other two best models with an improvement
over the random baseline of 0.3. The improvements for the other two models
are 0.16 (NF-I, 90%) and 0.17 (NF-P, 80%). Furthermore, an F1 score of 0.94
is reached for the ideation and prototyping model, which approaches a perfect
F1 score of 1.0. In other words, these findings show that while ideation and
prototyping can be distinguished almost perfectly, it is more difficult to identify
the difference between need finding on the one hand and ideation and prototyping
on the other. This supports hypothesis H4, indicating that need finding shares
divergent thinking with ideation and convergent thinking with prototyping.

Table 4. Subclass analysis, where the subscripts of b, nf, id and pr correspond to
baseline, need finding, ideation and prototyping.

Cut off Model F1b F1 P R F1nf F1id F1pr

50 NF-I 0.51 0.57 0.62 0.63 0.29 0.75 –

60 NF-I 0.5 0.58 0.66 0.62 0.41 0.72 –

70 NF-I 0.5 0.52 0.52 0.53 0.39 0.62 –

80 NF-I 0.51 0.54 0.54 0.55 0.45 0.62 –

90 NF-I 0.54 0.7 0.72 0.71 0.78 0.6 –

50 NF-P 0.5 0.67 0.72 0.69 0.57 – 0.76

60 NF-P 0.51 0.71 0.75 0.73 0.56 – 0.81

70 NF-P 0.53 0.71 0.76 0.74 0.52 – 0.82

80 NF-P 0.55 0.72 0.75 0.76 0.46 – 0.84

90 NF-P 0.63 0.74 0.79 0.79 0.38 – 0.87

50 I-P 0.50 0.67 0.68 0.68 – 0.63 0.71

60 I-P 0.49 0.72 0.72 0.72 – 0.64 0.77

70 I-P 0.51 0.76 0.76 0.77 – 0.69 0.81

80 I-P 0.52 0.84 0.85 0.85 – 0.77 0.89

90 I-P 0.64 0.94 0.95 0.95 – 0.86 0.97
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5 Conclusion

Our research set out to answer the question: Can the DT mode of an individual
in a team be predicted using team rotation features? Using proxemic and par-
alinguistic signals in face-to-face conversational interactions captured through
sociometric badges, we introduce novel predictive models of the DT mode. We
analyzed a data set of NPD teams using design thinking, and we found that the
DT mode can be predicted well above random chance by the predictive mod-
els, thus reproducing the self-reported labeling of the recordings on previously
unseen examples.

We answered our research question to what extent DT modes can be pre-
dicted from social signals. With an overall F1 score of 0.68 and a best-performing
sub-class model of 0.94, the analysis demonstrated the efficacy of context detec-
tion during CPS episodes within teams based on social signals alone. The anal-
ysis shows the potential and challenges involved in detecting context during DT
meetings and thus supports the idea of further studying context-aware systems
which can provide teams with relevant information, such as resources or guid-
ance.

However, our findings should be interpreted in consideration of the small
sample size. Future research should focus on increasing the sample size, expand-
ing the set of contexts detected, and revisiting the selected featured to optimize
model performance.
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Abstract. Due to the importance of usability, multiple usability evaluation meth-
ods have been proposed that help Human-Computer Interaction (HCI) specialists
determine whether the interfaces of a software product are usable, easy to use,
understandable, and attractive. Among these methods, the heuristic evaluation
proposed by Jakob Nielsen is the one that stands out. Although Nielsen offers
general guidelines for the execution of heuristic evaluations, very few authors of
different studies present a formal agreement or process on how the evaluations
should be carried out, which leads us to the problem of the absence of a com-
parative analysis that allows determining the most appropriate formal evaluation
process to carry out heuristic inspections. To complement, some proposals found
in the literature compare the results of the execution of heuristic evaluations, the
definition of new heuristics, qualification forms, and the formalization of the com-
plete process in 5 phases. Although these proposals contribute to the formalization
of the heuristic evaluation process, the literature review has not provided a com-
parative analysis that allows determining which is the most appropriate, which
could cause usability evaluators to interpret and carry out their own procedure,
which would lead to inaccuracies in the results and increase the probability of
improperly executing the inspection. The purpose of this study was to elaborate a
comparative table of the formal processes; this allowed the grouping of the vari-
ous studies found in the literature, to select a process, and thus, and to model by
a BPMN tool the whole process. Finally, this process modeled was validated by
expert judgement of HCI specialists.
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the use, acceptance, and interaction of users with those software products [1]. Due to
the importance of usability, multiple usability evaluation methods have been proposed
that help Human-Computer Interaction specialists determine whether the interfaces of
a software product are usable, easy to use, understandable, and attractive. Among these
methods, the heuristic evaluation proposed by Jakob Nielsen is the one that stands out
[2]. Although Nielsen offers general guidelines for the execution of heuristic evalua-
tions, very few authors of different studies present a formal agreement or process on
how the evaluations should be carried out, which leads us to the problem of the absence
of a comparative analysis that allows determining the most appropriate formal eval-
uation process to carry out heuristic inspections [3]. To complement, some proposals
found in the literature compare the results of the execution of heuristic evaluations, the
definition of new heuristics, qualification forms, and the formalization of the complete
process in 5 phases: planning, training, evaluation, discussion, and report. Although
these proposals contribute to the formalization of the heuristic evaluation process, the
literature review has not provided a comparative analysis that allows determining which
is the most appropriate, which could cause usability evaluators to interpret and carry
out their own procedure, which would lead to inaccuracies in the results and increase
the probability of improperly executing the inspection. As the objective of this study, a
comparative table of the formal processes was elaborated, and this allowed the grouping
of the various studies found in the systematic literature review, which have used proto-
cols or formal processes that contribute, to a certain extent, to the execution of heuristic
evaluations. This grouping made it possible to measure and compare the characteristics,
the degree of coverage, and the benefits of each one, and the result led to a complete
formal process. This result was achieved using a systematic review of the literature,
where the question sought to be answered: “what are the characteristics of the protocols
or formal processes that are being used to improve the performance of heuristic eval-
uations of software products?”. The comparison of the characteristics gave as a result
that the formal process that is part of the category “Formal processes with duly defined
steps” obtained the best results by providing a positive response for each of the criteria
when contributing to the entire evaluation process heuristics through duly defined steps
and by consolidating the different ways in which the evaluations are carried out into
one, allowing the interpretations of the usability evaluators to be reduced in how to carry
them out.

Additionally, the detaileddiagramof the selectedprocesswasmadewith the objective
of modeling in detail the steps and tasks that must be followed to carry out the process
correctly and without room for different interpretations by the evaluators who use it.
In addition, the main process has been divided into the execution of 5 sub-processes
that correspond to the steps indicated in the selected formal process: (1) planning, (2)
training, (3) evaluation, (4) discussion and (5) report. This result was achieved using the
Bizagi BPMN Modeler tool [4], which allowed the design and modeling of the process
through the BPMNnotation. This modeling consisted of 6 flows that are presented in this
research. All these deliverables were validated by expert judgement of HCI specialists.

This paper is structured as follows: In Sect. 2, we describe the main concepts belong-
ing to the Human-Computer Interaction area used in the study. In Sect. 3, we present the
result of the systematic literature review that answers the question of the characteristics
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of the protocols or formal processes that are being used to improve the performance
of heuristic evaluations of software products. In Sect. 4, we present the comparative
analysis and discussion of the protocols or formal processes and the selected process for
this research. In Sect. 5, we present the modeling of the selected formal process using
the Bizagi BPMN Modeler tool, and its validation. Finally, in Sect. 6, we present the
conclusions of the research and the future works to be done.

2 Background

In this section, we present the main concepts related to this work.

2.1 Usability

Usability, according to ISO 9241-210-2019 [5], is the “extend towhich a system, product
or service can be used by specified users to achieve specified goals with effectiveness,
efficiency, and satisfaction in a specified context of use”.

Additionally, Jacob Nielsen [6] defines it as the evaluation of five attributes the user
interface of a system must have, which are the following:

• Learnability: The system should be easy to learn so that the user can perform some
tasks with the system as quickly as possible.

• Efficiency: The system should be efficient during its use to provide the highest level
of productivity possible.

• Memorability: The system should be easy to remember so that the casual user can use
it again after a period of leaving it, without the need to relearn how it works.

• Errors: The system should provide a low error rate so that users make as few errors
as possible and can quickly recover from them. Errors considered cata-strophic must
not occur.

• Satisfaction: The system should be pleasant to use so that users are subjectively
satisfied while using it.

2.2 Heuristic Evaluation

According to Andreas Holzinger [7], Heuristic Evaluation (HE) belongs to us-ability
inspection methods and is the most common informal method. For its exe-cution, it
requires usability experts who can identify if the dialogue elements or other interactive
software elements follow the established principles of usability.

According to Jacob Nielsen [6], the heuristic evaluation allows the inspection of
what is good and bad in the interface of a system, which could be done through one’s
own opinion or, ideally, using well-defined guidelines. The author alsomaintains that the
main goal of the evaluation is to find usability problems in the design of an interface that
is carried out through a group of evaluatorswhowill inspect and judge it through usability
principles called heuristics. Additionally, a single evaluator can find only 35% of the
usability problems in an interface; however, each evaluator usually encounters different
types of problems; for this reason, he recommends the participation of 3 to 5 evaluators
to obtain the best cost-benefit ratio. These evaluations are performed singularly, and
then, upon completion, the results are compared for overall usability analysis.
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2.3 Systematic Literature Review

According to BarbaraKitchenham and Stuart Charters [8], Systematic Literature Review
(SLR) consists of identifying, evaluating, and interpreting the most relevant available
studies and answering review questions about an area or phenomenon of interest. Addi-
tionally, for this study, we will use the formal protocol proposed by Kitchenham that
consists of the review being carried out in three phases: (1) planning, (2) conducting and
(3) reporting.

Planning consists of defining stages to identify the need for the review, as well
as the specification of research questions, developing and evaluating review protocols.
Additionally, the conduction will allow the identification of the review, selection of
primary studies, as well as the extraction, monitoring and synthesis of data. Finally, the
reporting phase will facilitate the specification of propagation mechanisms, as well as
provide formatting and review of the main report generated.

2.4 Heuristic Evaluation Formal Process

According to Freddy Paz [9], it consists of a framework that has a base in the analysis of
case studies that will provide a structured way to execute of the heuristic evaluation to
reduce the different interpretations that arise now of its use. An example of the formal
process is the one defined by the author, who establishes five phases for its execution:
(1) planning, (2) training, (3) evaluation, (4) discussion and (5) report.

3 Characteristics of Protocols or Formal Processes Used to Improve
the Performance of Heuristic Evaluations

According to our previous research’s systematic literature review [3], the answer to the
research question of “what are the characteristics of the formal protocols or processes
that are being used to improve the performance of heuristic evaluations in software
products?” was divided by grouping the information obtained by 33 studies into 6 main
protocols. Table 1 shows the selected primary studies to answer the review question.

Table 1. Selected primary studies

ID Study Quote Search engine

S01 Usability Problem Areas on Key International and Key Arab
E-commerce Websites

[10] Scopus

S02 Usability evaluation of web-based interfaces for Type2
Diabetes Mellitus

[11] Scopus

S03 Heuristic Evaluations of Cultural Heritage Websites [12] Scopus

S04 PROMETHEUS: Procedural Methodology for Developing
Heuristics of Usability

[13] Scopus

S05 A formal protocol to conduct usability heuristic evaluations in
the context of the software development process

[14] Scopus

(continued)
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Table 1. (continued)

ID Study Quote Search engine

S08 Observation and heuristics evaluation of student web-based
application of SIPADU-STIS

[15] Scopus

S09 Usabilidad en sitios web oficiales de las universidades del
ecuador

[16] Scopus

S10 The E-health Literacy Demands of Australia’s My Health
Record: A Heuristic Evaluation of Usability

[17] Scopus

S11 Experimental validation of a set of cultural-oriented usability
heuristics: e-Commerce websites evaluation

[18] Scopus

S12 A heuristic evaluation on the usability of health information
websites

[19] Scopus

S13 Websites with multimedia content: A heuristic evaluation of
the medical/anatomical museums

[20] Scopus

S14 A Heuristic Evaluation for Deaf Web User Experience
(HE4DWUX)

[21] Scopus

S15 A comparative study of video content user interfaces based on
heuristic evaluation

[22] Scopus

S16 Heuristic evaluation for Virtual Museum on smartphone [23] Scopus

S17 A User-Centered Design for Redesigning E-Government
Website in Public Health Sector

[24] Scopus

S18 Developing Usability Heuristics: A Formal or Informal
Process?

[25] Scopus

S20 Método para la evaluación de usabilidad de sitios web
transaccionales basado en el proceso de inspección heurística

[9] Alicia Concytec

S21 Usability testing of conferences websites: A case study of
practical teaching

[26] Scopus

S22 Evaluating the usability of the information architecture of
academic library websites

[27] Scopus

S23 A perception study of a new set of usability heuristics for
transactional websites

[28] Scopus

S24 Comparing the effectiveness and accuracy of new usability
heuristics

[29] Scopus

S26 Quantifying the usability through a variant of the traditional
heuristic evaluation process

[30] Scopus

S27 University students’ heuristic usability inspection of the
national library of Turkey website

[31] Scopus

S28 Usability heuristics evaluation in search engine [32] Scopus

S29 A collaborative RESTful cloud-based tool for management of
chromatic pupillometry in a clinical trial

[33] Scopus

(continued)
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Table 1. (continued)

ID Study Quote Search engine

S30 Heuristic Evaluation of eGLU-Box: A Semi-automatic
Usability Evaluation Tool for Public Administrations

[34] Scopus

S31 The Relationship of the Studies of Ergonomic and Human
Computer Interfaces – A Case Study of Graphical Interfaces in
E-Commerce Websites

[35] Scopus

S32 Evaluation of usability heuristics for transactional web sites: A
comparative study

[36] Scopus

S33 Heuristics for grid and typography evaluation of art magazines
websites

[37] Scopus

S34 Usability of tourism websites: a case study of heuristic
evaluation

[38] Scopus

S35 Programmer experience: a set of heuristics for programming
environments

[39] Scopus

S36 Exploring the usability of the central library websites of
medical sciences universities

[40] Scopus

S37 Heuristic Usability Evaluation of University of Hong Kong
Libraries’ Mobile Website

[41] Scopus

Also, Table 2 shows the protocols or formal processes and the studies in which they
were found.

Table 2. Studies that include protocols or formal processes used for heuristic evaluations

Protocol or formal process Research studies # Studies

Definition of new heuristics S01, S03, S04, S11, S14, S18, S22, S23,
S24, S29, S31, S32, S33, S35

14

Nielsen derived evaluation items S12, S13, S15, S21, S27, S28, S30, S34,
S36, S37

10

Comparison and grouping between
evaluations

S01, S08, S10, S17, S18, S23, S24, S32 8

Qualification methods S02, S16, S34 3

Methodologies applied to heuristic
evaluation

S09, S22, S26 3

Formal processes with properly
defined steps

S05, S20 2
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Descriptions of formal protocols or processes and their benefits are presented below.

1. Definition of new heuristics: Definition of new heuristics is a fundamental protocol
applied in the execution of heuristic evaluations since, despite having the Nielsen
heuristics, these will not always be able to cover what is required for the usability
evaluation of a particular software [S01&S03], as well as relate to the object of study
[S04]. For this reason, the benefits obtained with the definition of new heuristics are
the best representation of the case study [S01] that could not be performed using only
Nielsen heuristics [S03] and obtaining usability problems that are desired to be found
in a particular system [S04, S11, S14, S22, S23, S24, S29, S31, S32, S33 & S35].
Additionally, methodologies applied to the generation of new heuristics [S18] such
as PROMETHEUS are presented, which will allow dividing the process into stages
that validate that the heuristics are being properly constructed, iterating through a
refinement step if necessary [S04].

2. Nielsen derived evaluation items: One of the protocols used for the evaluation that
is derived from Nielsen is the use of its ten heuristics in conjunction with the eight
Schneiderman golden rules for grouping them into evaluation elements [S12]. Addi-
tionally, in another protocol, phases are used for the application of the evaluation,
which consist of the initial navigation on the website to judge the flow, perception
and dynamics of the interaction, and then, in the second phase, use the metrics of
Nielsen usability heuristics [S13]. Other studies show that Nielsen heuristics could
be used in conjunction with metrics to enrich the collected data [S27], with attributes
defined in ISO / IEC 25023 [S28] and in conjunction with case study-specific heuris-
tics [S34]. Finally, the ten Nielsen heuristics could also be applied by themselves to
perform usability evaluations [S15, S21, S30, S36 & S37].

3. Comparison and grouping between evaluations: Comparison of results of the exe-
cution of heuristic evaluations between the country to be evaluated versus key inter-
national pages allows providing improvement indicators and recommendations of
good practices [S01]. Likewise, evaluation questions grouping allows comparisons
between the generated groups to be made, in order to obtain more precise answers
[S08]. Additionally, dividing heuristic evaluations into groups by used heuristics
allows comparisons to be made of how many usability problems have been found
with each one [S10]. Complementarily, if a heuristic evaluation is made to a website
and then an additional one is made to the improved site as a result of the first evalua-
tion, it will be possible to quantitatively compare how much the score has improved
[S17]. Finally, comparing test execution with Nielsen heuristics in contrast to newly
designed heuristics allows the measurement of their effectiveness [S18, S23, S24 &
S32].

4. Qualification methods: The use of Nielsen severity rating and Olson’s ease of fix will
allow providing a quantitative assessment according to the severity of the usability
problem encountered and how easy or difficult it will be to fix it [S02]. Likewise,
another form of rating is the use of a heuristic evaluation questionnaire that consists
of assigning a score of five points on the Likert scale for the evaluation of prototypes
[S16], as well as adding structured sub-elements to the defined heuristics whose
questions can be used by evaluators. [S34].
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5. Methodologies applied to heuristic evaluation: The protocols oriented to heuristic
evaluation methodologies show the proposal for the use of a heuristic method based
on ISO-9241–151 standard that consists of the execution of a heuristic evaluation
by applying indicators divided into criteria that allow each indicator to be assessed,
which facilitates the evaluation of results by the criterion as well as in general [S09].
In addition, a framework is defined for the evaluation of dialogue elements in web
pages so that the evaluators consider the same previously defined elements to be
evaluated, as well as a definition of a workflow that allows its applicability in other
types of software [S22]. Finally, the definition of a quantitative evaluation procedure
of the results of a heuristic evaluation is proposed to obtain consistent andquantifiable
results without the need for user participation [S26].

6. Formal processes with properly defined steps: The heuristic inspection process can
be fully formalized through five duly defined steps: (1) planning, (2) training, (3)
evaluation, (4) discussion, and (5) report [S05 & S20]. In this way, this formalization
consolidates the different ways in which evaluations are carried out into a single one,
allowing interpretations on how to carry them out to be reduced [S05 & S20].

4 Comparative Analysis and Discussion

After grouping the studies according to their main characteristics, a comparative table
was made that allowed the comparison of said protocols or formal processes, in general
criteria such as the level of coverage, which consisted of qualifying the contribution
to the heuristic evaluation process to classify them in one of the following levels as
appropriate: Low, Medium and High. In addition, the benefits found and the types of
software evaluated by each one were shown. Finally, the definition of new heuristics
protocol was not taken into consideration, since, although it is a formal process, the
direct contribution to the heuristic evaluation process is not as significant as it only
results in new heuristics for inspection. Table 3 shows the characteristics mentioned.

Table 3. Characteristics of the protocols or formal processes

Protocol or formal
process

Coverage level of the
heuristic evaluation
process

Found benefits Application

Nielsen derived
evaluation items

Medium: They contribute
mainly to the execution of
the heuristic evaluation by
using the Nielsen
heuristics to carry out the
evaluation together with
additional elements that
allow improving the
inspection

(1) They allow for
quantitative results when
using metrics related to
Nielsen’s heuristics
(2) They allow the
heuristic evaluation to be
carried out, covering the
demands proposed by
conventional professional
standards
(3) They allow adding
additional heuristics in
conjunction with the
Nielsen heuristics

Health information
websites, medical
museums, conferences,
libraries, and tourism, as
well as video content
interfaces

(continued)
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Table 3. (continued)

Protocol or formal
process

Coverage level of the
heuristic evaluation
process

Found benefits Application

Comparison and
grouping between
evaluations

Low: They contribute
mainly to the comparison
of results of heuristic
evaluations by proposing
more than one form of
execution to finally
evaluate which is the best

(1) They allow usability
evaluation results to be
compared to generate
good practice
recommendations
(2) They allow us to
compare how much the
results of a new system
have improved compared
to the initial one
(3) They allow to measure
the effectiveness between
groups of heuristics

E-commerce, student,
health, and transactional
websites

Qualification
methods

Medium: They contribute
mainly to the execution of
the heuristic evaluation by
providing protocols that
allow formalizing the
qualification during the
inspection

(1) They allow
determining and
prioritizing which are the
usability problems that
must be solved as soon as
possible
(2) They allow the
structuring of questions
for the evaluators and that
their answers are acquired
quickly

Diabetes screening and
tourism websites as well
as virtual museum mobile
apps

Methodologies
applied to heuristic
evaluation

Medium: They contribute
mainly to the execution of
the heuristic evaluation
through indicators and the
inspection of dialogue
elements. In addition, they
contribute to the results as
they are considered
procedures for obtaining
quantitative results

(1) They allow
assessments to be given
through indicators that
will facilitate the
evaluation of the result by
criteria and in total
(2) They allow all
evaluations to consider the
same navigation elements
(3) They allow obtaining
consistent and quantifiable
results of the evaluation
carried out

University and library
websites

Formal processes
with properly
defined steps

High: They contribute to
the entire heuristic
evaluation process through
duly defined steps:
planning, training,
evaluation, discussion and
reporting

Consolidates the various
ways in which evaluations
are carried out into one,
allowing the
interpretations of usability
evaluators in how to carry
them out to be reduced

Transactional websites
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Additionally, to carry out the comparative analysis, a comparative analysis matrix
was prepared and it allowed the characteristics of each process to be compared through
the following criteria:

• Applied contexts: It is verified if it has been applied in an academic or industrial
context or in both.

• Types of software evaluated: These are the types of software present in the various
studies

• Does it divide the evaluation into duly defined steps?: It is verified if the studies present
the protocol or formal process with indications of steps that must be followed to carry
out the inspection.

• Is it a complement or a new proposal to the evaluation process proposed by Nielsen?:
It is verified if the way of carrying out the evaluation is an adaptation of the process
proposed by Nielsen that includes additional characteristics, or if a new process has
been proposed.

• Does it include previous training for evaluators?: It is verified if the previous training
for evaluators is included as part of the protocol or formal process.

• The validation of the submitted proposal is evidenced: It is verified if the protocol or
formal process used in the studies has been validated.

• Result of the evidence: Detail of the evidence of the validation of the proposal, if any.
• Coverage level of the Heuristic Evaluation: Measurement of the coverage of the
evaluation, which can be (1) Low, (2) Medium or partial, (3) High or total.

• Description of coverage: Justification of the level of coverage of the evaluation.
• Benefits found: Detail of the benefits found by the use of the protocol or formal
process.

Table 4 shows a summary of the comparative analysis matrix with the result of its
five measurable criteria that were considered because they were the ones that allowed a
comparative analysis between the protocols and formal processes to give a measurable
answer in how much was contributed in the heuristic evaluation process.

Table 4. Summary of the comparative analysis matrix

Protocol or
formal process

Does it
divide the
evaluation
into duly
defined
steps?

Is it a
complement or
a new proposal
to the evaluation
process
proposed by
Nielsen?

Does it
include prior
training for
evaluators?

The
validation of
the submitted
proposal is
evidenced

Coverage
level of the
Heuristic
Evaluation

Nielsen derived
evaluation items

No Complement No No Medium or
partial

Comparison and
grouping
between
evaluations

No Complement No No Low

(continued)
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Table 4. (continued)

Protocol or
formal process

Does it
divide the
evaluation
into duly
defined
steps?

Is it a
complement or
a new proposal
to the evaluation
process
proposed by
Nielsen?

Does it
include prior
training for
evaluators?

The
validation of
the submitted
proposal is
evidenced

Coverage
level of the
Heuristic
Evaluation

Qualification
methods

Yes (one
study)

Complement No No Medium or
partial

Methodologies
applied to
heuristic
evaluation

No Complement No No Medium or
partial

Formal
processes with
properly defined
steps

Yes New proposal Yes Yes High or
total

The comparison of the characteristics gave as a result that the formal process that
is part of the category “Formal processes with properly defined steps” obtained the best
results by providing a positive response for each of the criteria by contributing to the
entire heuristic evaluation process through duly defined steps and by consolidating the
different ways in which evaluations are carried out in one, allowing the interpretations of
usability evaluators on how to carry them out to be reduced. For this reason, this formal
process was selected as the basis of this research project.

5 Selected Formal Process BPMNModel

The detailed diagram of the selected process was made with the aim of modeling in
detail the steps and tasks that must be followed to carry out the process properly, and
that there is no room for different interpretations by the evaluators who use it. In addition,
the process has been divided into the main flow that consists of the execution of 5 sub-
processes that correspond to the steps indicated in the selected formal process [9]: (1)
planning, (2) training, (3) evaluation, (4) discussion and (5) report.

This result was achieved using the Bizagi BPMN Modeler tool, which allowed the
design and modeling of the process through the BPMN notation which consisted of 6
flows that are detailed below:

• General: Flow in which all the threads that must be followed to carry out the process
in its entirety are described. Figure 1 shows the BPMN diagram of said process flow.
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Fig. 1. General process flow diagram

• Planning: Flow that defines the initial phase related to the preparation of the heuristic
evaluation. In this phase, the evaluation manager carries out the preliminary steps
to carry out the evaluation. Likewise, the objective and scope of the evaluation, the
software product to be evaluated, the profiles and the number of evaluators that will
make up the team, the set of heuristics and the evaluation template to be used are
defined. Once the above has been defined, the professionals who will form part of
the evaluation team are recruited. Figure 2 shows the BPMN diagram of said process
flow.

Fig. 2. Planning flow diagram
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• Training: Flow that defines the training phase for evaluators with little or no experi-
ence. In this phase, the evaluation manager prepares a training session for the eval-
uators who belong to the mentioned criteria. Once the training has been completed,
the manager informs the evaluation team of the goals, objectives, framework criteria
and a general idea of the software product, as well as the type of evaluation to be
carried out, so that the team can then carry out a free exploration of system interfaces.
Figure 3 shows the BPMN diagram of said process flow.

Fig. 3. Training flow diagram

• Evaluation: Flow that defines the execution phase of the heuristic evaluation of the
interfaces of the selected software product. In this phase, the evaluation team examines
the interfaces and depending on the experience of the evaluator; the flow will be
continued in one of two ways:

(1) If the evaluator has experience, he should carry out the evaluation by identifying
the usability problems in the interfaces by taking screenshots of the problems
found, to later associate them with the heuristic principles that were not fulfilled
and document them in the evaluation template.

(2) If the evaluator has little or no experience, he should first familiarize himself
with the heuristic principles and then proceed with the evaluation following one
of two options: (a) Reviewing the complete list of heuristics to identify problems
according to what is learned and remember at the time, taking screenshots and
documenting your findings in the assessment template. (b) Identifying problems,
taking screenshots, and documenting in the evaluation template considering only
one heuristic at a time.
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Figure 4 shows the BPMN diagram of said process flow.

Fig. 4. Evaluation flow diagram

• Discussion: Flow that defines the elaboration phase of the final list of usability prob-
lems by determining if the problem has been found by more than one evaluator or if it
really refers to a usability problem. In this phase, the evaluation manager verbalizes
each of the problems so that the evaluator who identified the problem can provide
more details and evidence of each one. Then, the team determines if the identified
aspect really refers to a usability problem, if it is not considered so, the evaluator will
determine if it still considers that it is a usability problem, otherwise, it is discarded.

If it is a relevant aspect and the problemwas identified bymore than one evaluator,
it must be determined whether it is the same incident or different usability aspects.
If it is the same incidence, a definition and description of the problem is prepared
collaboratively, otherwise, it is classified as a usability problem to be discussed later.

Then, if the identified aspect was classified as a usability problem, it must be
determined if it clearly expresses the incident to which it refers. If not, a definition
and description of the identified problem is prepared. Finally, this problem is included
in the final list.
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Figure 5 shows the BPMN diagram of said process flow.

Fig. 5. Discussion flow diagram

• Report: Flow that defines the assignment of a severity and frequency value to each
problem, to determine which are the problems that should be solved most urgently.
In this phase, the assessment manager sends the consolidated list to each member of
the team. Then, each evaluator must rate the severity and frequency of each problem
and then average the scores assigned individually and calculate the standard deviation
together with the ratings made by the entire team. In case the standard deviation
value is high, the reasons for assigning the severity and frequency values should be
discussed, to later reach a consensus on the criticality.

Finally, the evaluation team must offer possible solutions for each of the problems,
also highlighting the positive aspects of the proposed interfaces, to prepare a final report
that describes all the results of the heuristic evaluation process. Figure 6 shows the
BPMN diagram of said process flow.

For the validation of the modeling realized, an HCI specialist was interviewed who
validated 100% of the result by confirming that all the criteria were successfully met, as
presented in the interview. These criteria were the following:

• The detailed diagram of the formal heuristic evaluation process selected in BPMN
format was presented using the Bizagi BPMN Modeler tool.

• The flow of the process was clearly understood with no room for it to be interpreted
in more than one way.

• The process was correctly modeled using standard BPMN notations for process
modeling.

• The process was adequately explained, and the questions asked about it were clearly
answered.
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Fig. 6. Report flow diagram

6 Conclusions and Future Works

The objective of this research was to select and model a formal process of heuristic
evaluation applicable to the usability inspection process of software products through a
comparative analysis, whose results were the following: (1) a comparative table of the
formal processes documented in the literature to carry out a heuristic evaluation and (2)
a detailed diagram of the selected process modeled in BPMN.

The first result of this objective was achieved by developing a comparative table with
the formal processes obtained as part of the systematic review of the literature, where five
protocols or formal processes were evidenced that were compared through 5 measurable
criteria. After analyzing all the process proposals, it was possible to conclude that the
formal process “Formal processes with duly defined steps” was the most appropriate,
because it fully covered the heuristic evaluation process, complied with dividing the
evaluation into duly defined steps and because it included prior training for evaluators
unlike the others.

Additionally, it was presented as a new proposal to the evaluation process proposed
by Nielsen, where its validation was evidenced through case studies that allowed to find
a greater number of severe and critical problems, as well as that the evaluators tend to
make fewer errors compared to the Nielsen process.

The second result of this objective was achieved bymodeling the process through the
BPMN notation, where the flow that must be followed to carry out the process properly
was presented in detail. The process modeled was validated by expert judgement.

By complying with the two mentioned results, it is concluded that the objective
has been met, since a solution has been given to the problem caused by the absence
of a comparative analysis of the formal processes documented in the literature, having
prepared a table with criteria that allowed to quantitatively and qualitatively evaluate
the formal processes found in the systematic review of the literature, and to be able to
recommend the process with the best indicators after reviewing the results obtained.



44 A. Lecaros et al.

For future works, the formal process selected in this study will be taken into con-
sideration as the basis for developing a software tool that allows the automation of the
heuristic evaluation process, since, in this way, the well-defined steps could be repre-
sented in said system as support to usability evaluators in their heuristic inspections
regardless of their experience level.
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Abstract. Quickly uncovering innovation opportunities from trends is an impor-
tant step in the pre-design phase and an essential skill for designers. However, there
is no specific and detailed set of methods on how to get design inspiration by ana-
lyzing trends. In our research, we designed and validated an innovative approach
in using heuristic cards to expand on design trends. The first is the acquisition
of trend keywords. Through the collection of relevant trends of a research topic,
some keywords are extracted by the method of text summarization. Next, research
on trend-based creative stimulation is carried out, using the acquired trend key-
words to make physical cards, which are used by designers for brainstorming and
design inspiration. This form can assist designers in the divergence of thinking in
the early stage of design. The third part describes how to evaluate the effective-
ness of the process in stimulating creativity. This method can help designers turn
intangible trends into tangible, exploitable design opportunities that can be better
utilized.

Keywords: Trend · Trend analysis · Card heuristic · Co-creation

1 Introduction and Motivation

1.1 Trend Analysis

Design as a contemporary material-making activity, design objects act as a mirror of the
times, mapping out trends in social change, cultural changes, and lifestyle changes, and
fully reflecting current political, cultural and economic forms. A thorough understanding
of design trends can help us understand the age and society and reflect them better in
design. Evans [1] believes that trend analysis is an integral part of the design process.
When designing products, the trends often provide designers with inspiration, material,
and motivation. From the vast amount of social and cultural resources, designers can
access cultural genes, inspire their designs, make the rightmarket decisions. Finally, they
design products that meet people’s lifestyles effectively, thus continuously satisfying
people’s potential needs for material and spiritual aspects and increasing the core value
of the products.

As material living standards continue to rise, people devote their attention to chas-
ing fads and enhancing their tastes. Trends are gradually expanding in scope, with the
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influence of trends gradually extending from the fashion sector to the home, design,
interior, media, advertising, and travel industries, setting the direction for future product
and service launches. And as society progresses, product development cycles accelerate,
the cycle of integration into mainstream culture becomes shorter, and product homoge-
nization becomes severe. Issues such as global competition, market saturation and rapid
product evolution have led companies to rethink the path to developing new products.
The ability to understand and stay ahead of trends has become a strategic tool for new
product development [2], and many companies have placed new demands on designers:
to quickly tap into innovation opportunities from fashion trends and industry trends.
In short, the analysis of trends has a positive impact on the translation of designers’
knowledge, the development of innovative corporate products and the development of
marketing strategies.

Trends potentially influence the development of design, and design also leads the
trends. Trendsmust exist and change alternatively in virtue of the design, production, and
circulation of objects. However, it is not enough to study and list the trends in relation to
an industry. It is crucial to clarify the meaning and implications of trends into concrete,
actionable and implementable ways. We therefore attempt to translate the intangible
trends into tangible and exploitable design opportunities through some methods.

1.2 Feature of Trends

A distinctive feature of trends is that they do not form easily overnight, but rather
they emerge gradually. Firstly, weak signals of trends appear in seemingly disorganized
dots at the edges of society, which at first appear unrelated, irregular, and hardly ever
meaningfully connected. As time passes, these dots form patterns that converge and
evolve into a dominant trend [3], as shown in Fig. 1.

Fig. 1. The Process of trend formation

1.3 Factors Influencing Trends

Design trends are influenced by many factors. Changes in the political landscape, eco-
nomic developments, technological innovations as well as cultural changes and human
needs all influence trends. And these influences can change the macro trends in society,
which are often referred to as ‘revolution’. Specifically, technology is a passive chooser
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of design, and design chooses which technology to use, as well as being an active change
agent, with technology driving design forward. In the case of design, cultural differences
create design diversity, and design diversity further influences and reinforces cultural
differences. In terms of human psychological needs, both the search for commonality
and the search for difference are constantly driving design trends. In simple terms, the
search for common ground drives the acceptance of a new trend, while the search for
difference drives the public to tire of a trend and to pursue a different design trend. Vejl-
gaard [4] sees trends as processes of change that arise because of product development
and lead to new products. The emergence of new products also affects design trends.

1.4 Stimulate Creative Ideas

Idea Stimulation. Idea stimulation is the design process of uncovering potential ideas
[5], which can lead to early ideas for the styling and functional design of a product. Some
of the current challenges to creative stimulation include, design entrenchment, functional
entrenchment, the neglect of analogical relationships, and narrow verbal associations
[6]. The key to solving these problems lies in providing designers with a sufficiently
rich design stimulus. Design stimuli are triggers or springboards for design ideas or
concepts, effectively facilitating the generation of design innovation by reducing the
cognitive difficulty of accessing design starting points, introducing useful information,
and quickly expanding the search space [7].

The purpose of the concept generation stage is to conceive asmany creative solutions
as possible that meet the requirements of the design problem definition, so that there
are enough solutions to be screened during the thinking process. Design heuristics are
cognitive strategies applied to design problems that can take designers to different parts
of the potential design solution space during the concept generation phase [8]. Design
heuristics is a transformational strategy that introduces an existing concept into a chang-
ing form to foster a possible design idea. We use methods to extract design heuristics
from different trends [9].

Card Heuristic. Card is an effective tool for transferring knowledge between theory
and practice, hence the choice of the card format as a tool. The card heuristic we used
allows for divergent associations through several random card connections, allowing for
an infinite collision of ideas within a limited number of elements to inspire designers,
expand the boundaries of their thinking and help to capture a large number of creative
ideas. Between the inevitability of the connection and the serendipity, the potential for
disruptive innovation can exist.

1.5 Motivation

Based on the characteristics of trends and the factors influencing them, this paper pro-
poses the use of card heuristics for creative stimulation and the search for new design
opportunities. We use links between cards to stimulate ideas. The reason is that trends
are inherently complex, interactional, and interrelated. Through the connections between
trends, insight and inspiration can be gained.
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As far as we know, no research has been found that gives a more effective approach
to how to use trends, but only some trend keywords for designers to use. We have
designed and validated a new approach that addresses this issue in an innovative way.
We strive to provide a practical and hands-on approach to trend analysis that can help
designers find connections between trends and disperse them. In addition, we aim to
gain a deeper understanding of the interaction between individuals in a group creativity
process. With the method we have developed, we will provide an effective approach
on how to conduct pre-design trend analysis, which can bring new insights to research
and practice. It should be noted that our approach is mainly aimed at novice designers,
as they lack some experience in getting inspiration than expert designers. And expert
designers have enough experience to acquire trends and translate them into concrete
designs.

1.6 Introduction

In this section, we focus on the importance of trend analysis and the salient features and
influences of trends, as well as specific methods of creative stimulation. Through the
combination of trends and stimulating creativity, we have devised a method, based on
the card-inspired approach to design trend analysis and innovation. In the next chapters,
we present the specific research. The research is divided into two parts, including the
acquisition of trend keywords and the stimulation of trend-based ideas. The first study
was a collection of relevant trends for a particular research topic, using an extractive
text summary method to extract several keywords. The second study was to use the
trend keywords obtained in the first part to create physical cards that designers used to
brainstorm. This format aids the designer in the early stages of the design process by
allowing for a meeting of minds and an exchange of ideas. The third part will be how to
evaluate the effectiveness of the process in stimulating creativity.

2 Research

2.1 Study 1

There are many methods of trend analysis, which are mainly divided into qualitative
method by analyzing trend influencing factors and quantitative method based on trend
representation data analysis. Qualitative analysis methods include PESTLE model [10].
In addition, there are methods based on data analysis, which go through the process of
expert information collection and intuitive judgment at the beginning, and then computer
technology for prediction and analysis, as shown in Table 1. Through the following
comparison, we can know that the trend analysis method using computer can ensure the
accuracy and scientific nature of trend analysis. Therefore, we choose to use big data
technology for analysis.
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First, we need to identify which areas to trend from. Since the PESTLE model is
primarily used for corporate strategic planning, we decided to refine themodel to analyze
six major influencing factors for design. They are economy, culture, technology, society,
human needs, and current design. For the four aspects of economy, culture, technology,
and society, we mainly look for hot news, national policy documents, etc. These are
generally recent or current society, culture, economy, environment, or technological
events, especially those expected to have a significant impact on the design in the next
2–5 years. For the design trend, we mainly through the well-known design awards, trend
reports, etc. One of our innovations is to capture trends from diverse and heterogeneous
data and a vast amount of hot information. Using the method of abstracted text summary
[11], several keywords are extracted. More than 70 keywords were obtained by word
clustering. The use of advanced big data acquisition technology is more efficient and
more comprehensive than the manual collection of designers in the past. The specific
technical route is shown in Fig. 2. Some trend keywords are shown in Table 2.

Table 1. Development of data-driven research methods

Before Now

Methods Gather expert information and
make intuitive judgments

Predictive analysis using
computer technology

Area Clothing field Multiple areas

Analyze It generally relies on experts
or professionals to extract and
analyze information

Quantitative analysis

Advantages and disadvantages Completely relying on the
insight and intuition of
researchers cannot guarantee
the accuracy and continuity of
prediction

Efficient, relatively accurate,
effective information
extraction more complex,
high cost

Fig. 2. Step of text summary
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Table 2. Keywords of trends

Area Culture Technology Society Economy Needs

Trends Generation Z New Energy
Vehicle

Glass
Society

Green wave Privacy Right

Metaverse Artificial
Intelligence

Healthy
Crazy

Stakeholder
Economy

Fairness

China
New Wave

NET ZERO Elder
Society

Common
Prosperity

Recognition

Ancient Customs Block Chain Three-child
Policy

The Belt and
Road

Entertainment

2.2 Study 2

The Design of Card. After obtaining the keywords in the first study, we used physical
cards to present them. Physical cards have the following advantages: they can be easily
observed by users, they can be randomly placed together for thinking. Users can play
them together like playing cards, making research more interesting.

The second study involved using the trend keywords obtained in Study 1 to create
physical cards, which were divided into six categories, including social, economic, cul-
tural, technological trends, human needs, and popular design products currently present
in the market, as shown in Fig. 3. Each card would display the keyword for that trend, a
representative image, and a short introduction. The combination of graphic and text can
make designers more intuitive to understand what the trend is.

Fig. 3. The design of trend card
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In terms of how these cards will be used, here are our assumptions. The experimenter
first learns about the cards, and then they can connect the different cards with a line,
randomly combining them. After the combination to brainstorm about their causal rela-
tionships and how they relate to the research topic, and whether the combination offers
better design opportunities. This format can assist designers in the early stages of the
design process by allowing for a meeting of minds and an exchange of ideas. In this
way it can advance the leap of thinking, where the collision of two or three cards will
generate new possibilities with a randomness. The reason we use links between cards
to stimulate ideas is that trends are inherently complex, interactional, and interrelated.
Through the connections between trends, insight and inspiration can be gained.

Procedure of Experiment. The experiment was conducted as follows: ten designers
(four men and six women) with one to two years of design experience were invited
to participate in the experiment. All of them have used trend analysis in their designs
before. The specific process of this experiment is shown in the Fig. 4.

Fig. 4. Procedure of experiment

Stage 1: Self-discovery of Use. In the early stages of the design, some of the cards were
given to the experimenter to use. The experimenters were initially unaware of the cards.
They were first allowed to browse through the cards to familiarize themselves with their
content and freely explore their use to generate new ideas. In general, this takes 1–3 min
per card. During this process, participants can discuss the contents of the cards and offer
their thoughts on the trend. The card usage process is shown in Fig. 5.

The results showed that experimenters were able to use the cards themselves, relying
on their intuition to randomly pick a trend card and associate it with the design theme,
without specifying how to use the cards. A lot of ideas come out of this intuitive and
simple way of thinking.

Fig. 5. Card browsing process
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Stage 2: Explain and Use. The use of the cards is explained to the experimenter, who
can choose 2–4 trend cards to connect according to their interests and use the chosen
cards for 10 min to think out of the box and then present their design concept as a sketch
in 30 min, as shown in Fig. 6. Any number of cards can be combined to create a design
concept. The cards are pasted onto poster-sized canvases. Participants are encouraged
to write descriptions and brief scenes on the canvas to learn more details.

Fig. 6. Schematic diagram of the experiment

During this card linking process, the experimentermay discover that some successful
designs stem from an economic or political trend that has become apparent. A cultural
trend has a profound impact on the product being sought after. A design trend in one
industry may not yet be visible in another but currently seems promising and could
lead to new developments and opportunities. All trends are intertwined and influence
each other, and the connections made through the cards allow for more collisions and
relationships between trends.

Stage 3: Co-creation. The experimenters began to show their canvases and discuss them.
In this process, to better support the idea, design criticism of the design concept at this
stage is best left to a later stage. Additions to the idea are welcome.

3 Evaluation of the Method and Outlook

Our planned evaluation can be divided into two parts. First, we plan to conduct a set of
experiments to specifically assess the effectiveness of the set of cards. We will invite
design experts to assess the quality, quantity, novelty, and diversity of the ideas generated
by the experimenters [12] andwhether the process of brainstorming by the experimenters
was successfully executed. In addition, we plan to examine future developments of this
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method, e.g. whether and how the set of cards can be expanded, and whether the method
can be used in other areas, such as business field. Both evaluations can bring valuable
insights to research and practice.

In our experiments, we did not address a specific design theme. But through this
method, we want to expand the divergent thinking of new designers and help them to
explore innovation with processes and mediators. Once they have learned this method,
they can conduct theme-specific trend collection and design innovation on any design
topic. In a real design project, designers may focus on using trend cards in different
fields when working on different projects. For example, when it comes to cultural and
creative products, trends in culture and design will be taken into account. For products
with high technical content, technical cards are used.

Of course, we also found the drawbacks of using physical cards for design inspiration
in our experiments. When a designer is given a certain number of cards, the designer’s
thinking is limited to a certain extent. In the following research, we want to increase
the number of cards by designing them by designers to make up for the deficiency of
physical cards themselves.

4 Discussion

We present a research process for trend analysis and design innovation. We use a card
heuristic, a method that helps designers to better stimulate creativity and identify market
directions and potential design opportunities. Through our methodology, we provide a
practical and innovative approach to trend analysis that designers can use and implement
when brainstorming. Through our evaluation, we plan to examine the practicality and
effectiveness of our approach. In addition, we plan to investigate the expansion of the
trend cards, which will allow designers to have more references when using the method
in the future. We plan to further investigate the process of interaction between designers
when using the method. Overall, we have designed a novel set of cards about trend
that can contribute to practice in many ways and change or further develop the theories
relevant to designers when brainstorming.
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Abstract. User experience research techniques and tools play a cen-
tral role in the design of digital solutions. This paper reports the use
of proxy users as a source of information about the end users in the
discovery, definition and development stages as part of the Double Dia-
mond design process, which offers a structure that diverges and converges
between its stages, promoting flexibility to suit the project. The design
process of an administrative tool as part of a mobile application to dig-
ital commerce is described and discussed. With the support of proxy
users and the adoption of design tools such as Service Blueprint, User
Journey, Proto-personas and Brainwriting, we arrived at the definition
of the initial requirements for this administrative tool. At the end of the
process, it was possible to recognize that the application of proxy users
in common artifacts for User Experience research enabled the discovery
of information about the end users from intermediaries. Unlike a process
with direct contact with them, in this case, there was a need to carry out
more steps to confirm the data since the user proxy may not represent
the real expectations and needs of the end users.

Keywords: User experience · Proxy users · Double diamond ·
E-commerce

1 Introduction

User-Centered Design (UCD) arises from Human-Computer Interaction (HCI)
and is a methodology applied in software systems design [25]. For Norman [30],
the UCD means to focus on making products that are understandable and easily
usable, corresponding to the users’ needs and desires. In this way, it is possible
to consider that the UCD, applying HCI and User Experience (UX) concepts,
uses design thinking to guide the digital system production to the user’s needs.

One way to use digital environments on the rise is e-commerce. Electronic
commerce (e-commerce) emerged in 1979 by the Englishman Michael Aldrich
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[31] who idealized real-time transactions between different devices. Currently,
on the market, several companies produce solutions for this type of trade. In
this paper, we will present a project developed at Company X1, which provides
software to support digital commerce for other companies, characterized as a
B2B (business to business) relationship.

Among Company X’s products available on the market, interest us Application
Y, a solution for physical stores that enables the integration of products advertised
in the client company’s website catalog with products from physical stores, placing
its customers at the center of the process. The proposal is to avoid the separation
between the physical and virtual entities of the store from the consumer’s point of
view of the products. Company X understands that the digital world is constantly
evolving and recognizes that its products must keep pace with this constant devel-
opment. For this reason, Application Y is under continuous development, seeking
to keep up with market changes and user needs.

Application Y allows the physical store administrator, through a control
panel, to configure some system functionalities to adapt them according to the
store’s needs. However, these settings are applied by editing Javascript pro-
gramming codes in a text field application’s interface. This scenario has made
the configuration process difficult and motivated the creation of a solution with
a graphical interface, avoiding the insertion and direct alteration of the code and
would provide a better user experience through a control panel.

Administrative tools such as control panels [22] are used in systems that involve
users who are not experts in the product to be managed. These tools bring greater
visibility into the system to maintain control and freedom for the user, allow use
flexibility, and help prevent errors. This type of solution can be used for the most
diverse purposes, as in the case of building a database interface [5].

This paper presents an experience report of UX techniques usage and tools
applied to the Double Diamond design process [11] with proxy users’ participa-
tion. Proxy users mediate the contact of the project team with the final users
when there are restrictions or limitations to directly contact them [32].

This experience took place in an industry project linked to digital solutions
for digital commerce to create an administrative module for Application Y. Four-
teen (14) design techniques were adopted distributed in four (4) cycles applied
in the Double Diamond process. These cycles occurred iteratively and incremen-
tally and adapted to the needs presented in each cycle.

This paper is organized as follows: Sect. 2 presents the theoretical back-
ground about Human-Computer Interaction (HCI) and User Experience (UX),
proxy users participation and Double Diamond methodology. Next, in Sect. 3
we describe in detail the application of techniques and tools used in each of the
cycles applied in the Double Diamond design process. Finally, conclusions and
future work are presented in Sect. 4.

1 For industrial confidentiality reasons, the real name of the company and the name
of the application brought in this paper will not be revealed. They will be, from now
on, referred to as “Company X” and “Application Y”. Job and role names have also
been changed.
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2 Theoretical Background

HCI and UX’s focus on the quality of use of systems and their impact on the
lives of their users [4]. These areas argue that thinking about the systems’ usabil-
ity from the project’s beginning contributes to reducing development costs, as it
positively influences the user’s perception of the product [4]. In this section, con-
cepts involving the User Experience tools (Sect. 2.1), the participation of Proxy
Users (Sect. 2.2), and the Projectual Design Methodology - Double Diamond
(Sect. 2.3) are presented.

2.1 HCI and UX Concepts and Tools

UX encompasses a set of users’ perceptions, emotions, and responses to a system,
product, or service [4]. In this way, UX designers work to build products with
better usability, reducing friction and allowing users to complete the desired task
in less time, with less noise and obstacles [39].

Another important concept of HCI is usability, which involves understanding
how human beings relate to digital products [25], their aspirations, and how
certain activities are elaborated and incorporated into people’s lives [13]. In
the HCI community, in the mid-1990s, UX began to gain space when research,
showing that in addition to being functional interactive products also had to be
pleasant for the user, emerged [4].

In UX projects, the UCD is usually used as a basis, which allows the designer
to design a solution focusing on the users’ needs [4]. Studying the interaction phe-
nomena between human beings and computer systems enables us to understand
them to improve the design, construction, and insertion of these technologies in
people’s lives, always looking for a good experience of use [4].

UX, as an HCI practice, applies data collection methods to design a user-
centric product and set goals for the project from the identification of require-
ments. Through UX it is possible to translate the strategy outlined in the plan-
ning stage into forms of screens and flows that will be used by users [39]. For
this, the use of specific tools supports the product development process.

In this work, popular design tools such as UX Canvas, Service Blueprint,
Brainwriting, and others were used, as will be detailed in Sect. 3. The tools
used helped in team management and project development, to facilitate the
identification of the problem to be solved until the product delivery stage. It is
the UX designer’s role to use empathy and objectivity skills to create a good
experience for users [19], using the appropriate tools to develop solutions by
collecting, investigating, and mapping the perceptions of users, or even of proxy
users.

2.2 Proxy Users

Proxy user participation is a strategic research alternative when there are diffi-
culties in directly contacting the end-users, and it is possible to count on inter-
mediary people who know them well. Proxy users may be crucial during the
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development of a project through their knowledge of users, acting as direct rep-
resentatives of the user.

Proxy users contribute, for example, in works aimed at elderly people who
need the daily use of digital technologies. Direct data collection with these users,
the elderly, is often unfeasible due to their dependence on others to perform their
daily tasks [6]. For this, another agent (a proxy) is consulted who allows the
facilitation and description of the use of digital technologies, as shown in [40].

Another example of the proxy users participation is in the usability evaluation
of a mobile digital commerce system with geographically distant users [32]. In
this case, the work reports that a new evaluation was performed with the users
to validate the results obtained in the first evaluation, performed with the proxy
users.

It is common knowledge that there are limitations when consulting proxy
users since they are not the real application’s users being studied, so they do
not have the same behaviors and needs as those they represent [38]. However,
when working with a product that already has a version in the market, it is
possible to learn a lot, for example, by talking to the user support team [4].
These are responsible for constantly interacting with users, more than other
company sectors. Thus, support team members can act as proxy users in many
cases.

In this project, it was identified that the users of Application Y constantly
resorted to Company X’s support team to solve errors faced during the Applica-
tion Y configuration, via Javascript code. As mentioned earlier, the users (store
administrators) had to apply the customizations in a non-intuitive interface,
for which users did not have the necessary technical knowledge and ended up
frustrated due to the compromised autonomy.

In an attempt to configure the system without basic knowledge of program-
ming languages, users caused errors in functionalities that were not notified by
the system, causing application malfunction and compromising the flow of buy
and sell in the physical store.

From this scenario, it was identified that the participation of proxy users was
viable since, in a support position, proxy users understand the customers’ needs,
what satisfies them, and why they exchange their company for a competitor.
Nevertheless, users had an intense customer service routine in physical stores,
which made the frequent contact with Application Y support team difficult.

Our project team’s contact with proxy users, in contrast to real users, took
place more directly because proxy users were Company X employees (mainly
people from customer support team) who shared the same online communication
channel with us. This facilitated contact allowed us to run interviews, surveys
through questionnaires, and faster conversations through direct messages.

2.3 Design Projectual Methodology - Double Diamond

The development of a project takes place through a progressive elaboration,
being iterative and incremental, because its conception comes from repetitions
and each repetition causes the increase of new information [35]. However, for the
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estimation and planning of the stages to be developed much later in the project,
the designer must seek “the mediation between the technical knowledge and the
experiments about the possible idealized solutions” [36].

The design process is formed by the set of relationships that permeate the
phases that constitute it and by the actions performed and established in the
course of a process [33]. Some classic processes in the area of product design are
the Star Life Cycle by Hix and Hartson [20]; Nielsen’s Usability Engineering [29]
and Garrett’s UX design process [16]. There are also academic and experimental
processes such as the Disruptive Digital Design Process (D3P) [34]; and others
currently more popular such as Double Diamond [11] and Design Thinking [26].

Design Thinking [8] is a design process focused on understanding the user,
experimenting with methods and redefining problems in order to generate poten-
tial solutions. Specifically, it “is a process that rests on three pillars: empathy
(immersion), collaboration (co-creation) and experience (prototyping)”. One of
the ways to apply Design Thinking to digital solutions is with the application of
Double Diamond, a process based on Design Thinking, popularized in 2005 by
the Design Council in the United Kingdom, being an adaptation of dynamics of
divergence and convergence [11].

This process is graphically represented by two diamonds that divide the
process’ four phases: discovery, definition, developing and delivery; having two
stages of divergence and convergence interspersed with each other [2]. In the first
two phases (first diamond), the process of discovering the problem takes place,
and in the last two (second diamond), the process of building the solution takes
place.

In the discovery phase, the focus is to understand the problem faced, it is a
moment of knowledge of the environment where the users are inserted, realizing
what challenges they face to carry out their activities. In the definition phase, the
focus is on the convergence of ideas for the definition of priorities in relation to
the problem. In the development phase, the goal is to explore possible solutions
and their technical feasibility. The delivery phase, the last step of the process,
is the moment to start putting into practice and validating the solution chosen
to solve the identified problem [3].

In industry, Double Diamond is applied in many ways in product develop-
ment. As an example, we can mention the case study by Clune and Lockrey [9],
on the application of the Double Diamond of environmental impact in the care
of the elderly. Another application for the process is for solutions in the health
area using Inclusive Design [41], in this case the importance of a multidisciplinary
team in the development of the design process is highlighted.

Company X has the use of the Double Diamond design process as a cul-
ture. Due to it being an iterative process that allows flexibility to move between
phases, it is possible to go back and continue when necessary. This flexibil-
ity allows for unconventional possibilities and different ways of solving, which
increases the options for the repertoire of ideas and solutions for the project [36].
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3 Double Diamond Design Method Application

This section presents the experience report of the use of UX methods, techniques
and tools, applied to the Double Diamond process [1], in the project to create
an administrative configuration tool for Application Y.

The project team is composed of a software development technical leader
with a degree in IT and a design technical leader, with a degree in Design. The
project team also includes eight scholarship students from the Federal University
of Ceará (UFC) - Brazil, five of them software development scholarship students
(computer science, software engineering and information systems students) and
three design scholarship students (Digital Design students). The project also has
the participation of two experienced researchers, working in Software Engineer-
ing and HCI, both PhD professors at (UFC).

Due to the COVID-19 pandemic, the team activities took place remotely
through the use of the following collaborative tools: Slack2, Discord3 and
ZOOM4, for text and video communication; Notion5, for activity management
and documentation; Miro6, for mind maps and diagrams construction; Figma7,
for building interactive prototypes; Maze8, for carrying out the prototype remote
tests; and Github9, for storing the project’s programming code files.

The activities developed by the design team followed the Double Diamond
process and were distributed throughout the project as illustrated in Fig. 1.

Fig. 1. Methods, techniques and tools applied in the Double Diamond process.

2 https://slack.com.
3 https://discord.com.
4 https://zoom.us.
5 https://notion.so.
6 https://miro.com.
7 https://figma.com.
8 https://maze.co.
9 https://github.com.

https://slack.com
https://discord.com
https://zoom.us
https://notion.so
https://miro.com
https://figma.com
https://maze.co
https://github.com
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The ideal for the project would be to use interview and observation techniques
with the users themselves, however, due to the pandemic and other difficulties
to maintain frequent contact with the user, the participation of proxy users was
necessary. The proxy users were some Company X’s employees who were part
of the support or products teams. These teams are responsible for providing a
better experience between the company and the customers and for the process
of creating and delivering the product and experience to customers and users.

The project, at the time of writing this article, has gone through the four
cycles within the design process, as described in 3.1, 3.2, 3.3 and 3.4 sections.
The details of the execution cycles and the tools used in each step of Double
Diamond are in Fig. 2.

Fig. 2. Distribution of methods, techniques and tools per cycle in Double Diamond.

3.1 First Cycle - Problem and User Needs Identification

In the design process’ first cycle, three steps were performed - discovery, defi-
nition and development. To carry out them, interviews, Certainty, Suppositions
and Doubts Matrix (CSD Matrix), and UX Canvas were used.

As a first step towards discovery, during this phase, five interviews were
carried out, one unstructured and four semi-structured with the objective of
gathering information regarding the problem to be solved. The interviewees,
proxy users of the project, worked directly with Application Y in the product
and support team.
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Three semi-structured interviews were carried out with the support team to
identify the problems reported by users and how they were reported. Two other
interviews were also carried out with the product team, the first unstructured
and the second semi-structured, to find out about the system’s features.

Interviews with the support team lasted an average of one hour and with the
product team, an average of 30 min. The interviews were performed by using
video calls. As they were semi- or unstructured, they allowed for a more spon-
taneous conversation to generate more insights from proxy users during data
collection.

After carrying out the first interviews, the construction of a CSD Matrix
took place. This tool aims to help each team member classify their thoughts
and ideas into “certainties”, “suppositions” and “doubts” [12]. As a method of
convergence, it allows grouping and generating new ideas.

In this model, in the certainties column, the points on which all team mem-
bers agree are added, in the suppositions column, the points that have different
opinions and, in the doubts column, what is unknown about the project [15].
The CSD matrix was chosen due to the need to analyze the data collected during
the interviews and understand the real objectives of the project.

The interview process along with the matrix filling, in an intercalated way,
was repeated three times and, in each of them, there was a predominance of a
column, as shown below:

– 1st Matrix (D predominant) - More doubts were obtained, since the problem
was still unknown to all.

– 2nd Matrix (S predominant) - Resulted in more suppositions due to the
increase in data collected and analyzed, and consequently different thoughts
about the problem.

– 3rd Matrix (C predominant) - There were more certainties in contrast to the
previous ones as it went through two other moments for validation with the
proxy users.

According to Barbosa et al. [4], “the data must be valid and reliable, other-
wise the risk of causing more harm than good is great, as distorted, corrupted, or
invalid data can result in inappropriate design decisions”. This repetition in the
matrix production process generated maturity and objectivity in the researchers
in the way of conducting and modifying the methods. According to Grant [19],
this repetition process demonstrates empathy to understand the user’s goals and
frustrations.

To continue the process of defining the project, the UX Canvas [21] was
used, which contributed to visualize all project related aspects, dividing the
information into three areas: customer, user and experience.

In the customer area, the more technical aspects regarding the problem,
requirements and resources are detailed; in the user area, the user’s goals, touch-
points and the idea for the project are specified; and, finally, in the experience
area, the mediation between the two previous areas is carried out, focusing on
the experience that is desired [21]. At the end of this process, the experience
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proposal was defined as: “providing freedom and agility for the user in the pro-
cess of customizing the digital commerce application”. Figure 3 brings all the
information of the project’s UX Canvas.

Fig. 3. Project’s UX Canvas

After analyzing the results of the first cycle, the need to start a new step in
the process was identified to obtain more information, since the researchers were
not yet satisfied with the amount of data collected.

3.2 Second Cycle - Empathy Tools

The second cycle started with an inversion of the design process starting from the
development and returning to the definition stage. This cycle is mainly focused
on empathy tools such as Service Blueprint, Proto-personas, Usage Scenario and
User Journey.

The Service Blueprint [24] is a technique used to map the current state of
the user experience when using a product or service. From its flows it is possible
to identify errors and opportunities for improvement. Its production must be
collaborative and, in the case of this project, four steps were carried out.

In the first step, it focused on describing the vision, actions and user expe-
rience during each step of the process. In the second, the contact points and
feedbacks between the service and the user were described. In the third, the
internal processes for the production of the points of contact with the user were
build from the company’s vision and evidence of the project. As a last step, the
use of third parties, infrastructures and other tools that help in supporting the
evaluated service was described.

The Service Blueprint contributed to the discovery of the existence of other
critical points besides the need to improve the customization process. Among
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them, the insufficiency of information available for the execution of user activities
within the platform stands out, which was characterized by proxy users as one of
the reasons for the increase in the frequency of opening calls for technical help.

After understanding the problem and user needs, a Proto-persona was cre-
ated, which, like the traditional persona, is an important artifact for the devel-
opment of the project and is used not only by the design team, but by the entire
team as explained by Ferreira et al. [14].

The Proto-persona [18] is a fictional character that represents a set of peo-
ple and their interests. Its construction aims to align knowledge and personify,
through empathy, the user. Unlike the classic persona, it is not defined through
direct contact with the user, but through information passed on by proxy users
and stakeholders.

Another empathy tool used was the Usage Scenario, an artifact that helps
in the representation of the context and contributes to the understanding of the
influence of the problem on the user’s reality [33]. The information collected by
the design team so far, specially the knowledge on the Application Y users by
Company X, were used for the production of the Usage Scenario.

After defining the usage scenario, it was possible to carry out the user journey,
a technique used to map the user process in each phase of interaction with the
product or service [26]. Its construction takes place after mapping the needs
and characteristics of users, since the creation of innovative solutions based on
what the user does, thinks and feels is encouraged. The process begins with the
division of the journey into phases, each phase can represent a moment or an
objective. After separating the phases, the user’s actions, the points of contact
with the system, thoughts, feelings and opportunities for improvement in each
phase are described. The User Journey is displayed at Fig. 4

Fig. 4. User journey

This empathy tool helped to identify the user’s thoughts and feelings dur-
ing the setup process. Previously, with the Service Blueprint we discovered the
service process and its points of improvement, while with the User Journey, we
tried to interpret the feelings of the users in each phase of interaction.
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The final version of Service Blueprint, Proto-persona and Usage Scenario are
avaliable as supplementary materials10.

3.3 Third Cycle - Process Requirements Definition

As a first step towards data validation, an investigation was carried out through
a questionnaire created with Google Forms11 and applied to the members of the
team responsible for the production and maintenance of the system, also serving
as proxy users. According to Barbosa et al. [4], the use of questionnaires allows
collecting information from more people and obtaining results that are more
representative of the public of interest quickly.

This questionnaire allowed us to validate the information collected about
the customizations available in Application Y and to mitigate doubts about
the support team’s role in the product customization and the user experience
during customization. This information helped the researchers to define project
priorities based on the customizations reported as the most important and with
the highest number of doubts.

Also in third cycle, models were also created with iStar [42], an objective-
oriented language to perform organizational and systems requirements modeling.
iStar models actors, agents and roles along with their intentional elements (goals,
resources, tasks and qualities) and their interconnections (dependence, “is a”,
“participates in”, contribution, qualification, refinement, “is needed by”).

The modeling language was initially used in the project as a tool to represent
the Company X process, related to Application Y, as it was at the time of the
research (“as-is”). The models were built collaboratively by all project members
(research, design and software development).

The “as-is” modeling started with the iStar Strategic Dependency (SD)
model, a simpler model recommended for the development process early stages.
The final version of the “as-is” SD has 2 agents, 12 actors, 3 roles, 26 tasks, 8
goals, 2 resources, 11 participates-in, 12 dependencies and 27 refinements. Then,
we move on to modeling the strategic reason (SR) diagram. The final version of
the “as-is” SR has 2 agents, 5 actors, 5 participates-in and 1 dependency.

Following, We used SD and SR diagrams “as-is” as the start point of “to-be”
modeling, that is, the team’s vision of how the process should look after the
design solution has been implemented. The final version of the “to-be” SD dia-
gram has 4 agents, 13 actors, 3 roles, 19 participates-in and 8 dependency links.
Then, we move on to modeling the SR diagram. The final version of modeling
with iStar are avaliable as supplementary materials12. More details about the
experience with iStar were described in [17].

At this point in the project, the modeling language use leveled the team’s
knowledge of the objectives, requirements and customizations for the product

10 https://drive.google.com/drive/folders/1V5Vv545-TbUxqzjGPjnTEz9C8g1FAKgw.
11 https://forms.google.com.
12 https://drive.google.com/drive/folders/1V5Vv545-TbUxqzjGPjnTEz9C8g1FAKgw.

https://drive.google.com/drive/folders/1V5Vv545-TbUxqzjGPjnTEz9C8g1FAKgw
https://forms.google.com
https://drive.google.com/drive/folders/1V5Vv545-TbUxqzjGPjnTEz9C8g1FAKgw
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previously obtained through the questionnaire, Service Blueprint, User Journey,
among other tools.

This leveling enabled the team to start the development phase of the design
process using Brainwriting?, a co-creation method that seeks to find solutions
based on collective intelligence. This method consists of a moment for generating
ideas in writing, and another for collective discussion, a necessary moment for
the construction of the common product.

To assist in the process’ collectivity, Miro was used, where the objective of
the activity was presented and some instructions on the dynamics were provided.
The next step was to divide the team into two groups, one with five participants
and the other with four, with a design team member acting as a mediator in
each group. After the division, the individual production of the initial ideas of
each participant was carried out. From then on, the ideation process began on
the basis of each other’s ideas.

Subsequently, the ideas generated were discussed, grouping similar ones and
voting on the best ones. Finally, the two groups met and a quantitative analysis
took place based on how desirable by the users, technically feasible and eco-
nomically viable was each idea presented. The multidisciplinary team made it
possible to obtain a variety of ideas and discussions.

At the end of the entire process, the main solution ideas for the project were
outlined, which would be implemented in the next phases of the project, they are:

– Active error prevention by contextual help during the customization process.
– Enabled customization manager with simple controls.
– Visualization of the effects of customizations before applying to the system.
– Creating a library of default settings.

3.4 Fourth Cycle - Idea Implementation and Test

In the process’ last cycle, four tools were used, two in the development stage
and two in the delivery stage, respectively in the process steps’ order. In the
development stage, User Stories were built, which help in defining the system
requirements using the user’s perspective [37]. In this project, User Stories were
created using the information collected in the online questionnaire and interviews
with proxy users, and based on the usage scenario and Proto-persona defined
in the empathy cycle (Second cycle - Empathy tool), in addition to following
decisions consolidated in the iStar models and in Brainwriting.

The formulation of User Stories takes place from the model: “as [user], I
want to perform [action] for then [result/goal]”, as presented in [37]. This model
requires the definition of three elements: the user who will perform the action,
the action that needs to be done and the result or goal that will be achieved
after performing the action. At the end of the process, five user stories were
addressed, as listed below:

– Identify customer
– Text to the order print
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– inStore language
– Payments conditions
– Forcing stock availability

After the construction of the User Stories, it was possible to identify the func-
tional requirements of the system, thus facilitating the modeling of interactions
and interfaces for the application of customization management of Application
Y. The modeling of user interaction was developed using MoLIC (Modeling
Language for Interaction as Conversation). It allowed us to define system inter-
action as a conversation between the designer’s deputy (the spokesperson for
design decisions) and the user before decide on the interface details [4].

Within the process of defining the interaction with the use of MoLIC, there
was a previous training carried out by one of the team’s professors, a HCI spe-
cialist. This training enabled the entire team to participate in the tool’s modeling
process, thus maximizing the benefits of the team’s multidisciplinarity in defining
the interaction13.

In addition to the professor, the Digital Design course’s team members also
had previous knowledge of the language, which provided greater agility during
the process. This agility was an important factor, because, for each User Story,
two scenarios were modeled, that of the customizing user in the customization
module and that of the salesperson in the use of Application Y in the physical
store, after customization.

For example purposes, Fig. 5 presents the interaction model created with
MoLIC for the User Story Configure Customer Identification.

With the interaction modeled and the system requirements defined, it was
possible to start the development of the interface for the system. The MoLIC
diagrams were the basis for the construction of the prototypes, since the interface
is the representation of the interaction in a visual way, and the point of contact
between the user and the tool [28].

The interfaces were built based on the Company X’s style guide, which aims
at guiding and standardizing the company’s interfaces’ construction. This doc-
ument, in addition to containing interface guidelines, also contained a design
system implemented in Figma.

With the interaction and interface flows defined in the prototype, we started
the process of planning usability tests with the navigable prototype, by defining
the general context, the users tasks and some metrics to measure the level of
user experience and satisfaction. We also decided to apply SUS (System Usability
Scale) [7] at the end of the test, in order to quantitatively evaluate the usability
of the system.

The prototype test has the objective of evaluating the prototype’s function-
ality and the usability test aims to verify the prototype’s usability [4]. Before

13 We analyzed the usage of MoLIC in the process from the point of view of the
participants. They highlighted the relevance in the usage of its usage to the creation
of the prototypes. The final version of MoLIC is avaliable as supplementary materials
[27].



70 G. Moreno de Oliveira et al.

Fig. 5. MoLIC for customer identification

running the usability test with the customizing users, two pilot tests with mem-
bers of the product team ran in order to validate the script and the planned
prototype. After the pilot tests, we modified some messages in the prototype
interface to improve the user experience in the digital environment.

With the test script validated and the prototype’s necessary updates, we
run two types of tests with two groups of users. The first group was formed by
14 internal employees of Company X who had previous knowledge about the
customization process of Application Y (proxy users). For this group, the test
was used to validate the interface elements and the solutions writing, through
a remote and unmoderated test. In the second group, formed by four real cus-
tomers, divided in tree interviews, of Company X, a remote and moderated
usability test was applied in order to validate the information previously col-
lected with proxy users, identify system usability problems and assess the learn-
ing curve in the customization management tool. Both tests’ types ran remotely
with the support of Maze, a platform that allows free prototype tests using the
Figma project without needing to implement the system.

From the proxy users feedback on the prototype, we identified improvement
opportunities in the consistency of the textual language of the solution. These
inconsistencies were identified by product area employees who were linked to
the user experience textual design team. During the prototype test, questions
also arose about the order of presentation of the information and the degree of
severity of each one of them.

At the end of the usability test, a few problems were identified during the
customization process. In addition, users reported a significant improvement in
the usability of the system compared to the previous method, with Javascript
code changes. The biggest gain, according to users, is in the process of adding
stores and sales people. In the other five customizations there were no problems
regarding the system’s usability.
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As result of the usability test with users, we highlight the following findings:

– It was observed that the users’ background influences the understanding of
the system, but even those with a technical background found difficulties in
the customization process.

– The implementation time is related to the number of salespeople and stores
registered, so the more sellers and stores, the longer the time.

– For some users, there is a need for dashboards as well as the creation of access
levels between users, a salesperson should not have access to sensitive sales
data in the store.

– Some customers develop internal solutions to resolve issues not answered by
Company X, such as: creating a registration manager through the Rest API
and a sales manual for sellers.

– Another solution is related to training on the application, there is a transfer of
knowledge at scale, the person responsible for installing teaches the manager
and the manager teaches the salespeople.

The usability test confirms that the system requirements initially collected
with the help of proxy users really represented the demands of the system users
regarding the ease and freedom to customize Application Y without the need for
help or causing errors.

4 Conclusions and Future Works

This work presented the report of the use of methods, techniques, and design
tools applied to the Double Diamond process in an administrative tool software
development project to support e-commerce in an ICT company.

Some tools described in the paper correspond to the models and represen-
tations commonly used “throughout different HCI design processes, focusing on
the design activities of the interactive solution” [4]. Some of these models are
used to motivate the designers’ reflection, during the HCI design, about alterna-
tive strategies for using the system and other details. Furthermore, we present
the use of modeling with iStar, still little known in the HCI and UX Design
communities, to promote the integration of HCI and Software Engineering pro-
cesses.

During all stages of the design process, with the participation of proxy users,
the researchers managed various technical methods and design tools to collect
information about the users needs and preferences in the Application Y configu-
ration process. Proxy users’ collaboration helped in the project due to the impos-
sibility of direct contact with the user. However, due to the need for constant val-
idation of the collected data, this strategy increased the research time. Tools like
the CSD Matrix, Service Blueprint and Questionnaire provided more qualified
directions for the project, allowing the team to define the project requirements
and the next steps. During the project, there was a concern in maintaining the
existing system’s design and adding the new customization features identified.
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Thus, as a contribution of this work, we highlight the usage of a wide variety
of methods, techniques and tools in a real industry project, helping to strengthen
the insertion of user-centred and UX design practices in the professional and not
just academic scope. We believe that the report presented can be useful to UX
research and design teams by explaining the modes of use and results obtained
with each tool.

We also highlight the epistemic value of the methods, techniques and tools,
allowing a more comprehensive understanding of the investigated problem, collab-
orating with decision making design with more property in the search for solutions
for the project. The generated artifacts also fulfilled the role of epistemic tools,
which according to de Souza [10], do not directly generate an answer or solution to
the problem. Instead, they support the designer “in exploring the space and nature
of the problem, as well as restrictions on candidate solutions” [10].

As future works, we identify the application of methods, techniques and
tools equivalent to those used in this report in the context of other Company
X projects. For example, by applying KAOS (Knowledge Acquisition In Auto-
mated Specification) [23] instead of iStar. Thus, we will compare the techniques
used and identify their advantages and disadvantages in the context of their
projects.
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Abstract. Nowadays, due to technological advancement, people are bound to
use multiple digital tools and interact with them through a User Interface. For
this reason, User Experience (UX) is one of the most important keys to success.
UX includes the design and evaluation of an adequate Information Architecture.
To design Information Architecture, the best-known technique is Card Sorting.
For evaluation, there is the Tree Testing or Reverse Card Sorting technique. This
technique can be applied in remote or non-remote ways. We identified three main
issues: 1. The remote processes to apply Tree Testing are not standardized; 2.
the tools were modeled and built after a process defined by the supplier of those
tools, most of which are now discontinued. 3. In many development projects these
techniques are left aside, the Information Architecture is assessed using other
methods and techniques (i.e. User Testing) in later phases of the project. These
result in Information Architecture errors and defects found late or not found at all.
Hence, this study is focused on developing and validating a standardized remote
Tree Testing process with an emphasis on automation. To meet the objectives,
we conducted interviews and literature reviews to find out how Tree Testing is
currently carried out and what tools are used to support the technique (AS-IS
workflow). Subsequently, we proposed a process that can support the technique,
considering the pain points found on the current processes, resulting in a TO-
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1 Introduction

In the last years, Information and Communication technologies have advanced so far that
are part of our daily activities. Nowadays, due to technological advancement, people are
bound to use multiple digital tools offered by various companies and interact with them
through a User Interface to fulfill their activities and needs [1]. For this reason, these
companies have identified that User Experience (UX) is one of the most important keys
to success [2]. UX includes the design and evaluation of an adequate Information Archi-
tecture [3]. For the design of the Information Architecture, the best-known technique is
Card Sorting [4, 21]. For evaluation, there is the Tree Testing or Reverse Card Sorting
technique [4]. This technique can be applied in remote or non-remote ways. However,
Information Architecture evaluation techniques are not popular among UX practitioners
and specialists.

In addition, specifically on Tree Testing, three main issues have been identified:

1. The remote processes to apply this technique are not standardized, and non-remote
processes consume a lot of time to execute [26];

2. Then, the toolsweremodeled and built after a process defined by the supplier of those
tools and most of them are now discontinued, and the few that remain are limited in
their free versions and require a license to be used with all their functionalities [3];

3. Thus, in many development projects these techniques are left aside, the Information
Architecture is assessed indirectly using other methods and techniques (i.e. User
Testing) in later phases of the project [26].

These issues result in Information Architecture errors and defects found late or not
found at all. These issues impact the UX, the revenue, the cost and timeline set for the
project, and the final product [2, 5]. In this sense, this study focused on modeling and
validating a standardized remote Tree Testing process with an emphasis on automation.

This paper is organized as follows: The first section presents an introduction to the
matter of study, and the main issues encountered on the application of Tree Testing. The
second section details themost relevant concepts related to the research. The third section
details the steps followed to carry out the present proposal. The latter section mentioned
details the Systematic Literature Review (SLR), the interviews with UX specialists and
HCI experts, as well as the review of remote Tree Testing tools that were reviewed. The
fourth section details the process modeled in BPMN, as well as the validation that was
carried out. Finally, the fifth section details the most important results, as well as future
work.

2 Context

This section details the main concepts related to the present work, in the context of the
proposed solution.
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2.1 Tree Testing

In 2003, Donna Spencer defined the process for manual application of the Card-Based
Evaluation Classification technique [4, 24], known by the name of Tree Testing. She
is the author who defines the technique as a quick way to evaluate the Information
Architecture (IA) without visual elements or development of views.

This technique is being used for the evaluation of the IA. In this sense, it has been
evidenced that its use allows early identification of AI issues [26]. However, according
to the literature reviewed and the interviews conducted, its use is not yet widespread.

2.2 Information Architecture

Information Architecture (IA) is defined as “the design, integration, and aggregation
of information spaces and systems” [11]. According to the interviews conducted, the
elaboration of the AI is a typical activity within a UX Design processes.

An effective organization of the information [11] allows the user to navigate the tool
and find the content they need [17], reducing the number of errors the user would make
and making the system or product much easier to use [16].

Then, the concept of AI is related to UX in the sense that an adequate and well-
designed AI allows a software product to have an adequate usability and an adequate
findability. As mentioned by Morville, usability and findability are important facets of
UX [16, 28].

2.3 UX

According to standard ISO 9241-210:2019 [15], User Experience (UX) is defined as the
users’ perception and response resulting from the use or anticipated use of the system,
product, and service.

From the initial definition, ISO 9241-210:2019, adds that the UX is the consequence
of a series of external factors to the user (branding, functionality, presentation, inter-
activity, behavior, and assistance capacity of the products, services, and systems), and
internal factors (past experiences, abilities, personality, attitudes, and aptitudes) and the
context of use.

Likewise,Morville proposed in 2004 [16] his honeycomb structure with the different
facets of the UX:

• Findable: related to the ease of finding content that the user presumes is within the
application [17].

• Usable: related to usability [16] and its 5 components: learnability, memorability,
error rate, efficiency, and satisfaction.

• Useful: according to Nielsen [18] is a combination of usability and utility, that defines
the product, service or system capacity to provide the functionalities the user needs.

• Desirable: related to the elements of Emotional Design (images, branding, identity)
[16].

• Valuable: related to the value of a product, system or service should provide to their
stakeholders or interested parties such as the sponsor.Moreover, for nonprofit projects,
user satisfaction is the main final value of the project [16].
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• Accessible: related to the fact that everyone, including users with disabilities, could
use a product, service, or system [19].

• Credible: related to the truth with which the product, system, or service does what it
has been said to do [20].

Likewise, Garrett in 2011 identifies five UX planes: Strategy, Score, Structure,
Skeleton and Surface. Within them, Garrett places Information Architecture within the
Structure plan, along with Interaction Design [29].

As it was mentioned before, using both the User Experience and Information Archi-
tecture definitions, it is possible to establish the following: to fulfill a better UX, a good
IA needs to be developed.

2.4 Process

A process constitutes a series of steps, tasks, and activities that are executed in an orderly
manner to achieve a result, product, or service [14]. In general, a process is made-up of
inputs that will transform into results or outputs through the execution of one or more
activities.

Based on the above definition, in order to determine the flaws of the Tree Testing
process, it is necessary to understand how the technique is applied, what the process is,
and what activities it consists of to find opportunities for improvement.

2.5 BPMN

BPMN (Business Process Model and Notation) is a notation that is currently maintained
by the Object Management Group (OMG) to provide a process-modeling standard that
can be easily understood by various users [13]. Its use extends to both processes and
choreographies, and a series of elements, rules, and symbols defined that will help
represent them [13].

We used this notation to model the remote application process of the Tree Testing
technique with a focus on the automation of manual tasks. In addition, for this, Bizagi
Modeler tool was used.

3 Methods

This section presents the sequence of steps that were carried out to obtain the proposed
modeled processes as a result.

3.1 Approach

As was mentioned, the main objective of this work was to model and to validate a
standardized remote Tree Testing process with an emphasis on automation, that is, a
process supported by a software tool.

To carry out this objective, we followed a set of steps in order to obtain a process
modeled in BPMN. Figure 1 shows the steps followed as the approach of the present
work.
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Fig. 1. Research approach

According to Fig. 1, Interviews were conducted with UX practitioners, and the
literature was reviewed in order to find out how Tree Testing is currently carried out and
what tools are used to support the technique. Subsequently, we proposed a process that
can support the technique, considering the pain points found on the current processes.

3.2 Systematic Review

First, a Systematic Literature Review (SLR) was conducted. The main objective was to
know the state of the art of the application of the Tree Testing technique. This SLR was
performed following the protocol proposed byKitchenham and Charters [6]. In addition,
we used the Parsifal tool [12] as a support tool for the SLR process.

Research Questions. Following the Kitchenham and Charters protocol, three central
questions were set for guiding the SLR:

• P1. How did the Tree Testing technique affect, positively or negatively, the improve-
ment of the Information Architecture and projects in general?

• P2. What protocols, processes, and steps were followed to apply the Tree Testing
technique, and how were they applied?

• P3. What tools were used to apply the Tree Testing technique, and what were its
limitations and strengths?

Search Engines. The search engines used to review the documents were the following:

• ACM Digital Library of ACM (Association for Computing Machinery) was selected
because ACM promotes work, innovation, and research in the computational field [8].
Its digital library contains studies from thedomains that are useful for the computerized
approach of the present work.

• IEEExplore of the IEEE (Institute of Electrical and Electronic Engineering) is among
the selected search engines because the institute, as with ACM, makes available high-
quality work at a global level on information technology issues, engineering, and
computing [9].
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• Scopus, selected because is an engine that searches different bodies of academic
information [10]. That helps to review many sources of information, complementing
what can be found in ACM and IEEE engines respectively.

• Alicia of Concytec, selected because it allows the search for theses, papers, and
research work that they have been able to carry out concerning Tree Testing within
Peru. This search allowed us to know about other reviews regarding the same subject,
with the procedures that guided these works.

Search Strings. Following the protocol proposed by Kitchenman and Charters, we
elaborated a PICOC table [7], shown in Table 1.

Table 1. PICOC table

Population Software product

Intervention Tree testing, Information architecture

Comparison -

Outcome Protocols, tools

Context User experience

We identified the population as software products since the Tree Testing technique
(subject of study or interest) was be applied to evaluate their information architecture.
It is intended, with this work, to arrive at the protocols and tools used to apply the
technique in the identified population within the academic and industrial fields. Because
of this, we used four of the five letters that define the PICOC technique. The first letter
C, which corresponds to Comparison, is not used since we did not compare the Tree
Testing technique or the Information Architecture with other techniques or concepts of
usability or UX.

We used the concepts from the PICOC table to determine synonyms. Table 2 shows
both the words used in the PICOC technique and the synonyms in the English language,
which will allow the creation of search strings in the selected engines.

Table 2. Keywords for the search string

Keyword Synonyms PICOC

Software product Applications, apps, developments, software,
systems, websites

Population

Tree testing Reverse card sorting, tree test, task test, card-based
classification evaluation

Intervention

Information architecture IA Intervention

Protocols Mechanisms, methods, phases, procedures, steps Outcome

Tools Software support, support Outcome

User experience UX, usability Context
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With the help of the Parsifal tool, it was possible to form four initial conditions
generated by thewords inTable 2 joined by the logicalORconnector (each one represents
a letter of PICOC except for the C that represents the comparison).

• C1: (“Software product*” OR “Application*” OR “App*” OR “Development*” OR
“Software” OR “System*” OR “Website*”)

• C2: ("Information architecture"OR "IA"OR "Tree testing"OR "Reverse card sorting"
OR "Task test" OR "Tree test" OR "Card-based Classification Evaluation")

• C3: (“Protocol*” OR “Mechanism*” OR “Method*” OR “Phase*” OR “Procedure*”
OR “Step*” OR “Tool*” OR “Software support” OR “Support”)

• C4: (“User experience” OR “Usability” OR “UX”)

These conditions are then joined by means of the logical AND connector as follows:
C1 AND C2 AND C3 AND C4; with which we arrive at the final search string:

For the search in Alicia, we adapted the search string to be in Spanish language.

Documents Found. The search in the search engines was executed on Sunday, October
19, 2020. Likewise, we added four additional studies that we considered relevant for the
solution of the questions and the objectives raised when designing the protocol. These
additional studies were found and suggested, in some cases, in the papers previously
reviewed. In other cases, the review carried out on tools that use Tree Testing.

Table 3 shows the results of the searches for each of the engines. We reviewed the
results with the exclusion and inclusion criteria to determine those studies relevant to
the subject of study.

Table 3. Studies found by each search engine

Search engines Unique studies found Duplicated Selected

ACM 263 studies found 17 studies –

Scopus 240 studies found 20 studies 3 studies

IEEExplore 27 studies found 10 studies 1 studie

Alicia 5 studies found – –

Additional 4 studies found – 4 studies
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Inclusion/Exclusion Criteria. Following theKitchenhamandCharters protocol, inclu-
sion and exclusion criteria were also established.

Inclusion Criteria. For the inclusion criteria, we took as a reference the research ques-
tions. The three questions reflected the four criteria used. The first criterion answers the
question about the tools used. The second criterion answers what application protocol
was used in the Tree Testing technique. Finally, the third criterion defines whether the
study carried out describes the impact that the application of Tree Testing had on a
software product:

• The study presents a tool that supports the Tree Testing technique.
• The study describes a Tree Testing application protocol.
• The study describes the impact on the software product that the Tree Testing
application had when it was applied.

Exclusion Criteria. For the exclusion criteria, we considered a general criterion that
describes the language of the study: English and Spanish since they are languages
dominated by the authors.

On the other hand, the four remaining criteria define the studies we cannot consider
due to their content. From this group, the first excludes those studies that do not deal
with user experience or information architecture, a technical problem, Tree Testing,
seeks to evaluate. The second excludes those studies that speak of protocols other than
the application of the technique (communication protocols, network, among others).
Moreover, the last one excludes the studies that only list user experience techniques
without deepening the Tree Testing technique:

• The language of study is different from English and Spanish.
• The study does not deal with User Experience or Information Architecture issues.
• The study describes protocols that have nothing to do with the application of Tree
Testing.

• The study only briefly describes and lists user experience techniques.

Data Extraction Form. Weemployed anExtractionForm to obtain the necessary infor-
mation from the literature to be reviewed. The form has general information fields of
the selected studies and fields related to the research guiding questions.

Research Results. The result of both reviews resulted in only four selected studies: three
studies from Scopus and one from IEEExplore. Due to the small number of studies, we
added another four studies found independently. Outside the scope of the review with
search engines and in the time range of the other studies found, we added studies from
gray literature, considering themvery relevant for the present project. Table 4 summarizes
the results of the SLR.



A Process to Support the Remote Tree Testing Technique 83

Table 4. Selected studies

ID Title Author Type study

S01 Novel bluetooth-enabled tubeless
insulin pump: A user experience
design approach for a connected
digital diabetes management platform

(Pillalamarri et al. 2018) [21] Paper

S02 Responsive, mobile app, mobile first:
Untangling the UX design web in
practical experience

(Mullins 2015) [22] Paper

S03 Tree testing of hierarchical menu
structures for health applications

(Le et al. 2014) [23] Paper

S04 Information architecture assessment
of BPS headquarter official website

(Nurcahyanti & Suhardi 2014) [24] Paper

S05 User experience (UX) in the CIS
classroom: Better information
architecture with interactive
prototypes and UX testing

(White & Kapakos 2017) [25] Paper

S06 Usability and quality tests in software
products to oriented of user
experience

(Arslan et al. 2018) [1] Paper

S07 How should startups evaluate their
website’s UX?
Comparison of UX evaluation
methods through evaluation of UX of
the prototype of a matching platform
for the rental housing market in
Finland – Sopia

(Borisova 2019) [26] Thesis

S08 TreeTest: online tree testing for
information hierarchies

(Mehic 2019) [3] Thesis

With the analysis carried out on these works found, we proceeded to answer the
research questions. P1, related to the impact on IA in development and design projects.
P2, related to the steps and phases applied to execute Tree Testing, and P3 to review
the various support tools used. Both P1, P2 and P3 have served to subsequently propose
the process that has been modeled; P1 and P2 have served to obtain information on
the current situation and how Tree Testing is applied, while P3 has served to identify
Tree Testing remote application tools and how they have implemented this technique,
adapting it to their own proposals.
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3.3 Tree Testing Tools

Based on the SLR carried out, and following the approach presented, a description of the
tools identified that provide or have provided support to the application of Tree Testing
is presented.

Regarding the way to apply Tree Testing, every tool presents variations from one
another, but all of them maintain the central idea of having three stages on the execution
of the mentioned technique [3, 25]:

• An initial preparation stage in which a tree or hierarchy is created, and the tasks to be
completed

• An evaluation stage in which end users perform the tasks on the tree created
• An analysis metrics are created for the evaluators

Below is a description of each of the tools identified. As can be seen, most of these
tools are proposals that are currently discontinued.

Heurekia. This tool for remote Tree Testing application is currently discontinued and
is only mentioned in the case study that corresponds to Mehic’s 2019 thesis. Heurekia
is allowed to create the hierarchy of information, create the tasks for navigation in the
hierarchy, to configure the list of users so that they can perform the test, to configure an
introductory message, and to observe the results of the created test [3].

C-Inspector. Like Heurekia, is a discontinued tool that is mentioned in a study by
Mehic. It included the same functionalities as the previous tool and, additionally, the
evaluator could definemultiple responses for a task, choose betweenEnglish andGerman
as the study language, add a limit of retries for the tests (from 1 to 5 times), and set up
instructions and thank you messages [3].

Plainframe. Tool purchased by Optimal Workshop and discontinued on April 3, 2014,
and mentioned by Borisova [26] and Mehic [3]. Plainframe had the same functionalities
as the other two tools described; however, it implemented improvements for the analysis
of results since, apart from the graphs and statistics resulting from user testing, it allowed
any user session to be replayed again.

Naview. A tool that only maintains its limited free layer and that is mentioned and
described by Mehic [3], as well as the previous tools. Naview adds the functionality
of being able to paste a previously created tree, identifying the levels by tabs [3]. It
also includes the possibility for the user to skip a task if he/she cannot find a way to
complete it. It also complements the analysis of the results by having the information of
the number of clicks made per task. The main limitation of the tool is the fact that the
free layer only allows creating 2 tests with 2 questions per test for 10 users [27].

Treejack. This tool is the most mentioned in studies. Treejack adds the functionality of
being able to import from a file the hierarchy of the tree to be analyzed [3]. A feedback
questionnaire can also be created andwith the results of the tests, the tool generates graphs
and statistics for analysis in conjunction with logs of the user’s interaction with Treejack
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[3, 25]. It is inWhite &Kapakos’ study that the use to which the tool was put is indicated
[25]. In this study, Treejack was used for academic purposes, for teaching information
architecture assessment techniques, and not for industrial purposes, obtaining a student
approval of 90% or more on five criteria: ease of learning the tool, ease of use, clear and
understandable interaction, and ease of mastering the tool.

UserZoom. This is a platform that has several tools including one that supports the Tree
Testing application. UserZoom is mentioned in the same studies as Plainframe [3, 25].
The platform’s Tree Testing tool allows, in addition to the functionalities presented by
the previous tools, to define the type of device to be analyzed (desktop, mobile, or both),
place a title to the study, and determine the language to be used (and not only English
and German as was the case with C-Inspector). It allows creating a list of users for the
test and can be shared with other people as well. Finally, in the analysis section, the tool
provides more information about the user: their operating system, screen resolution, and
browser used [3].

TreeTest. This tool developed by Mehic in 2019 [3]. This tool combines several func-
tionalities seen in the other tools. It allows configuring introductory messages, instruc-
tions, and thank you messages [3]. It evaluates the time to finish tasks, clicks made on
the hierarchy, clicks on the skip button to skip tests, and abandons occurring during test-
ing with users. On the other hand, for the analysis of results, it has graphs and general
statistics, per participant and task. It also includes graphs to see the clicks made and the
paths taken by users when using the tree [3]. In addition, it is worth mentioning that this
tool was developed using the thinking aloud technique in order to improve the usability
of TreeTest. The main limitation of the tool is that it is not possible to access it since the
author did not leave a URL link nor does it work to download the source code from the
GitLab repository, since it requires credentials that are not found within the study.

Custom Tool. A tool developed in 2014 by Le, Chauhuri, Chung, Thompson, and
Demiris for Health Information Technologies (HIT) because, at that time, the authors
found several limitations in the tools for the application of Tree Testing in this type of
technology [23]. The instrument, additionally, allows adding three tasks on an example
base tree so that users can become familiar with the technique and with the tool before
proceeding to the final test with the tree, they were analyzing [23]. On the other hand,
for the analysis, the graphs of the paths followed were added, just as TreeTest does [3,
23]. Furthermore, the authors concluded that the remote application through the tool is
quite flexible and serves as evidence to evaluate the information architecture in HITs.
[23]. However, and as the last point, it should be noted that the tool is not available since
the only link left by the authors to use the tool is not currently active.

3.4 Specialists’ Interviews

In order to explore how UX practitioners execute the Tree Testing technique, as well
as to identify pain points and learn what steps are typically followed when executing
this technique, semi-structured interviews were conducted with UX practitioners. These
interviews were realized virtually using Google Meet.
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Because of these interviews, it was found that the technique is little known, that
mainly the form of remote application is known, through the Optimal Workshop tool,
and that in general, UX practitioners carry out the steps that the tool itself establishes in
its own interaction. Likewise, the interviewees commented that they normally evaluated
the Information Architecture as a whole with the entire interface through User Testing.
During the interviews, they reflected that this evaluation could be too late, given that
since there are already designs, often at a high level, correcting errors in the Information
Architecture could take more time than if it had been applied at earlier stages.

4 Process Proposed

Following the defined approach, with the information obtained from the previous steps,
mainly the information obtained from the literature, the Tree Testing tools, and the
interviews with experts, we proceeded to model the Tree Testing remote application
process.

We have used a framework to standardize the remote process using three macro-
steps: In the first place: Planning, a step in which we are going to prepare the test
and select the target users to execute the Tree Testing technique. In the second place:
Execution, that is the step in which Tree Testing is properly executed. And in the third
and final place: Analysis, a step that is used to validate and draw conclusions about
the Information Architecture Information design and determine whether or not more
investigation is required, more redesigns, or if the design is the most adequate for the
users selected. As a result, a proposal of this standardized process was modeled using the
notation BPMN, and this proposal was validated by the expert judgment of specialists
in Human-Computer Interaction (HCI) and UX Practitioners.

4.1 Model Description

Two views were considered for the model: a general view and a detailed view. For
the general view, a diagram summarizing the entire process with the identified phases:
Planning, Execution, and Analysis was considered. As shown in Fig. 2, the diagram
contains the inputs and outputs required for each of the phases.

Fig. 2. Remote Tree Testing process. General view.
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The detailed view is made up of five diagrams. Two of these make up the complete
process due to the performance of two actors: the UX specialist and the User who
performs the test. The UX specialist is present in all phases of the process and can return
from one phase to another if required. On the other hand, the User only participates in
the execution phase and has no control over the other phases, as he/she is limited to
completing the tasks that will be of use for the final analysis.

The other three diagrams complement the main process, describing the three sub-
processes identified. The first one corresponds to the planning of the study as shown in
Fig. 3. The sub-process is carried out in the initial planning phase and in this phase, the
purpose of the study is determined, the scope of the study is defined, the people who
will participate, the risks, the estimated costs and time, as well as the profile of the users
to be evaluated.

Fig. 3. Remote Tree Testing process. Planning phase.

The second sub-process corresponds to the realization of the pilot. Here, an internal
user is considered, which can be the UX specialist himself, a person or several people
internal to the organization or from the team of designers. This user can carry out the
test and detect errors in terms of the hierarchy tree, the tasks to be performed, the
questionnaires and the messages that were written for the user. This sub-process is
iterative and several modifications may be made before testing is enabled for end-users.

The third sub-process describes the selection of users based on the profile established
in the first sub-process, as we can see in Fig. 4. In this sub-process, the test link is
generated and sent to the selected users via email or through social networks.
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Fig. 4. Remote Tree Testing process. Users’ selection.

The fourth sub-process describes the test execution, as we can see in Fig. 5 and Fig. 6.
These diagrams show the interaction of both the UX Specialist and the User during the
execution of the test.

Fig. 5. Remote Tree Testing process. Test execution (UX Specialist).

Fig. 6. Remote Tree Testing process. Test execution (User).



A Process to Support the Remote Tree Testing Technique 89

Finally, the fifth sub-process describes the Analysis, as we can see in Fig. 7. This
diagram shows the interaction of the UX practitioner to perform the analysis of the infor-
mation obtained during the execution of the test. With this information, UX Specialist
is able to implement enhancements. All this with the purpose to improve three main
indicators: execution time, user error rate and length of the path followed.

Fig. 7. Remote Tree Testing process. Analysis.

4.2 Validation

For the validation of the proposed process, interviews were conducted with UX practi-
tioners and HCI experts. This validation resulted in the agreement of these experts, once
the observations and suggestions provided by them in the aforementioned interviews
were addressed and corrected.

It is worth noting that the experts highlighted the importance of carrying out this
type of evaluation in the early stages of the projects. Given that, in accordance with what
was found in the literature, the experts indicated that carrying out this type of evaluation
is cheaper than other evaluations, and its corrections are less impactful in terms of cost
and time.

5 Results and Future Works

Among the findings reported, it is important to mention that Tree Testing, as an Infor-
mation Architecture technique, is very useful and practical in its remote application, and
should be considered to be applied in the early stages of software projects; and a tool to
support the whole process should be implemented.

Furthermore, a small number of papers on this subject were found in the SLR con-
ducted. This has been contrasted in the interviews to UX practitioners conducted, and it
is evident that the topic is new, the technique is not widely used and little disseminated,
however, there is a growing interest in the subject.
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In addition, it was observed, from the literature, that there was no standardized
process to carry out remote tree testing. In the literature, several steps and activities were
found that were decided to be applied due to the experience of the UX practitioners and
due to the needs at the time of the studies in question. However, the systematic review
serves as a source since many activities mentioned in these studies are common to all
of them. Likewise, it was possible to determine and group several steps in three phases
that, although not explicit in the literature, could be distinguished. A first phase always
mentioned before the test (planning), where everything necessary is built. A second
phase where users can then perform the tasks in the hierarchy tree (execution). Finally,
a third phase where UX specialists with these results, can determinate if the proposed
tree is the most appropriate or if adjustments must be made (analysis).

It is worth mentioning that the proposed modeled process is the result of the review
of various sources and studies found in the literature, as well as the analysis of current
tools, and interviews with UX practitioners, who will be the main users of this type of
process. Likewise, validation was achieved through the presentation of the proposal to
HCI specialists and UX practitioners, who not only gave their agreement but also looked
forward to the next steps to be taken with this proposed process.

As future work, within the framework of the research project to which this work
belongs, it is proposed to implement a tool that provides support to the whole process
of remote execution of Tree Testing. However, this proposed process is an independent
result of the tool. This means that other people who want to implement their tool or who
wish to have a framework to apply Tree Testing remotely without necessarily using the
tool that is expected to be implemented can also use the modeled process.
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Abstract. This paper aims to present the process of personas development for a
digital solution to increase empathy among social groups. It is a part of a research
focusing on promoting empathy in university students related to external groups
through a web-based platform, with the broader concern of contributing to the
fight against prejudice and discrimination with immigrants in European countries.
Research has demonstrated that empathy can have an important role in decreasing
bias related to external groups. Also, developing personas is an important part of
the UX process; however, its use is often misunderstood, and developers’ interests
bias its development. A reliable and well-prepared data collection comprising
tools development – such as interviews and questionnaires- is crucial for personas
creation. In this sense, this paper presents a case study of personas creation, from
tools development and application to data analysis and personas definition. – As
a result of data collection, three personas were developed based on 83 European
university students’ respondents.

Keywords: Interaction design · User experience · Personas · Ergodesign

1 Introduction

Europe is one of the major immigration destinations of both migration movements,
from inside the European continent and intercontinental immigration. According to
Eurostat [1], about 23 million non-EU citizens were living in an EU state at the end
of 2019. Immigrants add their experiences, values, and biological and cultural diversity
to the host countries. However, sometimes this diversity is not seen as good by locals,
and frictions, from small prejudice demonstrations to significant hate crimes, among
social groups may occur. Since 2011, the European Union has suffered the effects of
a migratory crisis that arose with the Arab Spring and intensified in 2015–2016 [2].
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A considerable amount of legal and illegal immigrants arrived at member states from
their birth countries. With this, discontent among the population became more usual,
contributing to the increase of discriminatory acts, often hidden behind allegations of
fear of loss of job opportunities, decreasing quality of life, canceling of local culture,
and practicing non-European religions.

Authors identify and try to explain this behavior. Stephan & Finlay [3] define prej-
udice as negative attitudes towards different social groups. So, when there is a psycho-
logical distance between the prejudiced person (agent) and the person who is the target
of the prejudice (focus), there is also little or no effort by the prejudice agent does in
understand the other social group, increasing the difficulty of putting in the other shoes.
In this sense, authors argue that diminishing this psychological distance between preju-
dice agent and prejudice focus through empathy could positively affect the relationships
between social groups.

Considering this, a project to develop a digital solution to promote empathy among
social groups based on the User Experience (UX) methodology was proposed, and it is
under development. In this way, this chapter aims to present a pertinent concern during
the UX methodology development: creating the personas.

The chapter is divided into fivemain sections, starting with the introduction followed
by the theoretical background, where core concepts and principles are presented in the
light of the focus of this paper, the development of the personas. The third section
presents the methodology, followed by the fourth, with the main results and discussion,
and the fifth section with the conclusions.

2 Theoretical Background

2.1 The Concept of Empathy

According to Crocetti and colleagues [4], barriers against immigrants are increasing in
many countries, under the excuse of defending one’s own nations against “foreigners”.
Favorable treatments for ingroup members compared to outgroup members, leading to
discriminative behaviors, that is the core meaning behind prejudice definition [5, 6], is
a reality that can be found worldwide. Despite this, research has shown that empathy
can have a positive impact in decreasing this phenomenon. Stephan & Finlay [3] related
empathy to prosocial behaviors and its absence is linked to the antisocial behavior. Also,
the prejudice related to external groups are often associated to exaggerated perceptions
about the differences between internal and external groups. In this way, empathy could
be an important aspect to consider while developing positive solutions to act against
prejudice among social groups.

According to Einsenberg and Fabes [7] empathy is described as an emotional
response that has origin on the emotional state (or condition) from another person and
that is in line with the emotional state (or condition) of this other person, considering a
differentiation between the self and the other. This principle of “the other” recognition
is also shared by Decety and Meyer [8].

Through empathy, we are able to connect with the other’s feelings and thoughts,
allowing us to understand the other intentions, predict their behavior, and experience
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ourselves an emotion that was triggered by the emotion of the other [9]. So, it is funda-
mental for social skills and interactions, leading us to help people and preventing us to
hurt them, making social interaction more efficient.

Authors point two different ways of empathy: the cognitive empathy and the emo-
tional empathy. According to Stephan & Finlay [3], the cognitive empathy, also known
as perspective taking, is a cognitive process related to the ability to put ourselves in each
other’s shoes, taking his/her perspective. It is related to the capacity of understand and
evaluate how much pain a person is felling [10].

The emotional empathy, also known as sympathy, is defined as an emotional reaction
based on the other’s emotional state (or condition). It involves feelings of concern and
sadness for the other person, instead of only reflecting the other’s emotional state [11].
According to Stephan &Finlay [3], emotional empathy can be divided into:

• reactive empathy - that is a reaction to the emotional experiences of the other person.
It is also subdivided into empathetic concern, that is emotions that are predominantly
positive, related to compassion that arise from a feeling of concern with the suffering
of the other. And personal distress, that is related to negative emotions, such as anxiety,
threat and repulsion that arise from the feelings of anguish evoked by the feeling of
the other.

• parallel empathy – that is related to emotional responses that are like those that the
other person is experiencing (negative, if the other has negative experiences, and
positive is the other is experiencing a positive emotion).

The empathetic attitudes are formed by a set of socially responsible empathic beliefs,
where the people that identify themselves with these beliefs are more favorable to deal
with problematic situations and to act accordingly.

Thus, being aware about our own feelings (self-awareness) and being able to regulate
consciously regulate our own emotions (emotional regulation) may be what allow us
to distinguish empathic response to others from our own personal distress. With only
empathic responses leading to prosocial behavior [10].

Prosocial Behavior (Empathetic Attitudes). According to [12], the prosocial behav-
ior comprises acts such as helping, sharing, comforting, donating or volunteering and
cooperating, that aim to benefit other people, and it is shaped by cognitive and emotional
process. Their motivations can be altruist (aiming to promote well-being of others), and
selfish (aiming to promote one’s own well-being). Empathetic attitudes are voluntary
actions that give answer to the cognitive process, resulting from a conscious decision
taking [13].

Decety & Meyer [8] point that in cognitive empathy -related tasks, when people
imagine the other’s feelings in certain situation versus what they imagine that are their
own feelings in the same situation, different emotions arise. In the first case, people tend
to feel sympathy or empathetic concern by the other, while the second case people can
lead to personal distress. So, authors [10] argue that this could explain why empathy not
necessarily leads to a prosocial behavior. In this way, any intend to develop solutions
to promote empathy needs to rely on promoting empathetic concern, avoiding personal
distress.
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2.2 The User Experience (UX) Process

According to Xu [14], ergonomics and human-factors have been developing Human-
centered approaches to deliver ergonomic products, namely theHuman-CenteredDesign
(HCD) methodology [15]. This approach is based on considering Human needs and
expectations in the center of the developmental process, in order to promote interactive
products (physical or digital) that meet Human requirements. ISO 9241-210:2019 [15]
define experience as the perceptions and responses that users’ have while using a system,
product or service, including their emotions and beliefs.

As stated by Jetter and Gerken [16], nowadays people mediate their intention of
having aa product not only because of their needs or product’s superior technical and
functional capabilities. Instead, they are interested in the whole experience products can
provide, such us social integration, recognition, freedom, among others.

The empathic approach of UX process highlights the emotional nature of the experi-
ence, and the experiences that products elicit should be in line with user’s needs, beliefs,
motivations and expectations. For this, a rich and empathic understanding of the user’s
desired experiences is needed, with the objective of both, defining requirements truly
reflects users and creating empathy in designers, inspiring them to feel like the users
[17]. A useful tool in the UX design process are the Personas [18].

Personas. The concept was introduced by Cooper [18] and are very used when design-
ing considering a Human-centered approach. According to the author, Personas are
hypothetical archetypes of real users as they are developed based on empirical under-
standing of users’ characteristics and behaviors. According to Goh and Romainoor [19],
the advantage of using this technique is target group be seen in an empathetic way,
encouraging communication about it among design and development team, supporting
a holistic understanding of the user.

Personas’ creations are supported by reliable data from qualitative and, sometimes
quantitative, field research, in order to collect information from a broad range of real
people, including extremes. Thus, this information is processed considering grouping
users by their goals, motivations, beliefs, tasks, skills, and so on. According to Cooper
[18], generally, despite of the dramatic variation among users, three groupswith the same
pattern will be detected. Personas are the representation of these groups of real people.
Thus, developing focused and well-structured data collection tools, such interviews
guides and questionnaires, are an important part of the personas’ creation process. Most
of the criticism about Personas are based on its biased development, that is when they
are developed to justify and defend features proposed by the design and development
team, based on the idea they have about the use, instead of to act as a tool to understand
and to communicate the goals, motivations and desires of real users [20]. Authors [21]
also argue that is a lack of validation in personas creation process.

Personas are goal directed fictional representations of real users, whose main charac-
teristics are grouped considering pattern that arise from data analysis. They are described
as vivid representations that are, in general, described in a text-basis, considering a name,
basic demographic information, patterns of product usages, goals, behaviors, beliefs
and attitudes. Usually, it is also attached to the textual information about the persona, a
pictorial information [19].
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In this context, this paper aims to present the personas creation process for the
development of a digital solution to increase empathy among social groups. This is part
of a larger project based on the development of a platform to host content related to the
promotion of empathy between social groups.

3 Methodology

Asalready explained, Personaswere developed for be used in amore complex project that
aims to increase empathy among social groups (immigrants), namely among university
students. Considering this, the focus of Personas creation were university students from
Europe.

Qualitative data were collected through an online questionnaire directed to target
group. Target group was comprised by European citizens, European residents, aged
between 18 and 30 years old.

The methodology was developed in two main phases: questionnaire development
and data collection.

3.1 Questionnaire Development

The questionnaire was developed mainly to understand the general characteristics of the
target group, considering demographic data, their preferences, their personality, their
level of empathy, their attitudes towards the other and their contact with immigrants.
Questions were developed considering studies objective and were inspired by the Neris
model, from the 16personalities website [22]. The questions were created in Portuguese
and translated by a professional Portuguese-English speaker and retranslated by another
professional to provide accuracy of translation process. Questionnaire was provided in
both languages, Portuguese and English.

The questionnaire was comprised by eleven parts:
1st part: questionnaire explanation, objectives presentation and participation, data

collection authorization.
2nd part: participants’ selection according to their birthplace and country of residence.
3rd part: Understanding of participants preferences related to their personal choices

that characterize their personality. With these data it would be possible to understand
project requirements as well as more appropriated interactions to be used to allow the
target group to reach the project’s main objective.

4th part: Questions made with the objective to know if participants can separate
their own feelings from those shared with others, as well as to know if they are able
to control their emotions. With these data we could understand where the target group
are considering the project’s main objective and to contribute for decisions related to
approaches directed to improve empathy with immigrants.

5th part: to understand participant’s sociability level to develop the system based on
their characteristics. For example, defining if participants would have a direct contact
with immigrants through the system or if this option shouldn’t be considered.
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6th part: Understand how the relationship of the target with others is considering the
possibility of conflict. With this, it is possible to define possible interactions without
creating friction between social groups.

7th Part: Knowing the level of interests about the other. It can influence the way
information is presented, the duration of the contact with the immigrant’s narrative and
its complexity.

8th Part: Knowing participant’s (target-group) level of empathy, also perceiving if
they aremore framed into the emotional or cognitive empathy. It is necessary to avoid the
personal distress caused by a high level of emotional empathy. Besides, understanding
the empathy level allow us to have idea of the empathy level start point of the target
group (university students) to plan what is needed to increase the empathy level with
social group (immigrants).

9th part: Knowing the profile of the target group to perceive the type of interaction
and content is part of their daily lives. With this, it would be possible to define, for
example, the narrative type more suitable to catch and maintain target’s attention as well
as interaction’s average duration.

10th part: knowing the level of proximity the target group (university students) has
with immigrants to find out if they have contact with this social group. It would allow
us to predict if using narratives about immigrants would represent a novelty for the
university students, and how much of this contact would evoke the feeling of belonging
to the group.

11th part: to make a demographic profile of the target group, also ensuring that
respondents belong to this group (European university students from 18 to 30 years old).

The constructs list with the questions for each part of the questionnaire is presented
on Table 1.

Application Protocol. Data were collected through an online questionnaire, distributed
through Facebook groups and the Survey Cycle® for twoweeks. Only European citizens
were asked to participate. To ensure this, after presenting the study’s objective and having
authorization for data collection, the second part of the questionnaire directly asked
participants if they born or live in Europe. If the answer was “yes”, they could continue
to fulfil the questionnaire, if they answered “No”, they were directed to the end of the
questionnaire.

Table 1. List of the parts of the questionnaire with their constructs, questions and answer’s types

Part Construct Question Answer’s type

Part 1 Questionnaire
Presentation

Q1 - Do you agree to
participate in this
questionnaire and share
your answers as
part of this study?

Multiple-choice (Yes/No)

Part 2 Participant’s selection Q2 - Were you born in
Europe?

Multiple-choice (Yes/No)

Q3 - Do you live in
Europe?

Multiple-choice (Yes/No)

(continued)
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Table 1. (continued)

Part Construct Question Answer’s type

Part 3 Personality - Priorities Q4 - You get along better
with:

Multiple-choice (Your
family/Your friends)

Q5 -You prefer: Multiple-choice (Face to face
conversations/Online
conversations)

Q6 - You prefer: Multiple-choice (To listen/To
talk)

Q7 -You prefer: Multiple-choice (To
create/To contemplate)

Part 4 Personality
– self-awareness and
emotional regulation

Q8 -You react impulsively
under pressure

Likert-type scale
(always-never)

Q9 - You envy other people Likert-type scale
(always-never)

Q10 - You see yourself as
an emotionally stable
person

Likert-type scale
(always-never)

Q11 - You understand what
you’re feeling

Likert-type scale
(always-never)

Q12 -You let yourself be
infected by the emotions of
other people

Likert-type scale
(always-never)

Part 5 Contact with others -
Sociability

Q13 - You start
conversations

Likert-type scale
(always-never)

Q14 - You like to be the
center of attention

Likert-type scale
(always-never)

Q15 - A book or a video
game is often better than a
social event

Likert-type scale
(always-never)

Part 6 Contact with others -
Relationship

Q16 - You often feel
superior to other people

Likert-type scale
(always-never)

Q17 - In an argument,
speaking the truth is more
important than how it
affects people’s feelings

Likert-type scale
(always-never)

Q18 - You care about how
your actions affect other
people’s feelings

Likert-type scale
(always-never)

Part 7 Contact with others -
Interest in the other

Q19 - You are interested in
knowing about other
people’s lives

Likert-type scale
(always-never)

(continued)



100 E. Vilar et al.

Table 1. (continued)

Part Construct Question Answer’s type

Q20 - When someone starts
talking about
himself/herself you get
quickly distracted

Likert-type scale
(always-never)

Q21 - In a conversation,
you usually find yourself
talking more about yourself
than listening to what the
other person has to say
about themselves

Likert-type scale
(always-never)

Part 8 Empathy Q22 - In a conversation,
you pay attention on the
person’s reactions to what
you are saying

Likert-type scale
(always-never)

Q23 - Even if the listener
doesn’t like it, you prefer to
say what you think

Likert-type scale
(always-never)

Q24 - If a friend is sad, you
try to find solutions to help
instead of reproducing his
emotions

Likert-type scale
(always-never)

Q25 - You feel happy when
someone is ready to
express their feelings and
share them with you

Likert-type scale
(always-never)

Q26 - You can tell when
people are upset about
something

Likert-type scale
(always-never)

Q26 - If someone is sad get
sad too

Likert-type scale
(always-never)

Q27 - Even if you don’t
agree with someone else’s
point of view, you can still
appreciate the differences
of opinion

Likert-type scale
(always-never)

Part 9 Information Source Q28 - On average, how
much time a day do you
spend on the internet? (not
counting work, if
applicable)

Multiple choice (less than 1
h/1 h–2 h/3 h–4 h/5 h–6
h/more than 6 h)

(continued)
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Table 1. (continued)

Part Construct Question Answer’s type

Q29 - You spend most of
that time:

Multiple choices
(Social networks/reading
news/navigating in
websites/Playing
games/watching
videos/shopping/other)

Q30 - How often do you
read?

Likert-type scale
(always-never)

Q31 - How often do you
watch documentaries?

Likert-type scale
(always-never)

Q32 - How often do you
watch videos in the first
person? (f.e.: YouTube)

Likert-type scale
(always-never)

Q33 - How often do you
listen to podcasts?

Likert-type scale
(always-never)

Q34 - How often do you
visit museums?

Likert-type scale
(always-never)

Q35 - How often do you
access Instagram or other
photo sharing networks?

Likert-type scale
(always-never)

Part 10 Contact with
Immigrants

Q36 - Is anyone in your
family an immigrant (came
from another country)?

Multiple choice (I don’t have
immigrants’ relatives or
friends /Mother or father
/Grandmother or grandfather
/great-grandmother or
great-grandfather /other)

Q37 - Do you have any
immigrant friends (who
live in your country but
were born in another)?

Multiple choice (I don’t have
immigrants’
relatives/friends/I have a
friend/ 2–3 friends/4–5
friends/More than 6 friends)

Q38 - Do you interact with
immigrants during your
day?

Likert-type scale
(always-never)

Part 11 Demographic data Q39 - How old are you? Multiple choice (18, 19, 20,
21, 22, 23, 24, 25, 26, 27, 28,
29, 30, other)

Q40 - What is your gender? Multiple choice
(male/female/other)

Q41 - What country were
you born in?

Open answer

(continued)
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Table 1. (continued)

Part Construct Question Answer’s type

Q42 - What country do you
live in?

Open answer

Q42 - What is your level of
education?

Multiple choice (completed
high school/completed
graduation/completed
masters/completed doctorate)

Q42 - What is your
profession?

Open answer

4 Results and Discussion

At the end of two weeks period, 87 completed questionnaires were collected, and results
were analyzed in order to group patterns of response.

From these 87 questionnaires, 63 reported as being students, consequently these are
considered the valid ones. Demographic data was analyzed first, and three age groups
were defined, as can be seen on Table 2.

Table 2. Results from demographic data

Age group Female Male Total Nº of students Country (born/live)

18–23 24 8 32 28 (87.5%) Graduation
(68.8%)

Portugal (28.1%)/ Portugal
(28.1%)

24–26 13 9 22 15 (68.1%)
Graduation (59.1%)

Germany (27.3%)/Germany
(27.3%)

27 - 30 14 19 33 20 (60.6%) Graduation
(42.4%) Master (39.4%)

Germany/UK (51.5%)

Total 51 36 87 63 (72.4%)

From demographic data three profiles were verified a female graduation student,
from south of Europe, between 18 and 23 years old, a female graduation/master student,
from a country of the western Europe, between 24 and 26 years old, and a male Master
student and worker, from the north of Europe, between 27 and 30 years old.

Data from these three age groups were defined and their answers for each construct
were analyzed. Likert-type answers were analyzed grouping points 1and 2 (never), 3
(medium point), 4 and 5 (always). Main results can be seen on Table 3.
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Table 3. Main results for each construct grouped by age.

40.9%)
27 - 30 Always (20-60.6%) Never (17-51.5%) Never (17-51.5%)
Age group Contact with others - RelaƟonship

You oŌen feel superior to other 
people

In an argument, speaking the truth is 
more important than how it affects 
people’s feelings.

You care about how your acƟons affect 
other people’s feelings.

18-23 Never (23-71.8%) Always (26-81.2%) Always (29-90.6%)
24 - 26 Never (10-45.4%) Always (11-50%) Always (17-77%)
27 - 30 Never (22-66.6%) Never (12-36.4%) Always (14 – 42.4%) Always (26-78.7%)
Age group Contact with others - Interest in the other

You are interested in knowing 
about other people’s lives.

When someone starts talking about 
himself/herself you get quickly distract-
ed.

In a conversaƟon, you usually find 
yourself talking more about yourself 
than listening to what the other person 
has to say about themselves.

18 - 23 Always (22-68.7%) Never (25-78%) Never (24-75%)
24 - 26 Always (18-82%) Never (11-50%) Never (10-45.4%)
27 - 30 Always (25-75.7%) Never (19-57.5%) Never (18-54.5%)
Age group InformaƟon Source

On 
average, 
how much 
Ɵme a day 
do you 
spend on 
the 
internet? 
(not 
counƟng 
work, if 
applicable)

You spend 
most of 
that Ɵme:

How oŌen 
do you 
read?

How oŌen do 
you watch 
documentaries?

How oŌen 
do you 
watch 
videos in 
the first 
person? 
(f.e.: 
YouTube)

How oŌen 
do you 
listen to 
podcasts?

How oŌen 
do you 
visit 
museums?

How oŌen 
do you 
access 
Instagram 
or other 
photo 
sharing 
networks?

18 - 23 3-4h (11 – 
34.4%)

Social 
Media 
(20-
62.5%)

Never (12-
37.5%) 
Always 
(11 – 
34.8%)

Never (19-
59.3%)

Never (17-
51.5%)

Never (18-
56%)

Never (26-
81%)

Always (24-
75%)

24 - 26 3-4h (11 – 
50%)

Social 
Media (9-
40.9%)

Always 
(12-
54.5%)

Medium (10–
45.4%)  

Always 
(10-45.4%)

Never (10-
45%)

Never (16-
72.7%)

Always (12-
54.5%)

27 - 30 3-4h (12 – 
36.4%)

Social 
Media 
(10-30%)

Always 
(16-
48.4%)

Always (16-
48.4%)

Never (18-
54.5%)

Never (17-
51.5%)

Never (17-
51.5%)

Always (16-
48.4%)

Age group Contact with Immigrants
Is anyone in your family an immi-
grant (came from another coun-
try)?

Do you have any immigrant friends (who 
live in your country but were born in 
another)?

Do you interact with immigrants during 
your day?

18 - 23 No (22-68.7%) No friends (8-25%) Never (13-40.6%)
24 - 26 No (16-72.7%) 1 friend (7-31.8%). 2-3 friends (7-31.8%) Never (10-45.4%)
27 - 30 No (17 -51.5%) More than 6 friends (12-36.4%) Always (20-60.6%)

Age group PrioriƟes
You get along beƩer with 
(n/%): 

You prefer: You prefer: You prefer:

18-23 Family (20 – 62.5%) Face-to-face (27 – 84.3%) To listen (25 – 78%) To contemplate (17- 53%
24 - 26 Family (11 – 50%) Friends 

(11 – 50%)
Face-to-face (18 – 82%) To listen (15 – 68%) To contemplate (11 – 50%)

27 - 30 Friends (18 – 54.4%) Face-to-face (28 – 84.8%) To listen (24 – 72.7%) To create (19 - 57.5%)
Age group Self-awareness and emoƟonal regulaƟon

You react impulsively 
under pressure (n):

You envy other 
people

You see yourself as an 
emoƟonally stable 
person.

You understand 
what you’re 
feeling.

You let yourself be 
infected by the 
emoƟons of other 
people.

18-23 Never (11 - 34,4%) 
medium (10 – 31,2%) 
always (11 34,4%)

Never (18 – 56%) Medium (14–43.7%) 
Always (13 -40.6% ) 

Always (20-62.5%) To contemplate (17-
53%

24 - 26 Never (11 – 50%) Always (10 – 
45.4%)

Never (9-40.9%) 
Always (9-40.9%)

Always (12-54.5%) To contemplate (11 – 
50%)

27 - 30 Never (11) medium 
(10) always (11)

Never 22 (66.6%) Always (18-54.5%) Always (23-69.6%) To create (19 - 57.5%)

Age group Contact with others - Sociability
You start conversaƟons. You like to be the center of aƩenƟon. A book or a video game is oŌen beƩer 

than a social event.
18-23 Medium (12–37.5%)  Always (12-

37.5% )
Never (22-68.7%) Never (17-53.1%)

24 - 26 Medium (8-36.7%) Always (9- Never (13-59%) Never (7-31.8%) Always (7 – 31.8%)
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According to the data, the age group from 18 to 23 years old presented more family-
oriented, beingmore contemplative than creative, a little shyer than the other two groups.
People from this group sems interested in what others have to say and let themselves
be infected by the others’ emotions, being able to stop saying what they to not hurt the
listener. This group had participants from eleven different countries but most of them
are from Portugal.

The age group from 24 to 26 years old seems to be a middle term between the two
other groups. They are both, family and friends-oriented, and they prefer to contemplate
than to create. People from this group are shy. They like both, stay at home with family
and to hang out with friends. They are very emotive, preferring to not saying what they
think for not hurting another person. They are very worried in knowing how their actions
affect the others, feeling sadness when the other is sad. Most of the participants from
this group are from Germany, followed by Italy.

The oldest age group (27–30 years old) is very different from the youngest one (18–
23 years old). This group is more friend-oriented and more creative than contemplative.
A little impulsive and less shy than the other groups, they take the initiative in starting
a conversation and don´t care in being the center of attentions, for example. However,
this group shows less attention to the other emotions, showing less concerns about the
effect of their acts in the others, preferring to say what they think. Most of participants
from this group are from United Kingdom and Germany, followed by Portugal.

After data analysis, three personas were created according to Cooper and colleagues
[23], a main persona, called Beatriz, and two secondaries that are Emma and Dave.
Beatriz can be seen on Fig. 1. Emma and Dave can be seen on Fig. 2 and Fig. 3.

Fig. 1. A description of Beatriz, the main persona created from the questionnaire data.
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Fig. 2. A description of Emma, a secondary persona created from the questionnaire data.

Fig. 3. A description of Dave, a secondary persona created from the questionnaire data.

5 Conclusion

Themain objective of this paperwas presenting the development of personas for a project
to develop a digital system to increase empathy among social groups. The target group
was the university students, mainly those from age group ranging from 18 to 30 years
old.
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For this a questionnaire based on constructs related to level of empathy, information
source, contact with immigrants, among others, was developed and distributed online.

Attained results were analyzed and three main profiles were defined. From them,
personas were created.

Despite the criticism around Personas, when used in a Human-Centered Design
methodology approach, it has been considered a valuable contribute for the design pro-
cess. Personas are a collection of human attributes specifically from the target users. This
method allows us to promote project’s decisions focused on the real users, avoiding that
designers’ personal beliefs may influence the design and development process. Besides,
personas help the process as this tool promotes designer-user connection, promoting
empathy. So, designer starts seen the user, not as data, requirements and features, but as
a human being. It makes easy for the designers to put the focus on the necessities and
expectations of real persons.

As literature explaining the process of personas creation is still difficult to find, data
from this paper could be useful for those who want to implement this tool in UX design
processes.
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Abstract. The smart products or smart device, are updated from normal products
by implanting electronic chips and system, connecting to the Internet or other
devices, and users have to operate them through the physical the digital interface.
Thanks to the popularity of smart products, the economy is increasing, the relevant
market is expanding. Internet of Everything and everything became smart are
seems to be the new trend for part of human civilization. Thereby, the design of
these technology- related product becomes the mainstream for design education.
Design as the force for innovation was given greater responsibility at this time.
Thereby, this research attempted to produce specific design methodology for the
smart product, included design process and methods. This design methodology
could be novel or updated one for creating smart products with high quality of
both product and experience. When the author took an in-depth interpretation
of the research road for the smart products’ design methodology, which is the
leading research result of the designmethodology. The research of classic or novel
design approaches tries to define the factors from them, which could contribute
to enhancing the quality of smart products. The final outcome of this research
is a basic model of design methodology for smart products. This updated design
methodology is concerning both the situation of rapid iteration and quality of user
experience, which are the characteristics of consumer products in this age.

Keywords: Smart products · Design tools · Interaction design · User experience

1 The Future of Smart Products

With the development of information technology and the Internet of Things, the smart
products are becoming the necessity to human’s life. These smart products evolved from
traditional, non-electrical products by implanting chips and digital system. They are
penetrating our lives and changing our behaviors and habits. Thanks to the convenience,
they are bringing new growth of the economy and changing the consuming habit of
society. It is also becoming a hot field for design, and many design disciplines are
involving to the smart products, e.g., industrial design, interactiondesign, user experience
design, service design. However, the smart products have high failure rate actually, most
of them failed at the concept phase. The failure comes from the low concept acceptability

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
M. M. Soares et al. (Eds.): HCII 2022, LNCS 13321, pp. 108–119, 2022.
https://doi.org/10.1007/978-3-031-05897-4_8

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-05897-4_8&domain=pdf
https://doi.org/10.1007/978-3-031-05897-4_8


The Exploration of Tools and Methods for Designing Smart Products 109

on crowdfunding platforms, also from the user experience quality for the products that
already released into the market. These failures lead to design waste. Although there
are various reasons for the success of a product, design methodology as the approach
to generate the solution from concept to product, it is playing an essential role for the
smart products. Meanwhile, a design methodology is always the main content for design
education, and it is also applied in the profession and industry.Therefore, a specificdesign
approach for the design of smart products is required for both the design education and
industry, to enhance the quality of the smart products, especially for the user experience
quality.

2 The Design Methodologies of Smart Products

2.1 The Design Process and Methods

It is necessary to have a view of the process, methods and tools when to study the design
methodology of smart products, which are the components of a design methodology.
Design methodologies belong to the class of procedural approaches as they contain a
procedural process model and methods [1]. With the context of this research, I selected
standard methodologies of Industrial Design, Interaction Design and User Experience
Design with the interpretation of the specific process, methods, to have a sound under-
standing of them and state of the art. With the definition of design methodology, the
design process comprises phases in sequence, and each step usually combines with
diverse methods and tools. Briefly, it is the flow for designers to manage the problem.
Moreover, the design method in the process helps designers to understand the situation
and problem, and then allows them to determine what the design solution needs to do
[2]. Therefore, I conducted a study of the design process first.

By the process model which based on the problem-solution based methodology by
JJ Foreman in 1967, the design process included four steps which from the problem to
the solution. By the descriptive model of the design process by Nigel Cross, he sorted the
phases from the perspective of designers in this model, and it concluded themain tasks of
designers in each step. Another design processmodel proposed byBruceArcher predicts
the need for different approaches in different moments, systematic observation and
inductive reasoning in the analytical phase, and subjective and deductive reasoning in the
creative phase [3].Michael French produced amore detailedmodel of the design process
in 1985. It demonstrated the outputs and activities in each stage with feedback loops. On
the other hand, when I studied the general process of the Industrial Design, it has there
are three primary stages: planning, development, and production. These stages define
the process beyond the activities of any specific discipline [4]. The development stage
of this model includes research, conceptualization and refinement. Meanwhile, when I
took IxD as a research object, the IxD design methodology, as Dan Saffer discussed. The
most special features of this model are the second times’ divergence and convergence
from the begin to the end. It shows that in the middle point is the decision of structured
findings, and structured findings are research data put into a form that can be easily
understood. They can be stories, models, visualizations, personas-anything that makes
the unfiltered data into something helpful and actionable [5]. It is the previous step with
a specific proposal before the ideation phase. During a diverging phase, designers should
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try to open up as much as possible without limiting themselves, whereas a converging
phase focuses on condensing and narrowing designers’ findings or ideas.

J. Christopher Jones, in his book Design Methods, argued that design breaks down
into three stages: Divergence, transformation and convergence. Briefly, divergence is the
stage to define the objectives and the problem boundary; transformation is the stage to
structure the problem into subproblems and to detail all the issues of the project, it is the
stage when objectives, brief, and problem boundaries are fixed, when critical variables
are identified, when constraints are recognized, when opportunities are taken and when
judgements are made; convergence stage is to make decisions of the final design by
designers.

In order to have a general view of the design process from the macro perspective,
after the study of these representative design process in history, I compared all these
process models by redrawing all these models in the horizontal view, and parted each
step by tasks, activities and outcomes, all of them can ergonomics as with four steps.
Whatsmore, I created a universal model which can be the theoretical design process to
interpret the stages and the main purpose and activities of them (see Fig. 1).

Fig. 1. The typical model of the design process

The model integrated the similar phases of the diverse models into four steps, which
also follow the process of problem-establishing needs-satisfying needs-solution. Mean-
while, it applied the second divergence-convergence form for seekingmore opportunities
and possibilities of the solution. Specifically, in this model,

• The scoping stage is to plan the design project and to conduct the survey, and it
includes the scheduling, understanding the competitors, it is the phase to collect the
data for research;

• In the research stage, designers’ task is to analyze the data, and to work out the explicit
definitions of the problem and users’ need;

• In the ideation stage, designers start to conceptualize the ideas and to refine them
in time. The various concepts could include all the aspects of the product, such as
the user interface, the functions, the interactive forms, and so on. Indeed, all of them
should concern the experience of the user;
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• Once the idea comes to visible by virtual model or sketches, they should be developed
into perceptible prototypes or models in the stage of the test. Designers, users and
other stakeholders have to evaluate as much as the factors of the products, such as
aesthetics, ergonomics, perception, experience, and so on.

Besides the process, another component of the design methodology in the form is
the method. By definition, a method is a procedure or technique for obtaining find-
ings or knowledge. It is a philosophy and approach that lends clarity to and facilitates
the designer’s work. It helps designers understand the situation and problem, and then
allows them to determine what the design solution needs to do [2]. According to the
initial survey, there are over one hundred standard design methods for diverse design
methodologies, although most of them are employed in the same design methodolo-
gies simultaneously. Certainly, it is still too much for me to research each of them.
Thus, I selected and analyzed the methods and tools in the typical and emerging design
methodologies those fits for the industrial design and interaction design, they included
User-CanteredDesign, Goal-DirectedDesign, typical Industrial Design, Agile, LeanUX
and Design Sprint, these focused analyses were effective and efficient in this research
context.

In this phase of research, I will discuss all the six standard and emerging design
methodologies from the process to the methods. The study on each methodology will
analyze the process, principle and features first, and then mention the methods of them.
Because there are repeating methods among these approaches, the interpretations of
them will discuss together with analyses. I intended to generate a new or updated design
methodology for smart products to enhance the quality both of the product and experience
by adopting the advantages from these conventional or new design approaches with
concerning the quality factors of the smart product. By combining the previous research,
the smart products are produced for enhancing the experience by making traditional
products into smart ones or created for satisfying the new need of users, and the main
characteristic of the smart product is the combination of the physical part and the digital
part. Therefore, the new design has to fit the design of both the tangible and the virtual
parts of the smart products.

2.2 The Methods and Tools of the Design Methodologies

Follow the study of both traditional and emerging design methodologies, and I realize
the difference between the two kinds of approaches, especially in the new ones, there
are some unique methods and tools. Therefore, after the process analysis, I intended to
interpret the methods those adopted in the approaches I studied above, and to define the
stages involves the specific methods. It is the preparation of the smart product design
methodology research in next phase.

The methods and tools listed here are from the UCD, GDD, typical industrial
design methodology, Lean UX and Design Sprint. The order of them followed the
sequence of the approaches we discussed. Most of the methods are repeated in the
design methodologies, especially in the standard design approaches (Table 1).
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Table 1. The comparison of the methods’ adoption

Method Applied methodology Applied stages

Scope Research Ideation Test

Personas UCD / GDD / Lean UX / ● ● /

Scenarios UCD / GDD / ● ● /

Use case UCD / ● / /

Focus group UCD ● / / /

Usability testing UCD / GDD / / ● ●

Card sorting UCD / ● / /

Co-design UCD / GDD / Design
Sprint

/ ● ● ●

Interviews UCD / GDD / Lean UX / ● ● ●

Ethnography GDD / ● / /

Observations UCD / GDD / ● / /

Storyboards GDD / Lean UX / / ● /

Sketching UCD / GDD / Design
Sprint

/ / ● /

Prototyping UCD / GDD / Lean UX/
Design Sprint

/ / ● ●

Case study UCD / GDD / ● / /

Design brief UCD / GDD / Lean UX/
Design Sprint

● / / /

Brainstorming UCD / GDD / / ● /

Design charrette Lean UX / ● / /

Wireframes UCD / GDD / Lean UX / / ● ●

Lightning talk Design Sprint ● / / /

Experience map UCD / GDD / Design
Sprint

/ ● / /

Empathy Design Sprint / ● / /

User journey UCD / GDD / Design
Sprint

/ ● / /

Success metrics & signals Design Sprint / ● / /

The golden path Design Sprint / ● / /

Future press release Design Sprint / / / ●

Crazy 8’s Design Sprint / / ● /

Solution Sketch Design Sprint / / ● /
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The result demonstrates the most adopted methods, which also the common ones
in design activities, such as design brief, literature reviews, sketching, prototyping. It
indicates there are the indispensablemethods in the design process for a design approach.
Themethods those for user study are employed bymany of the approach, which includes
personas, scenarios, interviews, experience mapping. Furthermore, storyboards, case
study, brainstorming are the usual methods for design activities. From the stages’ point
of view, several methods throughout the process and are used at least two stages, such as
personas, scenarios, usability testing, participatory design, interviews, literature reviews,
prototyping, 3D modelling, wireframes.

In contrast, most of the methods in emerging design approaches are used in only one
stage by each of them, such as lighting talk, business model canvas, future press release,
crazy 8’s, they are specified and efficiency. Beside these targetedmethods, there are some
unique methods which only be employed by one approach and one stage, and they are
including focus group, card sorting, ethnography, 3Dmodelling. To have detailed analy-
ses of them, some of them used for specific object, for instance, 3D modelling is applied
for physical product design; some of them need resource and time to carry out in the pro-
cess, for example, ethnography need long term immersive, while focus group and card
sorting require cooperation of users. Whatsmore, the emerging design methodologies
adopt business-related methods to meet the current design trends and needs. In conclu-
sion, as the result of comparing and combining the performance of applied methodology
and stages, personas, scenarios, usability testing, interviews, observations, literature
reviews, storyboards, sketching, prototyping, case study, design brief, brainstorming,
brainstorming, 3D modelling, user journey, experience mapping and business-related
methods can be referred to the design methodology of smart products.

2.3 The Flexibility of Design Methodology in Practice

The design methodology, as its definition I discussed at the beginning of this chapter.
Briefly, it focused on the design process, to employ appropriate methods, and manage
them for a sustainable solution for a problem. It is a translation to interpret designers’
knowledge to a product by considering the diverse situation by practical design activi-
ties. The design methodology should contribute to the improvement of design practice,
particularly by exploiting scientific methods [6].

Nevertheless, the conditions and context for each project are different from others,
multiple constraints should be coordinated simultaneously, such as the environment,
time, financial supports, the task for each participator in the team and so on, theses mass
issues promote the designer to seek and set appropriate methodology for balancing all
the constraints. Therefore, there are no restricted rules for the employment of the design
methodology in designing a product. It is flexible and dynamic to organize the steps in
the process and the specific methods.

A lot of effort has been invested in finding out that designers do not usually work
to the guidelines of design methodology [7]. After all, the purpose of the design is to
create a product bring benefit to all the stakeholders as much as possible, to satisfy
users, clients, customers, and so on. To use a design methodology serves for finding an
appropriate approach to promote innovation.
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Furthermore, in most cases, the adoption of design methodologies and the strategies
for using them are the tasks of individual designers or the design teams. It caused any of
the personal and groups’ factors will impact the application of the design methodology.
As the characteristics and capabilities of the individual designers, the experience and
knowledge of them influence thought and actions to choose the process and methods.
With this feature, as a group of various practitioners, a design team should well organize
each members’ capabilities and knowledge to establish an available design approach.

In this case, as the component of the design methodology, the process is not fixed;
it depends on the time and resource constraints. The designer has to plan and control
the whole process by arranging the sub-process in a flexible way [8]. For instance, the
design process of GDD takes a long term since it adopts ethnography and interviews
which require a certain number of users to participate, designers then should spend time
to observe and communicate with them. This kind of design approach not appropriate for
the start-ups, which are short of the human, and financial resources, their designers have
to allocate all the resources rationally and create market-competitive products within a
particular time. Thus, for a start-up company, maybe to refer to the Agile related design
approach for innovation is a more sensible choice. Designers can set the particular
number of the stages and reorder the sequence of them in the process by the project and
the realistic conditions.

On the other hand, the flexible adoption of methods in the process is also an issue
for the designers. All the methods in the process should be adapted to the context by
designers, their purpose is to support the design process, and they should not simply be
undertaken as routine tasks [9]. Therefore, the designer must be able to choose appro-
priate methods in a particular situation, given a set of characteristics specific to the
interaction between designer and the situation, to make the design methodology support
designers appropriately [7]. Additionally, some of themethods still have a lack of profes-
sionalism and targeted dilemma, and they desire to be used flexibly from other methods,
for instance, the design methods and tools for interaction design. There is not a clear and
developed set of core tools that have been commonly accepted and given a well-defined
purpose and place in the interaction design process, and interaction designers often draw
uponmany different existing design traditions and tools from fields as diverse as fine arts
and graphic design to mechanical engineering [10]. From this point of view, designers
have to employ the specific design methods with a clear understanding of the method,
to define the advantage which fit for the design project.

In conclusion, the adoption of design process and methods by designers is dynamic.
It is a coordination activity for the designer to consider the actual limitations and afford-
ability of the design team to the project. Besides the knowledge of design methods,
designers should have capabilities to choose appropriate methods for the design task,
instead of employing them conventionally.

3 The Updated Design Process and Methods for Smart Products

By all the previous survey, analysis and discussion in this research, there is no spe-
cific design methodology for smart products, which includes hardware, software and
service. The community requires an exploration of research a design methodology to
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enhance the quality of smart products, the quality focus on not only the product but
also the user experience of the end-user. Meanwhile, from the results of the research on
design methodology that had been completed, the specific design methodology of smart
products was gradually formed. Additionally, combined with the character and quality
factors of the smart product, the design approach of smart products shaped its features.
The features distinguished the difference to other design methodologies and specified
the unique design techniques for the interactive, technology products. Thereby, from the
perspective of establishing a new design methodology or upgrading an existed design
methodology, these features could be referred to as the basis at the same time. Based
on the previous argument of the design methodologies and the survey of the design
methodologies’ adoption in Chinese industry, here I discuss the design methodology of
smart products from the process to the methods.

3.1 The Design Process for Smart Products

As argued before, the design process as the framework for programing the methods to
obtain the data and promote the project, it has to plan the main stages and their order
clearly before the implementation. Therefore, the principles for developing the design
process are the initial and critical task. Specifically, the principles include:

• It is a general model. First of all, it has to declare again that the design process is
a general model in this research context as mentioned before, it constructs the main
stages and the tasks in each of them, while the specific content in the process has
to depend on the requirements of the specific project. From a macro perspective,
therefore, it is the framework to divide the phases by following the procedure of
problem-exploration-solution-testing. And the basic structure referred to the updated
double diamond which worked out by the study of the diverse design process in the
development history in the previous research section.

• There are two subprocesses. As argued in chapter two, the combination of physical
and digital products is one of the main features of the smart products. In other words,
the implementation of the design tasks in the entire process are the design of tangible
objects and the software, in which they relate to Industrial Design and Interaction
Design, and physical user interface and graphic user interface are the targets for the
designers. Thereby, the design process of a smart product must include these two
design parts as subprocesses, and they should be conducted paralleled in an ideal
situation. Which means these two procedures begin simultaneously, both of them
start from the scoping stage, then to through the stages of research, ideation and test.
Indeed, the participators in these two subprocesses have to communicate continually,
to ensure the conformity of the product and the software, for instance, the color and
the form of the tangible product, even the interactive mode should be reflected in its
application for the smartphone.

• It combines the process of both traditional and emerging design approaches. Since
the design process relating to the design of the physical and digital product, it should
adopt the Industrial Design, Interaction Design and User Experience Design, which
are the traditional design methodologies I had analyzed and discussed before. Also,
with considering state of the art of design approach’s employment in the industry and
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the competition of the market, Agile related design methodologies are the approaches
to make the design of smart products satisfies the user need and adapts market require-
ments in time. Thus, on the one hand, the design process based on the traditional design
process for creating a product in stable pace; on the other hand, the characteristic of
emerging design methodologies provides the design process have the flexibility to
adjust the steps, activities and the rhythm.

• The sprints in the process are frequently. By the complexity of the smart product, as
a technology product to interact with the user, the experience of the user in the inter-
action is the primary measurement to determine the quality of the smart product to
the user, which I had deduced in the previous chapter, it includes usability, reliability,
communication and so on. Thereby, it requires designers to decide the most appro-
priate solution efficiently. By referring to the Agile design methodology, sprints are a
beneficial approach to find the best solution. The design process should adopt the sprint
strategy, either for the physical product or for the software, especially in the refine-
ment and test phases. In order to find an appropriate solution for the user precisely,
the prototypes or demonstrations must be tested by users or practitioner themselves
several times. The sprint of ideation, test, refinement have to be conducted frequently,
and they can be carried out not only for the design subprocess of tangible or digital
products but also for the final solution with the integration of hardware and software.

• Setting the priority of design tasks, to use a main functional product occupy the
market. Because of the fierce competition of the market and limited resources for the
companies, especially for the start-ups, the timeliness of product entering the market
is critical for these companies, the earlier, the better, to open up potential markets
and brand awareness. However, it is impossible to create an ideal product for users.
It is a step-by-step process to satisfy more need from users. Therefore, to create the
product with main and essential functions is the primary requirement of a company
from the business’s point of view, then to optimize the product by constant iterations.
Indeed, the product can be improved by the user’s feedback from the usage of the
initial generation product. Consequently, in the design process, the practitioners have
to set the priority of the design tasks, to arrange the sequence of the importance of
functions. It can guide the practitioners to focus on the creation of the first version
product, and also consider and plan the design activities for future iterations.

About the setting of design methods, as the specific approaches in design activities,
design methods help designers to collect the information and data, they are the tools for
creativity. Based on the previous research, there are several methods from traditional and
emerging design methodologies, they cover the typical approaches in Industrial Design,
Interaction Design and User Experience design, although there are over one hundred
design methods in the industry. In this design methodology for smart products, the
adoption of methods refers to the popular ones in the previous research with principles.

• The flexible adoption. Through the previous discussion, we agree that the employment
of the design methodology in practice is determined by the specific requirements of
the stakeholders and the conditions of the practitioners. As a general model, like to the
process, the methods in this design methodology for smart products are optional, they
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are the common ones to be referred. Designers could select the specific ones flexibly
by considering the factors of the project.

• Focus on the time control and the efficient of the user study. Because of the fierce
market competition and the rapid development of technology, the design of smart
products requires to consider efficiency as the primary factor. Designers should seek
the methods to create the product that satisfies the needs of users and has high quality
in a short time. It means the methodology requires specific methods to control the
cost of time in design and understand the users efficiently. From previous research,
the design brief is the method for time control and schedule planning, and there are
some sophisticated methods for enhancing the efficiency in user research, such as
Participatory Design, Storyboards, Experience mapping, Crazy 8’s and so on. On the
contrary, the methods of consuming time and resources maybe not fit for short time
development, such as the ethnography.

• To involve business-related methods. In the study of emerging design methodology,
especially in the Design Sprint, it adopts the methods from business strategy, such as
Business model canvas, Future press release. They are the typical approaches to make
designers think about the feasibility of a potential solution from a commercial and
operational perspective. After all, from the perspective of the value, the profitability of
products is fundamental. On the other hand, the smart product as the tangible product
to embody the service system; it is no longer the product that users use it unilaterally.
It desires to adopt an appropriate business model to create commercial value while
promotes users to use it continuedly.

• It encourages practitioners to employ crowdfunding platforms. With the research on
the possibility of crowdfunding platform as the design methods, these on-line open
platforms suitable for creative products. It is an integration of effective and efficient
design tools for entrepreneurs to find potential users and communicate with them. It
is a kind of user-oriented approach to meet the needs of users with the best solution.
Moreover, it controls the design costs strictly, both the creators and backers involve
in a project with minimal risk because of the all-or-nothing operating mechanism.
Therefore, it is very worth trying to adopt the crowdfunding platform as an auxiliary
design method from the stage of ideation in the process, to collect feedbacks of the
concept and to refine it by sprints.

3.2 The Typical and Updated Design Methodology for Smart Products

From the design process, is based on the general model, which I developed from the
integration of diverse design process in previous research. Since it has already been
discussed before, I will not repeat this general process. The primary features of the
updated process include the subprocess and the sprints. The physical product and the
digital product are separated anddeveloped at the same time in two lines,whichmeans the
design process of the hardware and the software of the products are carried out in parallel.
The two subprocesses also apply the four stages with double diverges and converges,
both of them require to communicate with each other in the procedure, to coordinate the
time and deal with some design issues together. The frequent communications ensure the
project to follow the schedule and in the same direction. Indeed, the principal purpose
of communication is to promote the consistency of design, to unified the form, style,
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interaction for the enhancement of user experience. In the stages of ideation and test, the
frequent sprints of evaluation and refinement are the main activity for the designers and
developers. The efficiency is the core of both hardware design and software development
in these two phases. Besides the sprints in each subprocess, the sprint of the final solution,
which combined the physical and digital parts is the most critical activity. For instance,
once the designers found value feedback or data from the test, to take a week to refine
and verify it again is an efficient approach, as refer to the process of Design Sprint. The
sprints in the controlled period drive the participators to improve the product into a better
one to the users.

To base on the process framework, the specific contents in the methodology are
demonstrated in Fig. 2.

Fig. 2. The design methodology for smart products
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To base on the process, the detailed contents of the methodology are demonstrated
in Fig. 3. In this general framework, all the elements are for reference. There is not
rules but pieces of advice and guidelines. The targets, tasks, activities and methods are
suitable for the physical and digital product. Indeed, most of the participators in the
project will involve both the hardware and software design. For instance, the interaction
designers should take part in the design of the part of the tangible product with industrial
designers and structural engineers, to take charge of the physical interface design. They
also have to join the design of the application for smartphones with developers, to think
the functionality, usability, accessibility of the software, and to design the user interface
of it. Thereby, under this circumstance, the designers could play a role as coordinators
in the communication between the two subprocesses.

The list of methods and tools in the framework is the result of integrated the previous
research. It selected the methods in traditional and emerging design approaches by
considering the actual limitations of time, funding, resource in the circumstance with
the fiercemarket competition. All of themethods and tools are optional, and practitioners
can choose any of them with the realistic situation of the project, to form their design
approach for the design activity.
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Abstract. This paper introduces a newpractical approach to developing a persona
via the extreme user. The behavior of extreme users provides the distinguished
dimension on grouping different persona. This research collects data from obser-
vation and deep-in interviews, with analyzed the interview data sentence by sen-
tence, five dimensions are filtered by the principles that can provide guidance for
the design and distinguish the user portrait. The scales on each dimension are used
to describe the refine characters of the persona, to have the persona be stereo and
vivid. Finally, five personas were set up in the theme of health in the middle class:
“corporation slave sport by mind”, “self-discipline middle in a dilemma”, “sports
talent overdo lead to injury”, “home care keeper” and “ageless lady”. Common
trends are also understood thoroughly from interview data to support persona.
This approach is trying to grab sensible information from typical users to build up
a persona and to get precise user features for commercial use.

Keywords: Persona · Extreme user · Distinguished dimension

1 Introduction

1.1 Persona

Persona is a tool to describe the actual target user group with an abstract labeled virtual
user representative model. Williams (2021) claims that persona has been widely used in
various fields where systems, services, or products are being designed for human use. As
a tool for describing target users, the significance of user profiling lies is in refining the
target users and helping to explore their behavioral patterns and specific user needs (Huh
et al 2016). On the other hand, it lies in further segmenting and fleshing out the users,
providing the parts of the target users that form a differentiation from other user groups.

1.2 Manual Clustering Method of Persona Development

Concerning the persona development process, Brickey et al. (2012) summarized and
suggested that “persona development teams often pursue various methods to developing
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personas, including which type of data to use. Nonetheless, the different persona devel-
opment methods are usually shared four steps”: (1) Identify target users, (2) Collect user
data, (3) Group users into personas, (4) Create and present persona details. Since users
possess many attributes such as natural, social, and behavioral attributes, we need to
identify which of the many attributes on users are responsible for the differences among
users. As suggested by Mulder and Yaar (2012), grouping users into personas (step 3)
is essential to the effectiveness of the final personas, capturing user needs, identifying
key differences between users, and generating clusters.

The clustering of persona must be based on user data (step 2). Qualitative or quanti-
tative data collection methods, such as user interviews, focus groups, and questionnaires
can be used. Although, Jansen (2020) argues that conditions such as online social media
(Khan et al. 2019), system analysis platforms (Berg et al. 2019) can help realize data-
driven personas created by algorithms (An et al. 2018). In the persona development
process, we cannot get the specific scenarios and psychological attributes of users from
charts and figures of those quantitative data. As well as we can only portray the deep-
seated attributes from reasons, demands, and motives behind users’ behaviors. There-
fore, most of the persona studies still use qualitative methods (Lee et al. 2021), although
Cooper (1999) stated that designers should use qualitative data to create personas, and
Goodwin (2002) strongly recommended it.

The method of collecting user data determines the technique of persona clustering.
As Brickey (2010) argued persona recognition and clustering only rely on the same
type of data, including manual operations to identify users and qualitative clustering
techniques using semi-automated statistical software are the most commonly used tech-
niques for clustering personas. Goodwin (2002) is one of the representative researchers
who advocates the use of rich qualitative data from interviews or observations for man-
ual clustering and summarizes the necessary steps to complete the creation of the final
persona. Her manual clustering method as described in (Cooper et al. 2007) is to list
the significant behaviors of users into several groups of behavioral variables (including
several aspects of users’ activities, attitudes, abilities, motivations, skills, etc.). Then the
subjects of the interview and the behavioral variables correspond one by one, and the
significant behavioral model combinations are identified and adjusted to form personas.
This study is based on Goodwin’s manual clustering method, which separates users with
extreme attribute values at both ends of significant behavioral variables into a group after
screening.

2 Method

This study develops a new approach to grouping persona, which is based on Good-
win’s manual clustering method. This approach separates users with extreme attribute
values by extremum significant behavioral variables. Meanwhile, common dimensional
attributes should also be properly recruited according to the goal of the study (Fig. 1).
The behavioral characteristics and needs of extreme users are often amplified and exag-
gerated from common users, and the descriptions of their ideas and behaviors will be
clearer and more explicit than those of common users. Therefore, the research results on
the demanding needs of extreme users can generally meet the needs of common users.
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Meanwhile, it should be noted that all the personas cannot be separated from the data
from interviews, we need to go back to the interviewee to see if there is a matching real
persona archetype, and to ensure the personas are real and typical.

Fig. 1. Research flow chart

This studywill present the whole process of grouping users into personas and dimen-
sional segmentation filtering, explain specifically the proposed grouping method of
extracting users with significant behavioral extremes into separate groups. The persona
identified by this method could be flexibly fit the requirements and the true state of the
project, and filtered by the distinct level.

3 Case Studies

3.1 Project Background

According to McKinsey’s China Consumer Survey 2020, the number of middle-class
shows a clear upward trend, is already exceeding 300 million and continuing to rise, and
is expected to exceed 500 million by 2025. “National Health Insight Report” published
by “Dingxiang Doctor” mentions that health consumption is increasing with the growth
of health awareness. People believe that health is crucial in all their life, and the scale and
number of people consuming health products online have been rising in recent years.

With the influence of pandemic from the new crown virus, the new health era has
come, there is an apparent change in the middle class regarding their living status, con-
sumption, and health concepts. The concepts of exercise and a healthy diet are receiving
widespread attention. Their high consumption level and unique consumption style influ-
ence their attitude on healthy. The growth of the number, the urgent demand of middle-
class people for health, and the change and improvement of their health concepts will
inject new vitality and vigor into the development of the health industry.

As the backbone of Chinese society in theworkplace and family, middle-class people
are no longer just suffering from physical health problems caused by overtime work,
insomnia, overwork, aging, and illnesses accumulated when they were young. There
is also a sense of crisis and psychological anxiety brought about by work and family.
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Accurately grasping this group can bring new opportunities for the health industry and
usher in new market opportunities. User profiling is a labeled model abstracted from
behavioral information, which can analyze potential users of products and market to
specific groups for commercial purposes. Therefore, to grasp the new trend of the middle
class in health consumption, building personals can help us clarify what their health
concerns are, what their needs are, and what kind of life state they want to achieve. We
can distinguish the main groups of the middle class and find new consumption scenarios,
business models, and marketing channels.

3.2 Select Participants

The middle-class definition in this project is the annual personal income of 120,000
RMB per year or more in first-tier cities; 90,000 RMB per year or more in second-tier
cities, with a stable living environment and stable economic income. In the preliminary
desktop research, after the frequency analysis and clustering of crucial information
in relevant information and industry reports. The project gets conclusion on: firstly, in
terms of health consumption, 50% of the relevant information mentioned that the middle
class is willing to pay for exercise, whether it is buying avant-garde fitness equipment
or immersing themselves in the gym. Secondly, the middle class regards the label of
homemade and natural foods as an important standard of healthy food (Devia et al.
2021), this indicates that the middle class is health-conscious and keen on their food
choices. In addition, the middle class spends more attention on household health care
and think a lot of features, formula, and branding. Finally, the health consciousness
of the middle class is upgraded from problem-solving to prevention and management,
physical to mental health, and mental health is gradually becoming a hot issue for the
middle class. Thus, it can be shown that the four aspects: Sport, Diet, Health care, and
Psychology are instructive for this study. Therefore, we set the selection criteria for
the subjects from these four aspects (Table 1), and the subjects were shown with the
corresponding characteristics. The percentage of these four criteria in the final recruited
subjects are: 40% has significant behavior on diet, 30% has significant behavior on doing
exercise, 16% has significant behavior on health care, and 14% has clear tendency to
keep psychological health. These included subjects with extreme performance in one
aspect, which could cover the relevant characteristics of the general subjects to a certain
extent, and the behavioral characteristics were more significant.

Table 1. Participant selection criteria

Aspect Meet the conditions

Diet Regular meals a day with less sugar, salt, oil

Drink no more than once a week

Junk food no more than twice a week

Sport Go to the gym or take a dance, yoga, or personal trainer class

Jogging 5 km or swimming 2 km at least 3 times a week for more than
6 months

(continued)
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Table 1. (continued)

Aspect Meet the conditions

Psychology Pay attention to mental health (paid classes, official accounts, etc.) more than 3
times a week

Adhere to psychological therapy (meditation, mindfulness, group therapy, etc.)
for at least one month

Health care Take health care products every day or use a home therapy machine every
week for more than six months

Health therapy (massage, foot therapy, cupping, acupuncture, massage, etc.)
more than once a month, and adhere to more than half a year

3.3 Research Procedure

After selecting the subjects, we conducted one-on-one in-depth interviews with subjects
who met the specific health behaviors and clustered the information from the interview
results. A total of 12 dimensions were acquired, namely age, family status, income,
the primary source of information, disposable time, perception, urgency, motivation,
behavior, diet, exercise, andhealth care. The process of producinguser portraits is divided
into twomain stages. In the first stage, filter 12 dimensions, the advantageous dimensions
should fully reflect the user’s characteristics and the determine user’s behavior. The
filtered dimensions should be able to distinguish the crowd. The user’s characteristics and
the determination of user’s behavior should be the standard of screening the dimension,
after a large amount of discussion and iteration, we get the final critical dimensions:
available time, the urgency of health,motivation of health, behavior of health and primary
source of information (Fig. 2). In the second stage, scale the critical dimensions, the

Fig. 2. Research flow chart
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behavioral dimension characteristics are summarized to describe the person. The details
of the interview text aremined to improve the characteristics of the profile and behavioral
motivation (Fig. 2).With this rich information, the final personas and subsequent insights
could be established.

Phase 1: Produce Dimensions
This phase aims to understand the subjects adequately and cluster as many dimensions as
possible. In addition to the clustering, a behavioral dimension analysis of extreme users
was used to find dimensions, that is to extract dimensions for the key characteristics
of a user with significant behaviors. For example, one extreme subject was a full-time
housewife, her husband’s income can cover all the expenses of the whole family. She’d
like to choose high-quality food and products. She learns a lot on health for the health
of her husband and children by herself. Therefore, she is characterized by having a lot
of disposable income and disposable time, having a scientific and comprehensive health
concept and knowledge, and taking health activities regularly. Therefore, four dimen-
sions of disposable income, disposable time, health perceptions, and health behaviors
were extracted based on the characteristics of this extreme subject. In addition to this,
other eight dimensions were also proposed in this way. Thus, the final output was 12
dimensions.

In dimension screening, the selection of dimensions is based on the principles that
can provide guidance for the design and distinguish the user portrait (Fig. 3). Five
dimensions emerged from the interview data.

Fig. 3. Dimensional filtering

First, the source of information is the channel through which the user obtains infor-
mation. The information source can clarify the scenarios and facilitate the identification
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of the touchpoints between the user and the product. It is possible to precisely deliver
features and products to specific groups efficiently. Therefore, information sources are
highly instructive and generally distinguishable to the portrait.

Second, motivation of health can help designers understand the psychology of users
and find the internal need for features, operations, and design. Capturing users’ psycho-
logicalmotivation can help better accomplish growth goals. Therefore, the differentiation
of user motivation to the portrait is higher compared to information sources.

Third, the urgency of health can help designers target features properly. Urgency is
how eagerly the users want to solve the pinpoint. The higher urgency of the pain points,
the more likely the user want to use the product. The urgency has a high guidingmeaning
and a high degree to distinct the persona.

Fourth, available time, affects how much patience the user has to devote to health, it
determines the user context and interaction.Therefore, the guidingmeaningof disposable
time and the differentiation of user portraits are both higher.

Fifth, the behavior of health, the behavior can restore the natural process when
using a product. Therefore, the guiding meaning of behavioral performance and the
differentiation of persona are both crucial. (Fig. 4).

Fig. 4. Key dimensions influencing user behavior

These five key dimensions will portray the features of persona and will be the dis-
tinction for each persona. After we found the key dimensions, we still need to refine the
scale on each dimension, to have the persona be stereo and vivid.

Phase 2: Delineate the Scale of Key Dimensions
In this stage, we looked for relevant information on these five key dimensions by going
back to the interview data. The relevant information was extracted and clustered again to
refine the degrees on each dimension. For example, when talking about disposable time,
subject 1 said, “I get up around 6:10 in the morning and go to bed around 11:30 at night.
Sometimes I can take a 10-min or 20-min break at noon so that I can sleep for a while,
and sometimes I do not even take a break at noon.” Subject 2 said, “My daymay last from
6:30 a.m. to 12 p.m.” These subjects were busy from morning to night, so we clustered
them as having less time at their disposal. Subject 3 said, “Now I do not work, so it is all
rest and no rest.” In this case, we classify them as having more disposable time. Then we
define the disposable time of users in between these two states as a medium. Similarly,
we divided the other four dimensions into degrees at the same approach. Corresponding
quantitative, as well as qualitative degree descriptions, are presented in Table 2.
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Table 2. Dimensional scales

Dimensions Degree

Available
time

Little
Working seven
days and having to
work overtime
every week

Moderate
Working days
from 9 am to
5 pm, two days
off on weekends

More
Freelance, more
freedom

Urgency of
health

Little
Relatively healthy
and does not affect
daily life

Moderate
Indisposition and
maintain
consciously

More
Need to take
medical treatment

Motivation of
health

Appearance
Manage the body
and maintain skin
beauty

Mood
Keep healthy
purely for fun and
pleasure

Prevent disease
Reduce disease
and increase
resistance

All
No specific
motivation

Behavior of
health

Poor
Not investing time
and energy in
managing health

Moderate
Make healthy
behaviors, at the
same time, make
unhealthy
behaviors

Good
Make efforts on
healthy behavior,
and get proper
results

Excellent
Comprehensive
and systematic
health
management is
very effective

The primary
source of
information

People around
them
(Friends,
colleagues,
family)

Authority
(Doctor, coach)

Learning by
oneself
(Books, popular
science,
experience)

In addition, while describing the dimensional scales, each subject was clustered on
the corresponding dimension. Each category of users had the same scale on the same
dimension, then the personals were named according to the most critical dimensional
characteristics, the six personas were derived as Corporation slave sport by mind, Self-
discipline middle in a dilemma, Sports talent overdo lead to injury, Homecare keeper,
Ageless lady, and Scientific health rich woman.

4 Results

4.1 Personas and Insights

Among the six personas obtained in the second stage, the “rich woman in scientific
health” and the “Home care keeper” have remarkable similarities in terms of available
time (more), concept (scientific and comprehensive), and behavior (excellent), mean-
while, the representation of rich women are not strong, and the number of users is small
compared with homemakers, so we merged them. Therefore, we have five personas left:
Corporate slave sport by mind, Self-discipline middle in a dilemma, Sports talent overdo
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lead to injury, Homecare keeper, and Ageless lady. Table 3 shows the distinction of the
five portraits on each critical dimension.

Table 3. Degree of user profiling dimensions

Personal Available
time

Urgency of
health

Motivation of
health

Behavior of
health

The primary
source of
information

Corporation
slave sport by
the mind

Little Moderate Mood Poor People around
them

Self-discipline
middle in a
dilemma

Moderate More Prevent disease Moderate Learning by
oneself

Sports talent
overdo lead to
injury

Moderate Little Mood Good Authority

Home care
keeper

More Moderate Prevent disease Excellent Learning by
oneself

Ageless lady Moderate More Appearance Good People around
them

After building up the personas, we returned to the interview text again to dig behavior
insight sentence by sentence for each persona. Only with the insight behind the behav-
ior, we can find the common motivation to guide future functional design and product
development.

Corporate Slave Sport by the Mind
Overtime work imprisoned more of their health freedom. They cannot squeeze in time
to cook and do exercise, which is the biggest stumbling block on their health road. They
are also aware of their poor health; they try to change, but the large amount of work
limits their healthy behaviors. The office is where they spend most of the day and where
they do their health behaviors. They want to do health activities without much effort
anytime and anywhere.

Self-discipline Middle in a Dilemma
These people already understand the importance of health and have urgent needs for
health care. However, they have to engage in unhealthy behaviors for various reasons,
such as drinking or working overtime, but they often consider their work as their crucial
task, and when the socializing activities and health behaviors conflict, they usually have
to engage in the “unhealthy” behaviors. But they feel guilty and uneasy inside. They
want to counteract those unhealthy behaviors by doing exercise or care products. They
try their best to dedicate time to exercise every week as some compensatory relief and
to remind themselves to maintain a healthy lifestyle. They want to live a healthy life and
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keep the balance between life and work, but usually, they fall into self-contradiction.
They need to break this situation in the strategy to achieve a “win-win” result.

Sports Talent Overdo Lead to Injury.
Playing sports with old friends is also a chance to promote communication, playing
basketball is not only a sport but also a bridge to carry on the conversation with strangers.
However, he has long been aware that his body is no longer the same as when he was
young. Although the skills and experience are still slowly improving, there are times
when they have to admit that they are no longer the rivals of the young generation. Even
when they suffer injuries, they can still find their youthful mindset. They’d like to enjoy
the moment of victory when they figure on the playground.

Home Care Keeper.
They are good at making delicious meals for the big family, they study nutrition and
establish a set of health rules from a sensible diet. Their health concept influences the
family. They know precisely what nutrition their children need most at different ages. As
they work hard for their family’s health, they reap the benefits of their family’s health.
Families rely more on them for their health.

Ageless Lady.
“Ageless lady”: they usually pay attention to their body and skin; buying cosmetics and
maintenance products has become their hobby. They constantly study the new skincare
cosmetics that come out. The pursuit of beauty is a way for them to pursue a better
life; not only constantly draw and learn new knowledge, but also enhance themselves to
reap the joy of beauty. As they are getting older, the maintenance routine becomes more
tedious and complicated. They are afraid of the traces of age being exposed, the more
homework they do, the more they pay, the more beautiful they can come back from their
youth, and they will do their best to stay young forever.

4.2 Common Trends

Distinctive features characterize the persona of typical users. However, the typical com-
monalities of the middle class cannot be ignored. Therefore, this study proposes four
behavioral trends of the middle class based on the insights of all subjects.

Not Getting Sick Is the Bottom Line of a Healthy Life
Prevention is the essential thing that middle-aged people need to do for their health, but it
is also the worst thing most of them do. It is not that they do not want to do it, but they do
not knowwhere to start. The most crucial thing is to develop a healthy lifestyle. The lack
of health awareness among the middle-aged generation, coupled with the natural and
fake science on the Internet and the mixed health care products in the market, has set up
many obstacles for the middle-aged to live a healthy life. Therefore, some mechanisms
and tools are needed to cultivate healthy living among middle-aged people. In addition
to influence and authority, penetration is also a key point to note. This is why subtle
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influence and other people’s amenities will be the key to helping middle-aged people
stay healthy.

Exercise Is the Breakthrough of Mid-life Crisis
People facing mid-life crises are trying to find a way to break through the situation, and
sports is the weakest point in this circle that is easy to breakthrough. Nowadays, the main
force of the middle class in the post-80s, most of them are only children, no siblings
can share the responsibility of supporting their parents, and the competition for their
children’s education is becoming even more violent. To cope with their mid-life crisis,
exercise is the lowest economic cost and can enhance their sense of self-efficacy, which
is bound to get more and more attention from the middle class.

Health Communication Is a Responsibility
As the backbone of the family, the mainstay, especially the middle class who are married
and have children. They need toworry about thewhole family and pay particular attention
to the health of family members. They have a greater sense of family responsibility and
a greater sense of concern for the future. At the same time, middle-class people who
are used to taking responsibility at home also play the role of the mainstay in society,
and they are used to influencing more people with their health concepts. They have the
responsibility to support their parents and the obligation to raise their children. They are
not only suffering from stress from their families but also have a stronger sense of social
responsibility. They hope to have a good and healthy atmosphere in their circle or even
in society, and how to have them self-fulfillment is a potential opportunity point.

Mental Health Is Getting More Attention.
The key performance indicator, bills, medical reports are making their heartache, every-
thing from childcare to mortgage repayments is driving them mad. The mainstay of the
middle class should be able to carry the pressure of life and finish the negative emotions.
Life goes on and on, and they do not have too much time to stay in their sad mood. A
reasonably compliant and flexible outlet to vent to their heart’s content may help them
to release their spirits a little and cope better with tomorrow’s life.

5 Discussion and Conclusion

The advantage of dividing dimensional output personas by extreme user attributes is
that extreme users have significant behavioral characteristics in behavioral variables,
which can meet ordinary users to a certain extent. Extreme users can help researchers
develop significant behavioral dimensions efficiently. In addition, extreme users show
more critical personal details, which can visualize and concretize personal, and make
critical differences and attributes more apparent, which can play a more significant role
in product design and decision making.

Extreme users are relatively niche and atypical compared to general users. Because
it is emphasized on powerful features, it is slightly less comprehensive in terms of
common features. Therefore, it does not apply to the customized services produced with
a comprehensive combination of tags through extensive data analysis. The necessity of
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the existence of output portraits is also subject to trade-offs and variations according to
specific project goals.

The project outputs five types of middle-class user personas, focusing on their state
and behavior in health, and the health needs summarized based on the insight portraits
provide new ideas for the health industry.
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Abstract. Effective public participation of urban open space can optimize the
functional services of public spaces, enhance social interaction and the spirit of
public cooperation. However, it mainly exists the problem of insufficient depth of
participation, low willingness to participate and lack of participation mechanism,
which often leads to the high-cost and low-efficiency during public participa-
tion. The Scenario Workshop as a participatory design approach, it is driven by
shared visions, which have a positive impact on opening up equal communica-
tion and enhancingmutual understanding, fostering the public spirit and promoting
potential opportunities for cooperation. Through the empirical research of Yangpu
Waterfront Scenario Workshop, it is found that the capability of participation can
be cultivated, the degree of participation can be deepened, the participation mech-
anism can be supplemented and the participation experience can be optimized.
However, Scenario Workshop is restricted to the number of participants and tight
time control so that it is hardly to involve every citizen. At last, strengthening infor-
mation disclosure and providing policy support can make up for the shortcomings
of the workshop to a certain extent.

Keywords: Scenario Workshop · Participatory design · Urban open space

1 Introduction

In recent years, the government of China has put forward the concept of “people’s
cities”, which aims to enhance the quality of urban space, create human-centerd city and
promote social cohesion by attracting a wide range of citizens to participate in the design
of urban open space. Effective public participation of urban open space can optimize
the functional services of public spaces, enhance social interaction and the spirit of
public cooperation. At present, the mainstream public participation in Shanghai is to
collect opinions and suggestions from the masses through online website submission
and offline questionnaire and interview, etc. To a certain extent, these initiatives have
expanded the scope of participation and the approach of participation, but there are still
some problems of tokenism participation. In order to improve the effectiveness of public
participation, this paper first analyzes the main problems in the public participation
of urban open space, and then introduces the Scenario Workshop and takes Yangpu
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Waterfront Scenario Workshop as an example to carry out empirical research. Lastly, it
discusses the advantages and disadvantages of the ScenarioWorkshop, and then propose
suggestions to solve with current shortcomings.

2 Major Issues of Public Participation in Urban Open Spaces

Effective public participation means that citizens, in the process of participation, can
propose effective problems or solutions based on the current situation. This means that
the degree of participation should be deep and should not be superficial; the willingness
to participate should be positive, and the participants should actively communicate and
fully express their ideas and suggestions; the participation mechanism should be sound
to ensure the orderly progress of participation. However, the public participation in
the open space of the Shanghai city mainly exists the problem of insufficient depth of
participation, low willingness to participate and lack of participation mechanism, it is
difficult to express advantages of effective public participation, resulting in problem of
high-cost and low-efficiency.

Firstly, the depth of public participation is relatively tokenism [1]. At this stage,
the main ways of public participation in urban open space are publicity, symposiums,
large-scale online questionnaires and face-to-face interviews. Although the scope of par-
ticipation has been expanded to a certain extent, the depth of participation is limited.
For example, Publicity is often based on the display of professional drawings, due to
the lack of designers present to interpret, it is difficult for ordinary citizens without pro-
fessional education to understand its connotation and professional terms. Symposiums
are often presided over by experts and leaders, and one-way education is the mainstay,
and the expression of citizens as listeners is limited. While the online questionnaire is
convenient and conducive to dissemination and can collect large sample data, the public
lacks a real understanding of the project overview information, cannot make effective
recommendations, and finds it difficult to obtain immediate feedback. Although offline
research interviews have established face-to-face communication, the number of single
interviewees and stakeholders involved in the exchange are limited, and it is impossible
to establish sufficient social dialogue.

Secondly, the enthusiasm for public participation is generally low. There are three
main reasons, one is the lack of civic awareness, most citizens usually think that public
space is the government’s business, other people’s business, and hold a negative and
wait-and-see attitude towards public participation [2]. Second, some people believe that
they do not have professional ability and cannot make effective suggestions. Third, some
people think that the participation process is boring and unattractive.

Thirdly, participation mechanisms is not guaranteed. In contrast to residential space
governance, residents are usually facedwithmore figurative problems in their daily lives,
such as walking dogs without ropes, noise and smoke disturbing, informal constructions
and so on. Such problems often have clear stakeholders, residents have a more consistent
information background on the origin of the current situation. Through the establish-
ment of appropriate guidance and orderly participation mechanism, many issues can
be resolved in consultations within the residents. The participation mechanism is more
complicated in the urban open space. First of all, different citizens have different profes-
sional and cultural backgrounds, and this difference is likely to make it difficult for both
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sides to establish a deep dialogue and smooth communication, resulting in high commu-
nication costs. Secondly, due to the lack of understanding of the actual project overview
of urban open space, everyone asks questions from their own perspective, which makes
it more difficult to collect and analyze information data. Moreover, since the participants
do not directly contribute to the transformation of the public space, the citizens are in the
role of rational people, of course, thinking that the higher the standard, the better, so that
most ideas are unrealistic or too personal preferences, ignoring the trade-off between
cost awareness and overall interests. Last but not least, there are few unique solutions in
urban open space iterations. That is to say, whether the renewal of a field is a basketball
court, a children’s playground, a landscape garden or a temporary venue, it may have
its own supporters, and there is almost no most correct and perfect solution. Therefore,
when the design proposal is highly replaceable and triggers competition, the lack of
appropriate communication and coordination mechanisms is easy to cause conflicts and
it is difficult to ensure orderly participation [3].

In view of the plight of public participation in urban open space, in order to realize
the promising goal of “people’s city”, it is urgent to supplement and introduce new ways
of participation to improve the effectiveness of public participation.

3 Empirical Analysis Based on Yangpu Waterfront Scenario
Workshop

Scenarios involve narrative descriptions of potential future problems that emphasize
relationships between events and decision points. In addition, scenarios direct attention
to causes, areas for development and the span of exigencies that may be met in a local
community issue [4]. The workshop is the approach aspect of this method in which
participants from a local community engage in discussion, produce some sort of action
through deliberative discussion and act as decision-makers or create a communal plan
of action.

The scenario workshop, a participatory design approach originally proposed by the
Danish Science and Technology Commission, is a future-oriented, multi-participation
and democratic consultation platform for communication. ScenarioWorkshops involve a
group of citizens interacting with other participants to exchange knowledge, experience,
develop common visions, debate, provide criticism and produce a plan of community
action for potential future developments [5]. The aims of Scenario Workshop include
raising awareness of future problems in a community, helping to develop a common
definition of a desirable factor; facilitating discussions between different social groups
within a society, cultivating steps and solutions for foreseen problems, and stimulating
teamwork in coming up with a solutions or recommendations with the ideal result being
consensus [6].

Scenario Workshop has the advantages of exploratory, open and inclusive, which is
conducive to opening up equal communication and enhancing mutual understanding,
fostering the public spirit and promoting potential opportunities for cooperation [7]. It
was widely used in areas such as public policy [8], environmental governance [9], and
urban and rural planning. Taking Yangpu Waterfront in Shanghai as an example, this
paper explores the extent to which the ScenarioWorkshop can promote the effectiveness
of public participation in urban open space.
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3.1 Preparation

Discussion topics. In order to listen to the opinions and visions of different interest
groups, there is no limit to the topic in advance. However, in order to avoid the discussion
in the process of being aimless or getting into detail, the designer will gradually focus
on a topic in the discussion from the open discussion under the guidance of the designer.

The recruitment of the participants. The consideration is taken as follows. The num-
ber of participants cannot be too large so that each participant is able to speak, and the
mutual in-depth communication can be carried out. The participants are limited to 28
people being divided into four groups with seven people in each group. As the openness,
inclusiveness and democracy of workshop is emphasized, and the discussion among
heterogeneous groups is expected, the selection of participants are conducted mainly by
two ways, namely “open recruitment from the Web” and “specific participants’ invita-
tion”. The latter is to satisfy the diversity of participating groups. Seven people in each
group contains representatives from three parties. One is from the residents. It is the
main participating group, which consists of the people living or working nearby, citi-
zens who frequently take the waterfront walk, families with children, university students
and the elderly. Another community is the employees of the governments, who are from
institutions like Yangpu District Planning and Resources Bureau, Market Superscenario
Authority, Urban Management Integrated Law Enforcement Bureau etc. The third is the
business representatives, who are the staff of the Yangpu Waterfront Development Co.,
Ltd. and the nearby merchants etc. Two designers are arranged in the group to organize
and guide the discussions.

The toolkit design. To stimulate discussion and orderly workout, a toolkit for assist-
ing thinking was designed (see Table 1). The toolkit consists of three sections, including
"Personal Vision”, “Shared Vision”, and “Action Framework", each with several tool
cards (see Fig. 1). The “personal vision” is from the individual perspective, encouraging
participants to put forward more specific pain points; “shared vision” is a group per-
spective, through full dialogue and consultation, to establish a long-term shared vision;
“Framework for Action” is based on panel discussion to explore diversified approaches
to achieve the shared vision.

Table. 1. The Scenario Workshop toolkit.

Tpye Toolkit Description

Personal Vision Emotion journey Identify emotional reflections at
important touchpoints in the user
journey

Persona Identify problems with specific
perspectives by given persona

Public space evaluation index Evaluate the current state of the
public space experience

Waterfront map Recall the impressive moments

(continued)
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Table. 1. (continued)

Tpye Toolkit Description

Shared
Vision

City’s vision cases New York2050, London 2050, Seoul
2030

High quality public space
characteristics

Design features of high-quality
public spaces

Propose an open-ended
question

“Where are the most impressive
public spaces you’ve been to?”

Propose an open-ended
question

“If Yangpu Binjiang becomes…, I
will prefer/often come/recommend
to friends!”

Action Framework Time clues Visualize the fusion of different
activities through the time
dimension
“day/week/month/quarter”

Hybrid functions Multiple types of activities and
spaces to choose from

Smart growth Explore unused, loose spaces that
can be used

Stakeholders’ map Identify key people and co-create a
win-win actor program

Fig. 1. The Scenario Workshop toolkit cards.
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3.2 Implementation

The scenario workshop was held in September 2020 at Yangpu Waterfront Service
Station for 6 h. Theworkshop process is divided into plenarymeetings, pannel discussion
and Freewheeling discussion (see Fig. 2). The discussion theme is divided into three
stages, “Discover problem”, “Build shared scenario” and “Action framework”.

Fig. 2. Scenario Workshop process design.

In the plenary session, the organizers introduced the process, timing and use of
the toolkit of the workshop, and the enterprise representatives from Yangpu Binjiang
Investment and Development Co., Ltd. shared the planning and design, development
overview and overall positioning of YangpuBinjiang, which allowed participants to have
a more macro and comprehensive understanding of the current situation of Binjiang and
establish a consistent information background. In the pannel discussion, the designer’s
main task is to guide the discussion according to the task card of the toolkit, not only for
each participant to speak, but also to control the individual speaking time to ensure that
they all have the opportunity to express their personal ideas; the second is to promote
effective and agreeable discussions, from divergent ideas to focus on the specific topic.
In the freewheeling discussion, group representatives shared the process and results of
the discussions within the group, on the basis of which a shared vision was established
and a framework for action to achieve this goal vision was explored.
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3.3 Presentation of Results

In Personal Vision phase, it can be summarized into six sub-topics: transportation facil-
ities, sanitation facilities, visual facilities, commercial facilities, event organization and
management mechanisms. Specifically, as many as 90% of people have raised the lack of
transportation facilities, hoping to improve the accessibility of external transportation,
increase parking spaces, and set up parking spots for shared bicycles. This was fol-
lowed by visual tour facilities, where 70% of people advocated combining tour signage
with digital technology to better deliver information, optimize experiences and improve
services. Similarly, 70% of people believe that commercial hybrid functions should
be enriched to meet diversified and personalized consumer needs. In addition, 60% of
women have proposed that in terms of sanitation facilities, there should be more mother
and baby rooms to facilitate the solution of physical problems for pregnant women and
families with babies. A small number of 30% of people expect that in the organiza-
tion of events, there will be more temporary activities in the future, such as markets,
light shows, exhibitions, etc. Finally, basically everyone has about 90% of the initiative,
and the management mechanism should be flexible, allowing for various spontaneous
activities, such as dancing, kite flying, vendors, barbecues, skateboarding, etc.

In Shared Vision phase, four groups of delegates take turns speaking to share the
scenario of goals reached within the group. Through collective open discussion, a shared
vision of “People-centered, integrating historical humanities, eco-friendliness and digital
technology” was finally formed (see Table 2).

Table 2. Shared vision based on panel discussion

Panel discussion Shared vision

A Get rid of over-commercialization and mesh
symbols and build an eco-friendly, dynamic,
water-friendly environment

People-centered, integrating historical
humanities, eco-friendliness and digital
technology

B Look forward to more interesting, more
dynamic, more accessible, more readable

C To create a fusion of entertainment, leisure,
business, residential, office and other
diversified composite functions

D Inclusive coverage of all ages of civic
activities, and truly reflect the “people’s city”
of the public platform

In Action Framework phase, participants proposed a number of creative solutions.
After voting screening, the widely welcomed and recognized programs are the digital
twin waterfront platform, the light show combining historical buildings with new media
art, the Pet Games Facility, the Story Crowdsourcing Museum and so on. Specifically,
the workshop make the further discussion about digital twin technology, and think it
combines many advantages. The first is to enhance the public’s tour experience, and the
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platform is conducive to citizens’ rapid and convenient access to information services by
marking comprehensive information such as scenic spots, activities, exhibitions, shops,
markers, and cycling routes. The second is to empower ordinary people to optimize pro-
gram design. Through data collection and preference analysis such as human behavior
trajectory, object usage frequency, and mobile phone remote sensing signals, the plat-
form provides data support for designers and assists in design proposals. The third is
to improve the refined governance ability of managers. Through sensors, cameras, the
Internet of Things and information and communication technology, real-time monitor-
ing and feedback of the real-time dynamics of Yangpu Waterfront, timely judgment of
emergency situations, and improvement of responsiveness and refined governance. The
fourth is to stimulate the vitality of public innovation. Grassroots makers can launch
campaigns and “wishlists” on the platform to attract individuals with common interests
to form a community and drive crowdfunding.

4 Conclusion

The future of the city depends on the vision of every citizen. Many international cities
such as New York, Boston, London, etc. are devoted to develop citizens’ vision and
integrate it into the future development of the city. Scenario Workshop as a relatively
simple, easy-to-operate and low-cost participatory negotiation method, in dealing with
the future of uncertain issues, it provides a newway of thinking. The ScenarioWorkshop
is problem-based, but not limited to problems and looks to the future. It identifies real
problems and unmet potential needs, and at the same time, it fosters social dialogue and
enhances the potential formutual cooperation by bringing togethermultiple stakeholders
to think, imagine and explore actions, forming a shared vision and framework for action
for the future development of a region [10].

The innovation of this paper is to apply the Scenario Workshop to solve the problem
of public participation failure in urban open space. In terms of the quality of questions,
the atmosphere of the discussion, the output of the results, and the satisfaction of the
participants, the Scenario Workshop, to a large extent, promotes an effective public par-
ticipation in the following areas. First, the participation ability is first improved. The
design kit provides non-professional individuals with traceable ideas to follow, provid-
ing a frame of reference for divergent ideas and stimulating imagination. At the same
time, the idea is embedded in the design process from the proposal to how to implement
it. In this way, a practical solution is no longer a self-interested or unrealistic proposal.
Second, it increases the depth of participation. Through intensive dialogue among differ-
ent stakeholders, the problem is gradually deepened, and empathy is established between
groups, which is no longer a superficial superficial participation. As one participant put
it, “In the past, public participation was to ask questions in a hurry, but this workshop
is really sitting down, listening to each other, understanding each other and building a
dialogue”. Again, the participatory mechanism has been supplemented. In the process of
participation, only participants who actively express suggestions and have the courage to
take responsibility and obligation will win the final program. This will help to establish
a participatory mechanism in which participants should have the right to propose and
obtain benefits while also fulfilling their corresponding responsibilities and obligations.
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Finally, the engagement experience was optimized. The Scenario Workshop was con-
ducted in a fun, cheerful and entertaining manner, and was well received and actively
engaged by the participants, many of whom expressed their willingness to participate
continuously and gladly to be an volunteer for the next workshop.

Although the Scenario Workshop has many benefits, it still has some shortcomings
due to its own characteristics. First, the number of participants is limited. In order to
ensure the diversity of participants and the quality and effectiveness of the workshop,
the size and capacity of the participants are limited, usually around 30 people, so that
many citizens fail to participate. This requires that the diversity of social structures
be guaranteed in the selection of participants and that long-term participation plans be
developed. Second, easily to lose time-control. If theworkshop lasts too long, participants
will feel tired, but the time is too short to communicate in depth. At the same time, it often
happens that a small detail is stuck in a small matter, or the theme is off course, making
it difficult to form an effective discussion in a limited time. This requires designers to
have a strong sense of rhythm, affinity and professionalism, and steadily promote the
orderly development of the workshop. Nonetheless, Scenario workshop is a great way
to cultivate citizen’s capability, foster social dialogue, and facilitate civic engagement.

5 Discussion

5.1 Strengthen the Disclosure of Information

A full understanding of the current situation is the basis for public participation in raising
effective questions, but these channels of information are often difficult for the general
population to obtain.

For example, in the description of the current pain points of Yangpu Riverside, a con-
siderable proportion believes that the accessibility of external traffic is not good, there
are problems such as low recognition, easy to get lost, and inconvenient transportation,
which seriously affect the tour experience. When the problem was stated, it was imme-
diately explained and feedback from the project leader, “because the construction site
and road near the riverside side are under construction, it has to be closed for safety rea-
sons, resulting in the inability to improve riverside accessibility now. “However, in the
future, a number of branch roads will be added in the planning map, and there will also
be shuttle bus services, which will greatly improve the accessibility of the riverside.”
After several back-and-forth questions and answers, the negative emotions caused by
information asymmetry were gradually resolved, and how to improve public services on
the existing basis was discussed.

Therefore, the government should strengthen information disclosure, so that citizens
can understand and grasp the relevant current situation in a timely, accurate and con-
venient manner, and reduce unnecessary loss of citizens’ goodwill due to information
asymmetry. Information disclosure is not only an important basis for the public to put
forward effective opinions, but also an effective way to enhance the credibility of the
government and promote political and social cooperation. Parallel to information disclo-
sure, it is to improve the responsiveness to feedback, and the adoption of public opinions
and the lack of rigid constraints on feedback are the key to affecting the continuity of
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public participation. The public wants their voices to be seen and valued, whether it is
“fantasy” or “personal preference”, and expects a certain degree of respect and response.

5.2 Policy Support

According to the proposals of current participants, many of them break the existing
management rules, but breakthrough innovations are often discontinuous. Refined gover-
nance should not be “one size fits all”, but should allow“mistakes” and explore innovative
paths. In recent years, a new urban development model inWestern countries, “temporary
urbanism” refers to the temporary suspension of laws and regulations related to urban
planning, and the community operation composed of a group of stakeholders within a
certain space, through joint consultation, affects the development of the space in the
future for a period of time []. The government is responsible for providing the necessary
knowledge, skills, funding, talent, policies and other resources to support the commu-
nity. This model has gradually been adopted by cities such as London in the United
Kingdom, Berlin in Germany, and Amsterdam in the Netherlands, and has gradually
become a new paradigm for flexible trial and error and iterative experimentation in the
process of urban development. Yangpu Waterfront can also learn from it, the govern-
ment provides relevant policy support for building a community platform, and drive the
continuous innovation vitality of public open space.
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Abstract. Perceptual image is an important theory often used in product design.
However, under normal circumstances, product design does not rely on a sin-
gle theory and method, but is the result of a combination of multiple considera-
tions. This paper aims to integrate brand identity theory into the perceptual image
design method and construct a comprehensive design process, in order to take
into account the needs of function, perceptual and product identification. Taking a
Chinese brand’s smart home gateway product as an example, the cultural elements
were obtained through enterprise-oriented desktop research and interview meth-
ods. Then, by establishing a sample library of similar products and performing
hierarchical statistics, the mainstream design elements of gateway products were
obtained as an auxiliary reference. Finally, the gateway products were perceptu-
ally measured and then quantitatively analyzed through the Semantic Difference
Scale to establish themapping relationship between image vocabulary and product
appearance elements. The cultural elements, mainstream elements and perceptual
image elements were summarized from the three dimensions of shape, color and
material, and were used in the design practice of smart home gateway products.
After inspection, it is determined that the design results meet the design objectives.
This study provides a practical, comprehensive and systematic design process for
product design based on perceptual image and brand identity.

Keywords: Perceptual image · Brand identity · Product design · Smart gateway

1 Introduction

1.1 Background and Motivation

Perceptual image has been widely used in product design as an important medium to
understand users’ emotional cognition of products. However, the practical application
of perceptual images usually cannot meet the overall planning needs of an enterprise or
brand, whichmeans that a brand is easy to succeed in a single product, but it is difficult to
leave a clear brand image to consumers. Therefore, brand identity characteristics are the
elements that designers should fully consider when designing products for enterprises
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[1]. This paper is committed to integrating the theory and method of brand identity into
the process of perceptual image design, so that the designed series of products have
similar brand intentions under the same brand, and enhance the correlation between
product image and brand.

1.2 Literature Review

Perceptual Image. Products are the carrier that connects brands and users, so excel-
lent design can effectively enhance product and brand recognition, as well as corporate
image. Perceptual image is an important theory often used in product design, which
integrates users’ subjective feelings into product design. The research on product per-
ceptual image is mainly based on the theory of Kansei Engineering, which has long
been proposed in Asia, especially in Japan [2]. In 1970, the Research Department of
Hiroshima University in Japan introduced sentiment analysis in the field of engineering.
Subsequently, Professor Mitsuo Nagamachi of Hiroshima University [3] and Professor
Harada Akira of Tsukuba University established a corresponding relationship between
emotional needs and engineering projects. In Japan and South Korea, the “societies of
Kansei engineering” has been established [4]. Perceptual image is the description, pro-
cessing and association of people’s visual perception of the space and size of things,
reflecting people’s psychological feelings and psychological changes. It is an important
medium for understanding users’ emotional cognition of products [5]. Perceptual image
vocabulary is a word used by users to describe a product perceptually, and a subjec-
tive expression perceived by users through the appearance, characteristics, material, and
structure of the product [6]. The formation process of the perceptual image is that the
user’s personal knowledge and experience are comprehensively processed by the brain
to form the image description of the relevant product, such as the use of perceptual
adjectives such as “technical” and “warm”. There are five key aspects in the research of
product perceptual image design [7]:

Extensive collection of product samples to determine representative samples;

1. Analyze product design elements;
2. Obtain the user’s perceptual needs and locate the product design direction;
3. Establish the mapping relationship between user perceptual image and product

design elements;
4. Product perceptual image based on intelligent algorithm.

At present, the design process related to perceptual image is mainly divided into
three stages [8], which are acquisition of perceptual image, model establishment and
design optimization, as shown in Fig. 1.
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Fig. 1. The current perceptual image design process

Brand Identity. Brand Identity, or BI for short, is a relatively new concept compared to
CI (Corporate Identity). On the concept of BI, different scholars have different expres-
sions. Gardner et al. [9] pointed out that a brand image is a complex symbol that builds
a series of associations over time to convey ideas, attributes, image, character and per-
sonality to consumers. David Aaker, an internationally renowned brand research expert,
believes that brand identity is the association that brand strategists hope to create and
maintain that can arouse people’s good impression of the brand [10]. This definition
emphasizes that brand recognition is an act of the owner of the brand, which plays the
role of establishing a differentiating advantage through communication.

Under normal circumstances, the following two aspects can reflect the brand recog-
nition of a product: first, the personality of the product. The distinctive personality helps
to capture the consumer’s consumption awareness, so that consumers can be deeply
impressed by it in the shortest time. The second is continuity, which means that the
re-creation of the original product is based on the brand image, so as to maintain the
consistency of the appearance image of the product and the brand characteristics [11].
Brand identity is mainly composed of two parts. One is the identification through the five
senses, such as graphics, colors, text, music, etc., which is a relatively simple and direct
identification method. Another is cultural-based identification, such as corporate values.
Brand characteristics can guide product design to achieve unity with brand tonality. At
the same time, product design based on brand characteristics can strengthen brand image
and positioning, as shown in Fig. 2.
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Fig. 2. The relationship between brand identity and product design

Based on the theories and methods of perceptual image and brand recognition, this
paper proposes a comprehensive product design process in order to meet the needs of
perceptual image and brand identity.

2 Method

2.1 Product Design Process Framework Based on Perceptual Imagery and Brand
Identity

The design process framework proposed in this paper based on perceived image and
brand identity is shown in Fig. 3. The research process is divided into two parts: the
internal and external parts of the enterprise, covering the brand concept and charac-
teristics, existing products, brand visual image, similar products in the market and the
research of target consumers, so as to take into account the perceptual needs of users
and the brand recognition needs of enterprises.

Fig. 3. Product design process based on perceptual image and brand identity
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The research results are summarized into brand cultural elements, mainstream
elements and perceptual image elements, which serve as the guidance for product design.

2.2 Brand Culture Elements

The first part of the research was aimed at the inside of the enterprise to explore the
characteristics of brand culture, covering brand concept, existing products, and visual
image. The source of the research were mainly the official website of the enterprise
and interviews with enterprise managers. We worked with business managers to extract
some keywords from the brand concept. Some of them were perceptual words, such
as “technical”, which would be used in the research of perceptual image. Some were
figurative things, such as “fire”, extracted from the culture of the brand in this case:
“A single spark can start a prairie fire”. Brand vision sets the tone of the brand and
can provide color and abstract morphological features for product design, as shown in
Fig. 4. In addition, if existing products had formed family characteristics, they could
provide a basis for the design of subsequent products. Since the previous products of
this enterprise did not form family characteristics in the design, this case did not include
research on existing products.

Fig. 4. Key design elements in brand vision

2.3 Mainstream Elements

In this part, firstly, we selected three gateway products including smart gateways, routers,
and router-set-top box integrated devices as research objects. From offline stores, shop-
ping websites and design websites, a total of 87 products were obtained as observation
samples. After preliminary screening, some products with high appearance similarity
were removed, and a total of 60 of themwere retained to build a sample library (as shown
in Fig. 5). Then the core elements of each product’s design are split, including Shape,
color, and material. Finally, all product design elements are coded and stratified. The
corresponding quantity of each type of appearance element can reflect the mainstream
trend of similar products and has reference value for subsequent design.
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Fig. 5. A sample library containing 60 gateway products

2.4 Perceptual Image Elements

The third part of the research was the acquisition, measurement and mapping of per-
ceptual image. The first was the acquisition of perceptual vocabulary, which came from
three channels. One is enterprise managers, which is also the reflection of the brand’s
design needs at the perceptual level. The second is target users, which is also the core
source of perceptual image collection. The third is External information, including the
descriptive text of the company’s website products, brand websites of similar products,
books, literature, design websites, etc. Then, the perceptual words in the vocabulary
database were classified and screened, and four target image words are finally deter-
mined, namely “technical”, “elegant”, “minimalist” and “professional”. This result was
negotiated by experts, enterprise managers, and target users.

Then, a perceptual evaluation experiment was performed. Based on the four percep-
tual words and the sample library mentioned above, 10 representative product samples
with large differences (as shown in Fig. 6) were selected from the three dimensions of
shape, color and material as the final experimental objects. This result were also negoti-
ated by experts, enterprise managers, and target users. A seven-level semantic difference
scale (as shown in Table 1) based on these 10 samples was used in the questionnaire,
and the respondents were asked to rate each product sample based on their subjective
feelings, ranging from −3 to 3, the higher the score, the higher the closer to the design
goal. During the questionnaire survey, the gender and age distribution of the respondents
were controlled to be roughly balanced.
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Fig. 6. Ten product samples for experimentation

Table 1. The semantic difference scale with sample 5 as an example

Complex -3 -2 -1 0 1 2 3 Minimalist

Conservative -3 -2 -1 0 1 2 3 Technical

Vulgar -3 -2 -1 0 1 2 3 Elegant

Dangerous -3 -2 -1 0 1 2 3 Reliable

The final step was the establishment of the mapping relationship. Based on the above
perceptual measurement questionnaire, the user’s scores for each product image were
averaged. If the result is greater than 0, it indicates that the appearance and feeling of the
product are more in line with the image. Then, the shape, color, and material elements of
these products were divided, as shown in Table 2, to establish the mapping relationship
between each appearance element and the image.

Table 2. Product design elements including extraction of shapes, colors and materials

Shape Color s Material s

Tough regular shape Black Frosted plastic
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3 Result

3.1 Brand Culture Elements

In the first part, the design elements extracted from the brand cultural characteristics can
be divided into three categories, namely concrete things, abstract forms and colors. But
failed to get element of material type. As shown in Fig. 3 (Table 3).

Table 3. Design elements provided by the brand

Shape figurative Shape abstract Colors

“Fire”

3.2 Mainstream Elements

The mainstream element is an important result of research outside the enterprise. We
summarize and code all kinds of the shapes, colors, andmaterials contained in the sample
library as the basis for product classification. Then use the stratified method to count the
usage of the shape, color and material elements of the existing products in the market (as
shown in Table 4). The greater the corresponding quantity of each type of appearance
element, the more representative the current gateway product popularity. Popularity is a
double-edged sword, and these elements are repeatedly validated as “can’t go wrong”,
but usually also mean mediocre and hard to stand out. Mainstream elements need to be
considered together with other factors.

Table 4. Similar product design element statistics

Coding Category Quantity

A01 Shape Tough regular shape 29

A02 Tounded regular shape 26

A03 Organic shape 5

B01 Color Black/dark grey 11

B02 White 23

B03 Silver 1

B04 Black & white 7

B05 Black & silver 7

(continued)



150 Z. Zhu et al.

Table 4. (continued)

Coding Category Quantity

B06 Black & colored 6

B07 White & silver 5

C01 Material Frosted plastic 3

C02 Glossy plastic 8

C03 Frosted metal 9

C04 Frosted plastic & frosted metal 4

C05 Glossy plastic & frosted metal 5

C06 Glossy plastic with glossy metal 2

3.3 Perceptual Image Elements

In the third part of the study of perceptual image, a total of 67 questionnaires were
recovered, of which 67 were valid questionnaires. The results of the questionnaires
were averaged and summarized into Table 5. In addition, the shape, color and material
characteristics of the ten samples are shown in Table 6. By comparing Figs. 5 and 6, the
mapping relationship between image vocabulary and shape, color, and material can be
established (as shown in Table 7). It can be concluded that the element codes satisfying
the four image adjectives are A01, B01, B05, B06, C01, C03, c04 respectively.

Table 5. The mean of the semantic difference scale questionnaire

Sample number Minimalist Technical Elegant Reliable

1 2.433 1.881 0.970 1.731

2 −0.015 0.836 0.119 0.910

3 2.851 −2.701 −2.149 −1.687

4 1.886 2.672 0.940 2.030

5 1.149 2.701 1.881 1.746

6 −0.045 −0.015 0.896 0.731

7 −0.060 0.851 0.030 0.970

8 −0.104 2.075 0.731 1.776

9 −2.657 2.254 0.925 2.269

10 −2.224 2.248 0.104 1.761
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Table 6. Shapes, colors, and materials of ten samples

Sample number Shape Color Material

1 A01 B01 C02

2 A03 B05 C03

3 A01 B02 C01

4 A01 B01 C03

5 A01 B05 C04

6 A02 B02 C01

7 A01 B01 C01

8 A02 B07 C04

9 A01 B01 C02

10 A02 B01 C01

Table 7. The mapping relationship between perceptual image and shape, color and material

Coding Minimalist Technical Elegant Reliable

Shape A01 ✓ ✓ ✓ ✓

A02 ✓ ✓

A03 ✓

Color B01 ✓ ✓ ✓ ✓

B02 ✓ ✓

B03

B04

B05 ✓ ✓ ✓ ✓

B06 ✓ ✓ ✓ ✓

B07 ✓ ✓

Material C01 ✓ ✓

C02 ✓ ✓ ✓ ✓

C03 ✓ ✓ ✓ ✓

C04 ✓ ✓ ✓ ✓

C05

C06
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3.4 Design and Verification

To sum up, through this process, brand culture and characteristic elements, main-
stream elements and perceptual image elements are finally obtained to jointly guide
the appearance design of the smart home gateway product, as shown in Fig. 7.

Fig. 7. Smart home gateway product appearance design scheme

As a verification, a seven-level semantic difference scale (as shown in Table 8) was
established based on the design scheme and distributed in the form of a questionnaire. A
total of 71 questionnaires were recovered, of which 71 were valid questionnaires. Input
the questionnaire data into SPSS software, calculate the average score of each perceptual
image vocabulary and summarize (as shown in Table 9). The scores of the four groups
of perceptual images are all greater than 0, indicating that the appearance design of
the smart home gateway product conforms to the perceptual images of “minimalist”,
“technical”, “elegant” and “professional”, and can stand out from similar products in
appearance.

Table 8. The semantic difference scale for program evaluation

Complex -3 -2 -1 0 1 2 3 Minimalist

Conservative -3 -2 -1 0 1 2 3 Technical

Vulgar -3 -2 -1 0 1 2 3 Elegant

Dangerous -3 -2 -1 0 1 2 3 Reliable
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Table 9. Design scores of smart home gateway

Perceptual image Scores

Complex/Minimalist 1.68

Conservation/Technical 0.75

Vulgar/Elegant 0.96

Dangerous/Reliable 0.75

4 Conclusion

Most of the existing researches on perceptual image and brand identity are conducted in
isolation, while product positioning, user perceptual needs and brand identity needs are
usually important factors that must be considered in practical design projects.

The main innovation of this paper is to construct a comprehensive design process
that focuses on perceptual image and integrates the theory of brand identity. This process
systematically covers the research on brand culture and characteristics, popularity and
perceptual image, so that product design is internally consistent with brand characteris-
tics, and externally different from similar products. This study objectively enriches the
image-based product design process.

The limitation of this paper is mainly reflected in the distribution of the perceptual
evaluation questionnaire. In addition to individuals, real estate developers also account
for a considerable proportion of consumers of this product. However, for real estate com-
panies, it is difficult to collect enough data to directly study their perceptual preferences.
Therefore, the research on perceptual image in this paper mainly considers the emo-
tional preferences of individual consumers and the positioning of products and brands
themselves.

Secondly, in the research of similar products, the method provided in this paper only
counts the use of each design element in competing products more or less, which does
not necessarily reflect user preferences. Enterprises should decide whether to choose
conventional or unconventional appearance elements according to product and brand
strategy.

In addition, this research focuses on the integration of the two theories and methods
of perceptual image and brand identity in the design process. Due to the fact that this case
is a real project, and the urgency of time, relatively simple approaches to both theories
were chosen and used. Based on this research framework, the specific method can be
modified and improved, which is also what we hope to do in the future.

Acknowledgments. This subject came from the entrusted design project of Wuhan SPORCH
Technology Co., Ltd. We especially thank the enterprise and relevant staff for their trust,
cooperation and necessary equipment support in the research process.
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Abstract. In this paper, we present an ongoing project that focuses on designing
interactive systems and their respective interfaces for monitoring and journaling
of apiculture information acquired in the actual field during apiary inspections by
the beekeepers. Initially, the paper provides a brief overview of the concepts and
technologies found in the domain. Next, it examines the scenarios to be used for
the design of interactions related to the actual beehive inspections and desktop use
in the office. The paper mainly focuses on the design requirements based on user
research. It provides a review of interaction techniques that can be implemented
for journaling in the workplace of the apiary, briefly outlines the infrastructure
and gives a system overview at its current state of development. Finally, the paper
discusses futurework including, guidelines towards the development of the various
system components for journaling and a preliminary evaluation plan for the case
studies that will follow.

Keywords: Journaling for beekeeping · Beehive inspection · Apiculture · IoT ·
Interaction design · Agriculture science · Bee management practices · Modern
beekeeping

1 Introduction

In recent years there has been an increasing interest in the design of technologies for
the agricultural and more specifically apiculture/beekeeping sectors. Graphical User
Interfaces (GUIs) still dominate as the main user interface platform used in outdoor
workplaces (field/farm), while non-traditional interfaces such as speech-based, gestural,
haptics, multimodal, etc. are also incorporated more frequently in terms of human work
interaction in pervasive and smart work environments [1, 2]. These interfaces create
a natural link with the users’ working environment and promote user performance in
multitasking contexts where agricultural activities take place [3]. Researchers agree that
there is a need to further investigate technology use in agriculture. Toward this goal, great
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attention is given to making it more efficient, easy to access and understand. Moving
beyond the well-established GUI interaction [4], the new direction is to focus on the
relation of the user, the technology, and the actual environment where most agricultural
activities are taking place [5].

The general objectives of the project are the design and development of technological
infrastructures and services for a) Remote hive monitoring of beekeeping data including
bee biometrics, hive development in relation to local climatic conditions, honey pro-
duction and other hive products, b) supporting beekeeping practices and management
techniques that are aiming at the development and population expansion of the bees, c)
supporting the utilisation of all products that are being produced by beekeeping. The
quantitative and qualitative data that will be produced, will be gathered, processed, and
presented in order to increase efficiency and improve the quality of the produced prod-
ucts [6]. In this paper, we focus on the design of the logging/journaling mechanisms
that will be introduced to support inspection notetaking in an apiary. The paper also
describes the methodology towards the general systems’ design and architecture.

1.1 Precision Beekeeping/Apiculture

The field of agriculture that needs to follow this path is beekeeping. Beekeeping is a
labour-intensive practice that focuses on preserving the health and productivity of bee
colonies [6]. To monitor the progress of the hive, beekeepers inspect the frames of
each hive almost daily, depending on the season and the goals that a beekeeper has. By
journaling the practices and the data that were observed during the field visit, beekeepers
can be drawn to conclusions regarding the state of the hive andbe able tomake predictions
about the future of its state. It is also a way to verify that a practice is effective and
aligned with beekeeping protocols, by monitoring its progress and results based on the
journaling activity [6–8]. Journaling during the process of the beekeeping inspection
can be distracting and difficult to follow because of the tools and processes involved.
Beekeepers have been using empirical methods and tools such as paper journals, in order
to take notes based on signs, symbols, and numbers [9], during or after the process of
the inspection (Fig. 1).

Fig. 1. Empirical methods for note-taking in an apiary: journaling on paper, stones and other
objects placed on the beehives to indicate an event of action (e.g. missing queen), markings on
the frames (e.g. newly introduced frame since last inspection)

This type of methodmakes it extremely difficult to track the plurality and complexity
of data that have been gathered during practices that took place over a beekeeping period.
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A technological system could help to organise and keep track of the activities performed
and evaluate their effectiveness. Remote monitoring, telemetry, and analysis of sensor
data of a beehive isn’t the only option to secure the colony strength and thus identify
crucial factors for the productivity and the health of the bees. Often the observed hives
might be in distant places, increasing the travelling costs and the time consumed [10].
Digital sensors installed on a beehive provide valuable data that can be stored and used
in near real-time to assist in collecting data that can be later used to study the health
and behaviour of individual honey bees and their hives [11–13]. This project supports
the idea that this type of automated monitoring does exclude a large part of beekeeping,
namely human observation, and intervention during beehive inspections. For this reason,
the IOHIVE project focuses on designing a comprehensive system that affords both
automated monitoring and logging of human empirical observation. Monitoring will be
based on IoT sensor data, including commonly used in-hive sensors such as temperature,
humidity, weight, sound etc., as well as environmental and weather data from weather
stations either in the wider region or ones closely located to the apiaries that capture the
microclimate of the area. The core idea of the project is to support beekeeper workers
to log data while inspecting or intervening on a beehive. The purpose is to provide
them with a usable interface/device that affords simple data entry interactions in the
farm/field during actual work. This information can later becomemore valuable in terms
of correlation with data sourced from sensors and other monitoring devices.

2 Related Work

There are several different systems and practices focusing on assisting beekeepers in
the apiculture domain in journaling, keeping logs or diaries of their activities related to
inspecting and intervening in a beehive.

2.1 Logging and Journaling Apiculture Practices

Hive inspection is one of the main tasks performed by beekeepers to manage their
colonies. With this activity beekeepers try to turn a set of stimuli and scattered data into
meaningful understanding about their colonies [14]. It is a practice that is usually taught
by amore experienced beekeeper to beginners by collaborating over their inspections. To
successfully manage a beehive, the amateur beekeeper needs to become more attentive,
have the capacity to monitor certain information, and adapt their responses to situations
that arise. There are certain lists and categories of information that one might look for in
an inspection, although the more experienced a beekeeper becomes, the quicker it is to
inspect a hive and to go further on what they observe during that time. Hive inspections
can be taking place weekly, fortnightly, monthly, or even daily during harvesting season
[15, 16]. Beekeepers usually assess the status of brood condition, the population size,
they consider giving additional space to the hive during the flowering season or reducing
it during winter, check for food reserve, queen’s existence, or tendency to swarm [9, 15].
As it is a practice that is carried out regularly in every hive of an apiary, the amount of
data produced in only one inspection can be overwhelming. To be able to manage this
information, beekeepers keep records of hive inspections which can be helpful in order



160 T. Chamaidi et al.

to follow colony progress and to plan for future work in the apiary [17]. This type of
manual recording takes place in various ways, such as making notes on a hive, marking
a hive with a rock, and keeping notes on paper [9, 17].

Beekeeping Diaries and Inspection Notebooks. Beekeepers started journaling those
inspections, in order to manage this information and be able to make predictions about
the well-being of the hive. Organizing this data makes it easier to verify that a practice
is effective and aligned with beekeeping protocols, instead of having to memorize them.
This task takes place during or after beehive inspections, preferably as soon as possible
so that all qualitative and quantitative data can be recorded. They use paper journals
or take notes based on signs, symbols, and numbers regarding usually the number of
frames that have brood (eggs), the presence of the queen, and the number of frames
that have food reserves (honey or pollen) [9]. Beekeepers are particularly interested in
those data because they can indicate potential future problems. They also keep notes of
abnormalities in hives or statuses that trouble them, in order to take further action about
those hives in their next inspection. They keep comments on more abstract observations
as well, given a reason exists, but this is not the usual case since there is a lack of time.

The main problems with keeping notes during hive inspections is that it is time-
consuming, and the environment is not conducive to writing down observations. If the
notes are written down after the inspections, the quality and quantity of the information
that ends up in the journal is significantly lower than what was observed at the apiary.
Traditionally, beekeepers solve this problem using empirical methods, marking hives
with information that will be useful to them during their next inspection or at a later
visit. This is only a short-term solution, as this type of recording is not stored somewhere
and is often lost immediately after the next inspection to be updated with the new data.
If the notes are written down during the inspections, the beekeeper must do so while
wearing protective gear.

2.2 Related Systems and Software

Beehive Journaling. There is a wide range of systems, services and applications that
focus on note-taking or journaling for inspections alongside monitoring from sensors
[18]. These include research and commercially available systems and services, as well
as mobile applications easily found on most mobile market stores. The two most well-
known open-source systems that have attempted to address journaling more specifically
includeBeepApp onlinewebservicewith its accompanyingBeep Scale [19] andOSBee-
hives application accompanied by the BuzzBox beehive monitoring system [20]. Both
system services support beekeepers’ diary functionality. The user can keep notes after
creating each hive, about the current status, treatments, changes that have been made
during the inspections etc.Moreover, monitoring from sensors is stored on databases and
presented to the user through various visualisation techniques (graphs, charts, widgets
etc.). Both services classify the information properly according to inspection lists, well
known in the beehive community [21]. As both systems are under heavy development,
their graphical user interfaces and core functionality are continuously updated, allowing
users to navigate quickly through their mobile and desktop devices.
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Beehive Monitoring. Manual journaling from the beekeeper is often accompanied by
automation systems that monitor the current data of an apiary including the beehives and
themicroclimate of the area.Monitored data is captured and analysed by a number of sys-
tems and techniques including: audio / acoustics or sound analysis [22–25], motion/track
analysis [26–29], population estimation and variability [30–34], behaviour analysis [35],
vibration [36, 37], image analysis and computer vision for detecting diseases and para-
sites [38], energy consumption [39], environmental data [40] etc. A number of systems
have also been developed to monitor combinations of the aforementioned data based
on multi-sensor arrays that also fall within the domain of IOT. These usually monitor
temperature, humidity, weight, audio, video, vibrations etc. Some recent examples are
BeePi [41], Beemon [12], an IoT concept for precision beekeeping [42], and an IoT
project of a low-power beekeeping safety and conditions monitoring system [43].

3 Methodology

One of the most important tasks of this project is to design interaction and interactive
interfaces that afford the logging and journaling of specific beekeeping practices/tasks
performed by the respectiveworkers/beekeepers in the actual field/apiary. Themethodol-
ogy we follow in this project focuses to support several levels of design and development
ranging from the design of the interactions based on user research to the analysis and
outline of data architecture, to the development of the infrastructures, systems and ser-
vices. We follow a user centered design approach for establishing the user requirements
and establishing the interaction techniques to be used in the various interfaces [44, 45].
In terms of systems and services we follow a Service Oriented Architecture (SOA) for
web service applications which defines an important stage towards the evolution of the
actual application development and integration [46]. Therefore, the different layers of
the project will be developed as independent sets of interacting services offering well-
defined interfaces to their potential users. The technologies involved will be available in
such a way to allow sub-component developers to browse collections of systems, tech-
nologies, and services, select those of interest, and combine them to create the required
functionality in terms of user research and pre-established design requirements [47, 48].
The challenge here is to apply the SOA architecture for an IoT service-oriented archi-
tecture that takes into account a user centered design approach [49]. The IoT SOA archi-
tecture layers for this project include the following layers: Application Layer, Domain
Services Layer, Common Services Layer, Infrastructure Layer. In combination with the
user centered approach described earlier, the generic architecture of this focusing on: a)
desktop research and stakeholder interviews for identifying the domain requirements,
b) user (beekeepers and researchers) research for establishing requirements, c) design
and development of infrastructure systems and services, d) design and development of
common systems services, including the iterative design process of establishing working
interactive prototypes and e) the evaluation of the various sub-systems and services in
terms of a pilot case study. For the purposes of this paper, we will focus on the anal-
ysis of the user research, the interaction techniques and the architecture components
implemented at the current state of the project.
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3.1 User Research

Initially, the research focused on understanding beekeeping and its practices, the work
environment that beekeepers experience in an apiary, the challenges they face during
work, and the tools they use. Themain part of beekeeping concerns hive inspections. It is
craftsmanship where the beekeepers must understand the nature and the needs of the bee
colonies, receive stimuli during their visit about the current status, and develop a plan of
future actions [9, 10]. To better understand this process and identify the difficulties that
arise due to the complexity of this work environment, the research and design team of
the project conducted a set of field visits. We interviewed beekeepers and researcher by
using semi-structured interviews. We also observed and recorded beehive inspections
in the apiary on the basis of structured and semi-structured scenarios. The participants
were asked a range of questions covering topics related to their activities. The purpose
was to learn about the data they observe during the inspection, which of those they
journal, what methods they use to record them, when they record them and how often
they consult them. Some of the most important findings during the interviews were the
following:

1. It is almost impossible to document all the practices each beekeeper follows, as they
are often structured in terms of empirical knowledge,

2. due to the lack of appropriate tools, beekeepers only record a general review of their
observations when and if they journal,

3. problematic situations are preferred to be solved on the spot, if not, beekeepers keep
notes in order to remember to take further actions about those hives in their next
inspection (e.g. disorder, missing queen etc.),

4. time and task completion are important factors and affect most of their decisions, as
it is limited during their field visits,

5. journaling most of the times does not take place right after the individual beehive
inspection,

6. depending on the season, their focus shifts, but during inspections they mainly
observe the status of the brood, the food reserves, and the queen presence.

7. beekeepers manage how they are going to spend their time and what actions they
are going to follow in their next inspection, before going to the field. They have a
general overview of their hives and based on the season; they make plans about their
actions. Even if they don’t journal each hive’s progress, they manage to filter the
most important information and act on it. Each hive’s status concerns them on a high
level during the inspection, but after they are done with their actions, if it doesn’t
appear to have an abnormality, they keep a minimum amount of information about
the hive.

8. Beekeepers are creative in inventing new ways to communicate this information,
using signs, letters, objects to solve as fast and efficiently as possible. Although they
manage to achieve their goal without the use of specifically designed tools for their
work, these issues must be addressed.

Researchers of the field face similar issues; even though they have the time to observe
and journal, there is not a user-friendly digital tool available to help them organize their
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observations. The data that they are recording must be accurate, consistent, and gathered
in one place. It appears thorough user research in the available tools has yet to be done
to take their needs and the field into account.

Finally, both beekeepers and researchers are using monitoring systems as a way to
indicate important marks on their apiaries. Such systems do not seem to cover their
needs as they can only monitor some parameters of a few hives that do not actually
indicate what is happening in the hive. During the structured scenario, the beekeepers
were questioned about the date, practices, and goals of the previous inspection, the goals,
and practices during the present inspection and the tools they are going to use, as they
approached the hive to follow certain steps to perform an inspection. Those steps were
part of an inspection protocol, designed to understand how beekeepers would journal an
observation, as well as their hand and body position, by giving the same instructions to
multiple beekeepers. The tasks assigned to them included: 1) using the smoker and the
hive tool during the inspection, 2) carrying out practices in the hive, 3) observing the
frames, 4) moving around with and without the tools, 5) announcing what they observed
in each frame regarding the hive population, brood status (egg and capped brood) and
food reserve (honey, pollen) in percentages, as well as if there was a queen presence,
while they were able to add any other comment (Fig. 2).

Fig. 2. Use of tools and hand interaction during beehive inspection

Through the structured scenario what was discovered was that although beekeepers
could follow the instructions, they often preferred to follow a different workflow based
on their way of working. Their attention was on the events that take place in the hive
with the bees and not on their tools or the position of their hands. Although they were
guided to leave their tools on the side while observing a frame, the hive tool seemed to
be a part of their hand during the whole inspection. Both of their hands were busy most
of the time, trying to perform quickly but steady what was requested.

They also mentioned that putting their tools far away or on the ground is an action
they would avoid, so as to reduce their physical fatigue. According to the unstructured
scenario, it was detected that the focus of the beekeepers was aimed inside the hives
and not on the peripheral environment. They were mainly dedicated in observing, while
acting almost instinctively. Their actions were fast but cautious and efficient, while using
both hands and always holding the hive tool in one hand. Every tool and part of the hive
was placed on a close range from the hive they were inspecting, in order to avoid large
movements, bending over or lifting weights, as they wanted to minimize their physical
effort per hive. Due to the weather conditions (cold, wind), beekeepers also reduced the



164 T. Chamaidi et al.

information they were looking to keep for later and focused on minimizing the time they
would keep the hive open.

Inspection Scenarios. Beehive inspection will possibly take place in two phases: a) by
opening the beehive and identifying the current status, b) after finishing up the inspection.
Before the next visit, the beekeepers review the data they have recorded so that they can
properly prepare the inspection. To meet these requirements, the systemmust include all
of the actions listed in these two stages. The data that the beekeeper will record per hive
will include the number of frames, the population, the bees’ behaviour, the quantity of
brood and the stage it is in, the honey / pollen stocks, the presence of a queen, disorder
identification, and food consumption. Thus, during a visit to inspect food consumption
in their apiary, the beekeepers can approach a hive and check its condition using data
collected by the sensors. They can then begin the inspection based on the protocol
chosen and check the frames in relation to the food reserves. During the process, if they
notice that there are fewer reserves of honey and pollen from the previous visit, they can
proceed to feed them. They can journal the new hive’s status in food consumption about
food reserves (honey, pollen), and brood status before moving on to the next hive. After
finishing the inspection, they return home and have an overall view about the apiary’s
food consumption during this month.

3.2 Interaction Requirements and Interaction Techniques

Beekeepers, like other agri-foodworkers, are often required to dealwith painful everyday
practices for the human body, like lifting and lowering brood and honey boxes that may
harm their lower back in the long run [16]. Therefore, they need small and lightweight
assistive technologies, as well as interactions that do not restrict their movement in the
field. The interface’s dialogue with the beekeeper via audiovisual notifications must be
carried out carefully. Beekeepers feel it is necessary to use both their mind and their eyes
to document the overall situation inside and outside the hive. Any distraction can result in
incomplete journaling and, as a result, affect future beekeeping practices. Among the key
insights provided by beekeepers during the field research were the inability to hold more
tools or objects during beekeeping practices. As a result, it is not surprising that most
of them suggested hands-free interactive tools during beekeeping inspections. Another
vital requirement they highlighted is instant access to the history of all the beehive health
data via GUIs, with an emphasis on previously critical data, particularly when inspecting
beehives in a large-scale apiary. The information that was previouslymemorised or noted
through the use of signs, must also be included in the digital journaling process, since a
potential data loss or an incorrect interpretation of a past event may determine the future
of a bee colony. Bare-hand interaction with touchscreens could not be considered a best
practice, primarily because most beekeepers tend to avoid being stung and therefore
wear uniforms and thick gloves that prohibit touch interaction, and secondarily because
they will have traces of bee products on their bare hands that also makes difficult to
interact with any touchscreen device. Furthermore, wearing thick or dirty gloves may
make it difficult to perform subtle movements such as typing, tapping on options, or
using a touchscreen or traditional keyboard in general. Consequently, multimodal user
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interfaces that combine tangible and voice interfaces might be an option when time is
limited and adverse field conditions, such as low visibility, occur.

Web and mobile application interfaces are mainly used in order to keep beekeepers
informed through charts and alert notifications about beehive health status and weather
conditions either during apiary inspections or later on in the office [42–44]. Smartwatch
interfaces for beekeeping, which are currently in a conceptual design phase, emphasize
on displaying real-time changes in the beehive and alerts for the node’s battery level
[40]. On the other hand, no particular development has been observed in the use of smart
emerging technologies, so that the beekeepers can maintain their own digital journal for
the beehive inspection with Wearables and Augmented Reality technology. Nowadays,
the design of interactive applications for this purpose is limited to the use of common
user-platform interaction techniques, allowing beekeepers to type notes, create, input,
edit, and delete information about their hives and apiaries, with the use of their keyboard
from a desktop computer or a mobile device [45]. Portable devices, combined with
the evolutionary capabilities of interaction like tangible interactions, speech recognition
and gesture-based interactions are the proposed styles of interaction that can potentially
evolve as the future interactions for beekeeping practices. A description of the existing
types of interactions and their possible contribution to journaling during beekeeping
inspection is mentioned below.

Wearable Interaction. Wearable Technology, wearable devices or wearables are small
electronic gadgets with wireless communication capability, which are usually worn on
the human body, or easily integrated into accessories and clothing [50, 51]. Physiological
and kinematic parameters can be measured, so that users are able to enhance their
perception about their performance, or even the conditions of their surroundings and the
environment [52].

Ometov et al. (2021) presented a detailed classification of wearables based on the
device technology, managing to name 27 different device types. Personal notification
devices, Smart watches, Wearable cameras, Smart clothes, Smart contact lenses, Smart
gloves, Smart rings, E-Textiles (smart fabrics) and AR devices, are some examples of
the wearable technologies mentioned. Recognizing how many options are available and
how many combinations could be used in beekeeping practices, we can get a taste of the
innumerable ways we can provide the user to interact with both the environment and the
interface.

Wearables can also be categorized into the following three types, based on howmuch
energy they consume: low-power, medium-power, and high-power wearables. Devices
with displays typically consume more power than those without a graphical output
interface [53].

In terms of data collection, the following sensing techniques are already used inwear-
ables: Participatory (active) sensing (gathering information through the user’s action),
Opportunistic (passive) sensing (gathering time-based or distance based data), and
Opportunistic mobile social networks (point-to-point networks of devices that share
information with one another) [50].

In this paper, wearables are considered as extremely useful for journaling during the
inspection process. As previously stated, beekeepers frequently have their hands full and
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are usually unable to hold another item. Small smart devices are also easier to carry on
the human body. Immediate access to charts of live data collected by sensors, combined
with available technologies for manual data input, like speech-based [54] and gesture
interaction, would increase presence and add significant value to user experience design.

Physical Object Manipulation and User Experience. Physical objects are character-
ized by shape, colors, ergonomy, metaphors, mobility, weight, texture, plasticity, func-
tionality, indications, aesthetics and size. Using physical objects could activate innate
spatial reasoning skills of the beekeepers, while simultaneously expanding the range of
gestures with grasping behaviors [55]. Moreover, the manipulation of a physical object
would enhance their user experience with the feeling of touch and response [56]. An
interesting challenge when designing interactions is keeping users engaged with the
feeling that they are actively participating in the process. Interacting with a physical
object, would give beekeepers the feeling that the journaling process is still under their
control.

Physical object interactions are based on the way users hold, move, touch an object
and transform it. As mentioned above, subtle movements like typing may not be possi-
ble during beehive inspections whereas, moving, rotating and tapping on larger tangible
interfaces can potentially provide more flexibility in data entry of simple values. Aside
from important elements, such as form and functionality, user experience could also be
improved with detailed design of other elements placed on the object, like colourful indi-
cators, lighted surfaces, and symbols representing beekeepers’ semiotics during beehive
inspection.

Gesture-Based Interaction. Recent advances in real-time gesture recognition algo-
rithms have resulted in the development of algorithms that are quite adaptable to differ-
ent types of hands and have overall recognition accuracy rates greater than 94% [57].
A wider range of available gestures could lead to a more realistic and detailed journal
about the behaviour of bees, the condition of each frame and the overall health of the
beehive. Given the fact that difficult conditions may prevail during journaling, together
with the inability of the beekeeper to grasp other things, wearables with eye-tracking
interaction, can be potential alternatives for data input [50].

3.3 Basic Architecture and Infrastructure

This section aims at presenting a high-level overview of the IOHIVE architecture and
its connection with the journaling sub-system. Starting from the user side, a user can
interact with the IOHIVE platform both through a wearable/tangible device and a web
application for visualising data in terms of mobile or desktop interfaces. Through the
wearable/tangible interface, the user can record observed inspections. When the user
moves away from the actual apiary, he/she can interact with the web application in order
either to configure his/her hives for next inspection or to monitor them based on the
installed IoT sensors and devices. Every hive has been associated with a list of devices
including weather stations, temperature and humidity sensors in/outside the hive, scales,
sound sensors etc.
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The open and extensible architecture of the IOHIVE platform is designed to facili-
tate the integration of different end devices for remote beehive monitoring, acquisition
of weather/environmental data as well as inspection data. Measurements such as a) the
weight of a hive, b) the temperature inside/outside a hive, c) the humidity and d) the
sound inside the hive provide valuable information about the status of bee colonies.
Environmental or weather data provide a good valuable source of wide area climate and
microclimate around the apiaries. In addition to the aforementioned, beehive inspection
data, provided by the beekeepers, offer a valuable additional layer of information. This
type of empirical data is based on observation or experience and is a subjective mea-
surement of phenomena, as directly experienced by the beekeepers. This data is thus
valuable and cannot be ignored. It can be further utilised in terms of correlation with
sensed data from the instruments and sensors.

A brief description about the end devices that have been already integrated in the
platform is presented on the following Fig. 3:

Fig. 3. IOHIVE end devices. a) BEEP base, b) SaveBees SMS scale, c) Kudzu scale based on
Sprout, and d) MeteoHelix IoT Pro weather station MeteoWind IoT Pro wind sensor.

The focus of this project, according to the design requirements and research gathered
at the early stages of its implementation, is to invest on IoT technologies that provide
long-range wireless communications at a low bitrate among the connected objects, such
as sensors that operate on a battery (Fig. 4).

Fig. 4. Gateway overview at TTN. At this stage six gateways deployed at Syros and Paros Islands.
These include custom made TTN Gateways based on RPi (3), Beaglebone (1) microcontrollers
and LoRank (2).
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Thus, the majority of devices used in this project operate over the LoRa low-power
wide-area networkmodulation technique. A few node devices support 3G/4G connectiv-
ity for coverage in areaswith limited network access or LoRa coverage and communicate
through Simple Message Service (SMS) technology via an SMS gateway. In this way
the absence of LoRa coverage at the area can be tackled. Therefore, the main goal is to
have devices installed in the apiaries which are low power wide area (LPWAN) LoRa
nodes that connect to the nearest LoRa gateway [58, 59]. The gateways forward the data
to The Things Network (TTN) [60]. Using appropriate payload decoders and web hooks
the payload is supplemented with a unique device ID and timestamp and is being pushed
to the IOHIVE Service described in the following section (Fig. 5).

Fig. 5. High-level overview of the IOHIVE architecture

Finally, it is important to note that the data derived from the sensors is being persisted
in a MongoDB database [61]. Currently, the latest Mongo 5 database offers timeseries
collections combined with a powerful aggregation framework.

The IOHIVE Service
The IOHIVE service provides three distinct APIs:

• IOHIVE Sensor (Data) API - responsible for the integration of sensor data
• IOHIVE Weather (Data) API - responsible for the integration of weather data
• IOHIVE Inspection (Data) API - responsible for the integration of inspection data

The IOHIVE service is responsible for pre-processing the data (validate, for-
mat etc.) and store them into the database. The service has been implemented using
NestJS/NodeJS technology. Apart from the push API, the service exposes endpoints to
allow retrieval/aggregation of data by the IOHIVE App. Grafana has been used as the
main framework for generating charts and embedding them into the IOHIVE App. The
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combination of MongoDB aggregation framework and Grafana offers a flexible frame-
work for developing charts aiming at extracting useful insights about the data. So, data
originating from continuous monitoring of a beehive and its surrounding environment
can be correlated in time with data coming from inspections. For every cycle of an
inspection (finished inspection → start new inspection) a data window can be extracted
and analysed. Through appropriate visualization techniques the user has insights about
what went wrong during the last inspection period and plans corrective actions (Fig. 6).

Fig. 6. Visualization of sensor data using charts and tables. Measurements from an SMS scale:
a) temperature in/out, b) relative humidity, c) weight.

Furthermore, BEEP app and BEEP base have been integrated in our architecture
[19]. Data from the different sensors are being forwarded to the BEEP app through the
IOHIVEService. In addition to them the IOHIVEwearable/tangible devicewill also feed
with inspection data initially the IOHIVEAPI service and its forwarding services. Based
on the user research described above, several inspection checklists will be developed. A
data transformation layer, part of the IOHIVE Service, is responsible for transforming
data from different sources to the suitable formats for an optimized consumption by the
different interfaces. This allows for dynamic/configurable checklists based on the end
user needs.

4 Future Work and Directions

Future work will focus on the design of the wearable/tangible system that will support
journaling for beehive inspections. This will include the actual design of the physical
product, the electronics and the interaction techniques. The design team will also focus
on designing the web interfaces, the user roles and the visualisation mechanisms for
providing charts and graphs to the end users. Moreover, further development is needed
for the completion of the Sensor, Weather and Inspection APIs.

Another important task for the research and design team is to outline and organise
the evaluation plan for the case studies that will follow the actual development of the
prototypes.
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Abstract. As one of the unique cultural products and representative symbols
of China, Yixing teapots have a unique aesthetic connotation. The cultural and
creative products of Yixing teapot have played a positive role in the inheritance of
intangible cultural heritage, however, they still face higher requirements in terms
of design innovation and adaptation to users’ aesthetic needs. Although several
methods of evaluating and measuring user experience have been established, such
as subjective reporting and questionnaire surveys, designers still need objective
methods to evaluate users’ perception and response for Yixing teapots modeling.
This paper aims to combine virtual reality and eye tracking technology to recognize
users’ aesthetic preference for the 3D modeling of Yixing teapots. Eye tracking
signals were recorded in a preference categorization task, and users’ aesthetic
preference was analyzed via eye tracking data and users’ subjective evaluation.
The results showed that the fixation count and time of first fixation in different
AOIs had significant effects on users’ subjective evaluation. The study provides
an objective method in recognizing users’ aesthetic preference, and can provide
practical reference for the future modeling design of Yixing teapots.

Keywords: User’s aesthetic preference · Product modeling · Virtual reality · Eye
tracking · Yixing teapots

1 Introduction

The rapid development of global knowledge economy and experience economy has
promoted the prosperity of cultural and creative industries. Teaware production and
tea drinking have long history, Yixing teawares first appeared during the Sung dynasty
(AD 960–1279) in theYixing region. The use and production of Yixing ceramic teawares
began to flourish in the late Ming dynasty (AD 1600s). For the following three centuries,
scholars variously praised, made, inscribed and collected Yixing teawares, which made
them renown throughout China and Europe [1]. Yixing teapots have a unique aesthetic
connotation, being attractive mainly by elegant modeling and exquisite craftsmanship.
Yixing ceramic cultural and creative products have contributed positively to the inher-
itance of intangible cultural heritage, but still face more challenges in terms of design
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innovation and adaptation to users’ aesthetic needs. Further investigation of users’ aes-
thetic preference for the modeling of Yixing teapots needs to be conducted to provide
deeper insight into Yixing ceramic cultural and creative products design.

With regard to evaluating users’ preferences for the modeling of cultural and cre-
ative products, researchers usually rely on traditional methods such as questionnaires or
interviews to evaluate and measure user experience [2]. The existing findings revealed
that traditional methods based on questionnaire surveys have limitations in evaluating
user’s perception and response. Data from traditional methods are easily affected by
the respondent’s surroundings, voluntary participation, difficulty of comparisons among
product, false feeling of their inner state [3]. This drives a need to establish an integrated
and objective method in evaluating user’ aesthetic preference for product modeling to
draw any conclusive or generalized guidelines for Yixing ceramic cultural and creative
products design.

Noticeably, somephysiological signals have been associatedwith the dynamic appre-
ciation flow to distinguish aesthetics [4]. As one of physiological measurements, vision
receives the largest amount of information about a product quickly [5]. A user’s percep-
tions and responses to a product are mainly affected by the product’s appearance [6].
In general, vision is the first channel to obtain information, and directly impact user’s
future behavior and intention to experience with the product [7]. Researchers also found
that vision is the most important sense in the product-buying experience [8]. More and
more researches have applied eye tracking method to product design and explain the
meaning of eye movement [9].

The application of eye tracking to virtual reality environments combines the strengths
of mobile and desktop-based eye tracking [10]. Virtual reality can provide more infor-
mation and create a more realistic display experience than traditional two-dimensional
media (such as photos) [11]. It provides simulated experiences that create the sensation
of being in the real world. Virtual reality has been used in the new product development
process for quite a while [12]. In the present, Virtual Reality represents a novel and
powerful tool for behavioral research [13]. With the rapid development of VR technol-
ogy, most scholars believe that combining VR technology with eye tracking will have
a promising future, which can greatly promote the analytical research and application
of cognitive behavior [14]. The combination of eye tracking and virtual reality has also
been applied to study user behavior to provide shopper assistance [10]. The experimental
design, technical application and data analysis of these studies laid an important founda-
tion for future research.Whereas, to the best of our knowledge, it has not been utilized in
recognizing users’ preference for the modeling of cultural and creative products. Thus,
a method combining virtual reality and eye tracking will provide a more accurate and
objective reference for assessing users’ aesthetic perception and experience of product
modeling.

This study extends previous research by providing an objective evaluation of users’
perception for product modeling. Specifically, we recorded the eye tracking signals of
thirty participants in a preference task to investigate the correlation between eye tracking
signals and users’ subjective evaluation. The findings provide designerswith an objective
method in evaluating users’ aesthetic preferences for product modeling, and provide a
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more accurate and objective reference basis for the future design of Yixing ceramic
cultural and creative products.

2 Methods

2.1 Stimuli

Samples of Yixing teapots were widely collected through product catalogs, Yixing Zisha
artistry museum website, related reports and shopping websites. After removing similar
samples, a total of 75 preliminary pictures of Yixing teapots were selected according to
the principle of clear morphology. Subsequently, thirty participants (15 females, mean
age 25) were recruited to classify the 75 Yixing teapots by different features for similar-
ity. Finally, five representative samples were selected using hierarchical cluster analysis
(HCA) based on a user-defined similarity metric (see Fig. 1). 3d models of these rep-
resentative samples were constructed to investigate users’ aesthetic preference for the
modeling of Yixing teapots in the formal experiment.

Fig. 1. Five representative Yixing teapot samples.

In a technical sense, the five Yixing teapot models were constructed in similar ways.
The process consisted ofmodelling and rendering (see Fig. 2).Modelling was performed
by using Rhinoceros v6.0 (www.rhino3d.com). The rendering was performed using the
V-Ray 5 for 3ds Max (www.vray.com), operating with Autodesk 3ds Max v2019 (www.
autodesk.es).

Fig. 2. 3D Yixng teapot models.

Excluding the interference of color and material, the study divided the Yixing teapot
into six morphological components (see Fig. 3): the knob, the lid, the spout, the handle,

http://www.rhino3d.com
http://www.vray.com
http://www.autodesk.es
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the body, and the bottom, according to the criteria of the Yixing Zisha artistry museum
website. These area divisions correspond to different area of interest (AOI), as shown in
Table 1.

Fig. 3. Morphological components of Yixing teapot.

Table 1. Product AOI division.

AOI Definition

AOI1 Pot knob

AOI2 Pot lid

AOI3 Pot spout

AOI4 Pot handle

AOI5 Pot body

AOI6 Pot bottom

VR Environment Set-up. A 3D simulation developed by means of the Unity game
engine (Unity v2019.1.2f1; https://unity3d.com). The model was generated in SketchUp
2015 (http://www.sketchup.com), and the textures were extracted from the physical
environment to achieve maximum realism. In order to realize the collection and analysis
of eye-movement data, a simple display scene was set up for the VR environment based
on the principle of being close to reality and not affecting the user’s viewing of themodels
(see Fig. 4). The eye tracking signals were acquired using the Tobii Pro VR Integration
based on the HTC Vive HMD, which can be used for a range of human behaviors
analysis including automated visualizations and analytics for interaction, navigation,
and eye tracking data.

https://unity3d.com
http://www.sketchup.com
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Fig. 4. VR environment set-up.

2.2 Participants

Another thirty participants (15 females, mean age 22.17) were recruited from Hunan
University. All participants had a normal or corrected-to-normal vision and were right-
handed. They reported no history of neurological or psychiatric disorders. Before the
experiment, they were fully informed of the experimental procedures and voluntarily
signed written consent forms to participate.

2.3 Procedures

The experimentwas conducted inHunanUniversity laboratorywith noise prevented. The
individuals were given a brief explanation of the experiment and signed their informed
consent to participate. A total of 5 stimulus were used for the experiment, and each
Yixing teapot sample rotated at a uniform speed and displayed in the VR environment.

At the beginning of the study, each participant sat down and relaxed for 10min. Then
they put on the Tobii Pro VR Integration based on the HTC Vive HMD (see Fig. 5), and
watched a 1-min blank screen to create a common state of baseline calm.When the blank
screen ended, a blank screen with a cross was presented in 2 s to draw participants’ sight
back. The stimulus was randomly presented with a duration of 30 s. After viewing the
sample, the users were asking to orally evaluate the aesthetic preference of each Yixing
teapot using a 7-point Likert scale embedded in the VR environment. The task paradigm
of the experiment was shown in Fig. 6.

Fig. 5. Exemplary experimental set-up.
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Fig. 6. Schematic illustration of an example trial.

2.4 Eye Tracking Data Recording

The eye tracking signals were acquired using the Tobii Pro VR Integration based on the
HTCVive HMD. Eye tracking signals were imported into Tobii Pro VRAnalytics. Tobii
Pro VR Analytics is an analysis software tool that integrates into new or existing Unity
environments. The software enables collection and playback of eye tracking data in
Unity environments. During the recording, the experimenter observed the participants’
gaze cursor in real time on external screen. Participants were asked to avoid extensive
or vigorous head movements when stimuli were presented. Metrics including fixation
count, total fixation duration, average fixation duration, and time to first fixation were
extracted.

2.5 Data Analyses

Homogeneity of variance testwas conducted to test the user’ subjective evaluation (liked-
disliked) against the eye tacking indicator data in SPSS 26.0 (see Table 2). Eye tracking
indexes included fixation count, total fixation duration, and average fixation duration.
Results showed that all indicators passed the test with p > 0.05, allowing for the next
step of one-way ANOVA.

Table 2. The result of Homogeneity of variance test.

Eye tracking index Levene df1 df1 Sig.

Fixation count 0.734 6 143 0.542

Total fixation duration 0.558 6 143 0.648

Average fixation duration 0.906 6 143 0.453
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3 Results

One-way ANOVA was conducted to test whether eye tracking data influences users’
perception for the modeling of Yixing teapots. Fixation count, total fixation duration,
and average fixation duration were analyzed using users’ subjective evaluation (dislikes-
likes) as influencing factors (see Table 3). The ANOVA results indicated that fixation
count had a significant effect on users’ subjective evaluation (F = 3.358, p = 0.016),
i.e., fixation count significantly reflected user’ aesthetic preference.

Table 3. The correlation between users’ subjective evaluation and eye tracking indexes.

Eye tracking index F Sig.

Fixation count 3.358 0.016

Total fixation duration 0.744 0.620

Average fixation duration 1.064 0.412

In order to study the relationship between fixation count and time to first
fixation of different AOIs and users’ aesthetic preference, fixation count and time to
first fixation in different AOIs were analyzed using one-way ANOVA with users’ sub-
jective evaluation (liked-disliked) as the influencing factor, and the results are shown in
Table 4 and Table 5.

Table 4. The correlation between users’ subjective evaluation andfixation count in differentAOIs.

AOI F Sig.

AOI1 0.536 0.776

AOI2 1.912 0.122

AOI3 2.048 0.100

AOI4 0.516 0.790

AOI5 3.069 0.023

AOI6 0.459 0.765

It can be seen from the tables that at the significance level of 0. 05, fixation count in
AOI5 had a significant effect on users’ subjective evaluation, and time to first fixation
in AOI3, AOI4 and AOI5 had a significant effect on users’ aesthetic preference. At
the significance level of 0.1, fixation count in AOI3 had a significant effect on users’
subjective evaluation.
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The results in Table 4 showed that fixation count was closely related to users’ aes-
thetic. Specifically, fixation count in pot body and spout had a significant effect on users’
subjective evaluation. Users will look more at important or interesting product design
features than at unimportant or uninteresting ones [15]. This means that for the design
of Yixing teapots, the design of the body and spout is crucial, which will influence the
users’ aesthetic preference.

Table 5. The correlation between users’ subjective evaluation and time to first fixation in different
AOIs.

AOI F Sig.

AOI1 1.655 0.177

AOI2 0.245 0.957

AOI3 2.681 0.040

AOI4 2.857 0.031

AOI5 3.507 0.013

AOI6 0.561 0.693

The results in Table 5 showed that time to first fixation in pot body, handle and spout
had a significant effect on users’ subjective evaluation. Time to first Fixation is the time
from the start of a task until a particular AOI is fixated for the first time. It can provide
information about how certain aspects of a visual scene are prioritized. Thus, the design
of the body, handle and spout should be prioritized by the designer to attract users’
attention.

4 Conclusion

Enhancing users’ overall aesthetic experience of Yixing ceramic cultural and creative
products is essential for designers. However, existing methods in evaluating users’ aes-
thetic preference for product modeling cannot provide designers with integrated and
objective guidelines. This work provided an objective evaluation of users’ preference
via combining virtual reality and eye tracking. Five representative Yixing teapot samples
were selected to a preference task. Participants’ eye tracking signals were recorded when
they observed and judged their preferences for the product modeling.

The results showed that two indicators, fixation count and time of first fixation in
different AOIs, had significant effects on users’ subjective evaluation. Specifically, fixa-
tion count in pot body and spout significantly influenced the user’ subjective evaluation,
and time to first fixation in pot body, handle and spout also had a significant effect on
user preference. This means that for Yixing teapot design, the design of these features
should be more visual salient to attract user’s visual attention.
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The evaluationmethodvia eye tracking could enable designers to objectively evaluate
users’ aesthetic experience and perception for the modeling of Yixing teapots when the
designers establish prototypes. It will help improve the situation that previous scholars
predominantly rely on questionnaires or interviews when evaluating users’ preferences.
This study can guide the cultural and creative product design of designers, and enhance
user’ overall aesthetic experience and perception of Yixing teapots. The cultural and
creative products of Yixing teapots will be more in line with the users’ aesthetic needs
in the future.

Although considerable efforts have been devoted to optimizing the research scheme,
limitations still exist in this study. Only eye tracking metrics involved in visual infor-
mation access were employed. More physiological signals that might be involved in
evaluating user’ preference, such as electrocardiogram (ECG), electrodermal activity
(EDA), electroencephalography (EEG), should be investigated. In the future work, more
attention would be paid to enrich product categories.
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Abstract. The present study investigates the affordance of vibrotactile
signals in a simulated haunted house. Participants experienced a virtual
séance using a head-mounted display, sound, and haptic stimuli on the
palm and thighs. In one condition, six unique, handcrafted haptic sig-
nals (cicadas, frog, thunder, earthquake, heartbeat, knock) were presented
alongside appropriate events in the narrative. In another condition, a sin-
gle multiplexed stimulus was presented for every event; this signal was a
composite of the six distinct signals. Adjective ratings were collected for
both conditions for each participant. Results showed that the extent to
which a haptic signal enhanced the sense of immersion depended on the
match between the signal and the natural phenomenon it represented.
The unique, handcrafted signals generally were rated as more immersive
than the multiplexed signal. However, the signal cicadas had a distinct
spectral signature that stood out in the multiplexed signal. Participants
rated the distinct cicadas signal and the multiplexed signal as similarly
immersive. Our results demonstrate that carefully handcrafted vibrotac-
tile signals can enhance the sense of immersion in virtual reality. Fur-
thermore, participants may rate a haptic signal as more immersive if it
contains features congruent with the natural event it represents, regard-
less of extraneous, incongruent features.

Keywords: Haptic affordance · Haptic design · Distinctiveness of
haptic signals

1 Introduction

As our ability to create rich and novel haptic sensations grows, so too does the
interest in the potential of haptics to enhance immersion in remote and virtual
environments. Immersion here refers to the degree to which a simulated envi-
ronment envelopes or surrounds a user, a key factor in how engaged the user
feels in the simulation [10]. Many studies have examined the role that haptics
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Fig. 1. Left: A scene simulating a séance in the virtual haunted house, with a repre-
sentation of a hand on the palmScape. Right: A participant wearing the VR headset
with one hand resting on the palmScape display.

Fig. 2. The two vibrotactile displays employed in this study. Left: the palmScape. Right:
a chair with tactors concealed, with an inset showing the two tactors on each side of
the seat cushion.

plays in enhancing users’ experience from various perspectives such as affective
communication [4,5,12,18]. The present study explores the affordance of vibro-
tactile stimuli in a simulated haunted house VR with accompanying visual and
audio events (Fig. 1).

When properly synchronized with high congruency, multimodal stimuli can
enhance the user’s experience in a virtual scenario by leveraging sensory experi-
ences we are familiar with from our daily lives. While most VR environments may
be dominated with sight and sound, including haptic feedback can contribute
to the extensiveness (the range of sensory modalities presented) and vividness
(quality) of a simulation [6]. But how distinctive and realistic those signals need
to be to immerse the user is still an open question. While conventional wisdom
may prefer high-fidelity systems for better immersion, research that employs
stimuli of different levels of realism points to similar levels of effectiveness [11,19].
For example, a number of relatively high-fidelity wearable haptics that simulate
grasping or touching virtual objects have been shown to be effective in enhancing
the user’s sense of realism in VR [9]. Passive haptics—objects in the real world
(often static and low-fidelity) that represent virtual objects—have also shown
to be effective at enhancing presence [6]. In one study, participants wearing VR
headsets experienced significantly higher changes in heart rate and skin conduc-
tance when a 20-foot pit in the virtual world was simulated by a drop in the
floor of the physical world—even though the real drop was only several inches
deep [6].
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Table 1. Haptic signals employed in the present study

Signal name Location Description

1 Cicadas palm Rough, rhythmic: 120-Hz background noise with
32-Hz amplitude modulation and four 60-Hz bursts
with 32-Hz modulation

2 Frog palm Rough, rhythmic: 50Hz and 120Hz superimposed
with 1.7Hz and 16Hz modulation, respectively

3 Thunder palm Impact then decay: initial 135Hz and 150Hz at high
amplitude, then attenuation following Gaussian
envelope

4 Earthquake palm Build-up then decay: 30Hz modulated with Gaussian
envelope

5 Heartbeat palm Smooth beating: 20–30 Hz pulses

6 Knock palm Short pulses: 30Hz and 300Hz superimposed

7 Multiplex palm Complex: derived from signals 1–6

8 Rattling chair seat cushion Rumble: 170Hz pulses below each leg

The present study explores how haptic stimulation can enhance one’s sense
of immersion, novelty, and creepiness in a haunted house. Two types of haptic
stimuli were used: distinct signals that were hand-curated to match the sight and
sound of a specific event, and a single multiplexed signal that was employed for all
events. Participants experienced séance-themed visual and sound effects. At key
points in the narrative, such as the arrival of a croaking frog or booming thunder,
vibrotactile stimuli were presented to the user’s palm (Fig. 2, left). Concealed
actuators embedded in the seat cushion also rattled the user’s chair (Fig. 2,
right). After the five minute presentation, participants completed a questionnaire
on their experience. By assigning the participants randomly to the condition of
distinct stimuli followed by the multiplex condition or vice versa, we hoped to
determine the degree to which the distinctiveness of the haptic stimuli affected
their affordance in the haunted house experience.

2 Related Work

This study utilizes the vibrotactile signals on a palmScape haptic display devel-
oped by Shim and Tan [14]. The palmScape signals were designed to imitate
calm and pleasant (low arousal, high valence) natural phenomena using features
like intensity, frequency, and rhythm. The present study uses a subset of these
signals, shown in Table 1.

Prior to the present study, a pilot study was conducted, in which the palm-
Scape signals were incorporated into a haunted house narrative [2]. Twenty-two
participants volunteered to sit in a dark booth and feel haptic, visual, and audio
effects as part of a fictitious séance. A questionnaire was used to determine
whether the haptic effects affected the participants’ sense of immersion, novelty,
and creepiness. The results indicate that the rattling chair, heartbeat, frog, and
thunder signals were most effective in eliciting positive perceptions and a sense
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of creepiness. Moreover, stimulus-label compatibility seemed to be an important
factor in those perceptions; for the three most positively received palmScape
signals, “expected,” “familiar,” and “life-like” were the most common neutral
or positive adjectives chosen, and “confusing” was the most common negative
adjective chosen overall.

The findings of the pilot study suggest that life-like haptic effects may
increase perceived immersion and enjoyment of a haunted house. However, it
is not clear to what degree the distinctiveness of the haptic stimuli determined
this enjoyment, as opposed to the context in which the stimuli were presented in
the narrative. It is possible that less distinctive, less unique, and even less realis-
tic stimuli might be sufficient to achieve the same emotional effect. The present
study was designed to test the affordances of distinct and scenario-specific haptic
signals vs. a complex but general vibrotactile signal.

3 Methods

3.1 Participants

Thirty-one participants (10 females) aged 21 to 32 years (25±3 years) took part
and were compensated $10.00 for their participation. All participants signed an
IRB-approved informed consent form.

3.2 Apparatus

The palmScape display employed in the present study is comprised of a 2-by-2
array of 30-mm diameter, wide-band audio exciters (Tectonic Elements, Model
TEAX13C02-8/RH) embedded within a silicon disk, shown in Fig. 2 (left). To
feel the signals, the user rests a hand on the plastic housing, with the palm
covering the four tactors. For further details about the palmScape signals and
apparatus, see [14].

Besides the palmScape display, an additional four actuators (Tectonic Ele-
ments, Model TEAX25C10-8/HS) were hidden in the participant’s seat cushion,
two under each thigh, as shown in Fig. 2 (right). The actuators were freely sus-
pended using a plastic attachment within the chair cushion to ensure that they
could be excited up to 1.5 mm under the weight of the leg. Black cloth was
used to conceal the chair tactors, and participants were not informed in advance
that haptic feedback would occur from that location. Audio and visual stimuli
were presented using an Oculus Quest 2 headset (https://www.oculus.com/), as
shown in Fig. 1 (right).

3.3 Stimuli

In trial A, the participant experienced multiple, distinct, nature-inspired haptic
stimuli at key points in the narrative (see Signals 1 to 6 in Table 1). In trial B,
the participant experienced a single multiplexed stimulus repeated at each of

https://www.oculus.com/
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those key points in the narrative (see Signal 7 in Table 1). This composite stim-
ulus was derived from six of the distinct stimuli used in trial A and modulated
according to both frequency and amplitude to ensure that the perceptual output
of key individual characteristics of each of the original six signals could be felt by
the user. Amplitude, frequency, and time variations were counterbalanced such
that the multiplexed signal had a similar perceived intensity as the six distinct
signals [8].

3.4 Experimental Conditions

Each participant completed two trials, A and B, varying only in the haptic
stimuli presented to the palm. The order of the two trials was randomly assigned
to each participant. The rattling chair setup remained identical for both trial A
and trial B and therefore was expected to garner similar responses in each trial.

3.5 Procedure

For each trial, participants were asked to sit down in the chair with the con-
cealed actuators, lay their right hand gently on the palmScape, and watch a
five-minute 3D video via the VR headset. In virtual reality, participants were
led by a narrator through a fictitious séance, a form of ghostly entertainment
popular in the 19th century in which participants sit in the dark, join hands, and
attempt to commune with spirits [15]. Scenes of a haunted marsh and wooden
cabin were rendered using Unity (https://unity.com/). Participants could lean,
twist, and turn their heads to explore their surroundings. Synchronous sounds,
visuals, and haptics were integrated into the narrative. For instance, the nar-
ration “come quickly now; there is a storm approaching” was accompanied by
the thunder vibration delivered by the palmScape, visuals of lightning striking a
nearby virtual tree, and the sound effect of thunder. At the end of the séance,
the actuators in the chair vibrated to signify a spirit’s arrival.

Afterward, participants sat with an experimenter and answered a question-
naire. First, they were asked a series of open-ended questions:

How did it go?
Have you been to a haunted house before?
Have you been to a séance before?
What did you expect (to feel, sense, or see)?
What surprised or was novel to you?
Tell me about an experience that stands out to you.
Did the haptic sensations make you feel more/less immersed?

Next, participants chose an adjective to describe each of the haptic stimuli
in the order of their first appearance in the narrative. A word bank of sug-
gested adjectives, shown in Table 2, was provided, and participants were given
the choice to select from these suggestions or to choose another word entirely.
These adjectives were sourced from the Microsoft Desirability Toolkit, with the

https://unity.com/
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Table 2. Adjectives provided in random order to participants as suggestions during
the questionnaire.

Immersive Neutral Not immersive

Exciting Calm Boring

Clear Complex Confusing

Effective Expected Ineffective

Satisfying Unpredictable Undesirable

Consistent Familiar Inconsistent

Comfortable Unconventional Overwhelming

Engaging Slow Distracting

Creepy Fast Simplistic

Scary

exception of “creepy” and “scary,” which were haunted house context-specific
additions [1]. The numbers of words with positive, negative, and neutral con-
notations were balanced in the word bank, based on the recommendations of
the Toolkit designers. The order of the words in the bank was randomized for
each participant. Unbeknownst to the participants, these adjectives were cate-
gorized by experimenters as “immersive,” “neutral,” and “not immersive,” as
shown in Table 2. Creepy and scary were categorized as “immersive” given the
haunted house context. If participants generated an adjective from outside the
word bank, e.g. “realistic,” clarification was sought by the experimenter. The
word would then be categorized accordingly and kept consistent across all par-
ticipants. Likewise, if participants selected a “neutral” adjective with ambiguous
valence (e.g. “expected”), clarification was sought, and the response was catego-
rized as “immersive” or “not immersive” if possible. This was done in order to
gather as much information as possible related to immersion. Participants also
chose a modifier for their adjective on a 5-point Likert scale ranging from “Not

” to “Very .”
During the questionnaire, participants were provided a palmScape to feel

the stimuli again if desired. For trial A, these stimuli were the distinct, nature-
inspired haptic signals. For trial B, the single multiplexed stimulus was presented
every time, just like during the narrative experience. Experimenters did not
comment on the fact that the same stimulus was being repeatedly presented in
trial B, or the fact that the stimuli differed at all between the two trials.

After completion of the questionnaire, the VR experience and adjective rating
exercise were repeated for the second trial.

3.6 Results

Overall Impressions Were Positive for Both Trials. From the open-ended
questions, it was learnt that most participants (24 out of 31) had previously
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Fig. 3. Adjective responses for distinct palmScape signals in trial A (top) and repeated
multiplexed signal in trial B (bottom). The number of “immersive” (white), “neutral”
(striped), and “not immersive” (black) adjective responses aggregated across all 31
participants are shown for each of the 6 haptic stimuli presented to the palm in order
of first appearance. The rattling chair stimulus (right of the dotted line) was the same
for trials A and B.

been to a haunted house, though none had experienced a séance. Overall, all
but one participant responded positively to the question, “how did it go?” after
experiencing the first trial. Twenty-three participants explicitly stated that the
haptic effects made them feel “more” immersed after experiencing the first trial;
on this question, little difference was observed between those who experienced
trial A first (of whom 11 reported “more” immersed) and those who experienced
trial B first (12 reported “more” immersed). Like in the pilot study, the rattling
chair was cited most often as surprising, novel, or stand-out; twenty participants
mentioned it in their freely recalled answers. Feelings of creepiness were definitely
achieved; the words “creepy” or “scary” were mentioned 49 times across the 31
questionnaires, with the rattling chair, knock, and thunder signals receiving the
most accolades.

Responses to the Distinct, Nature-Inspired Signals Varied. Figure 3
summarizes the adjective responses. The upper plot shows responses from trial A,
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in which participants felt distinct, nature-inspired palmScape signals. These sig-
nals are listed along the x-axis. The adjectives that participants chose to describe
these signals were categorized as “immersive,” “neutral,” or “not immersive.”
The total number of adjectives in each category for each signal were aggregated
across all participants and plotted as columns. The higher the “immersive” col-
umn (in white), the more participants chose words like “effective” and “realistic”
to describe that signal. The higher the “not immersive” column (in black), the
more participants chose words like “confusing” and “distracting.”

As might be expected for the diverse signals presented in trial A, the adjec-
tives chosen by participants varied from signal to signal. For the heartbeat, frog,
and rattling chair, participants largely responded positively and overwhelmingly
selected “immersive” adjectives. Likewise for cicadas and thunder, the majority
of responses were “immersive.” However, for earthquake and knock, more partic-
ipants responded with “not immersive” adjectives than with “immersive” ones.
Participants’ answers to the open-ended questions offer some insight into this
variation, as will be discussed in the following section.

Responses to the Multiplexed Signal Were Not Uniform. The lower plot
of Fig. 3 shows responses from trial B, in which the same multiplexed signal was
repeated each time a haptic stimulus was presented to the palm. Even though
only a single repeated signal was presented to the palm in trial B, the responses
to that multiplexed signal were not uniform across the narrated events. Adjective
responses were more positive when the signal was labelled as cicadas (19 positive
responses) than when labelled as earthquake (7 positive responses), for example.
This may reflect the different ways that the multiplexed signal used in trial B
resembled the sensations felt with the six distinct signals used in trial A, as will
be discussed in the next section.

Distinct Signals Were Perceived as “More Immersive” than the Multi-
plexed Signal in Most Cases. Comparing the two trials in Fig. 3, participants
generally selected more “immersive” adjectives and fewer “not immersive” adjec-
tives when describing the handcrafted palmScape signals used in trial A than
when describing the repeated multiplexed stimulus used in trial B. This was
true when responses were aggregated across all signals and participants. It was
also true for four of the six signals presented to the palm (frog, thunder, earth-
quake, heartbeat); for each of these signals, participants chose more “immersive”
adjectives and fewer “not immersive” adjectives in trial A than B. One of the
two exceptional cases was cicadas, for which the multiplexed stimulus garnered
responses very similar to the signal specifically designed to imitate a cicada. The
other exception was knock, which was described more neutrally in trial A than
in B but with otherwise similar responses between the two trials.

Notably, the magnitude of the difference between trials A and B was the
greatest for the two signals that garnered the most “immersive” adjective
responses in trial A, frog and heartbeat. For all other signals, the difference in
the number of “immersive” adjective responses in the two trials was small (no
more than 4 adjectives difference).
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Fig. 4. Adjective responses for distinct palmScape signals in trial A (top) and repeated
multiplexed signal in trial B (bottom), for two groups of participants: those who expe-
rienced trial A then trial B (left, n = 15), and those who experienced trial B then trial
A (right, n = 16). The number of “immersive” (white), “neutral” (striped), and “not
immersive” (black) adjective responses aggregated across all n participants are shown
for each of the 6 haptic stimuli presented to the palm in order of first appearance. The
rattling chair stimulus (right of the dotted line) was identical for trials A and B.

The difference in response between the two trials is also apparent when we
divide the participants into two groups based on trial order. The left hand side
of Fig. 4 shows the responses for the 15 participants who experienced the hand-
crafted signals in trial A first (above) and the multiplexed signal in trial B second
(below). These participants gave many more “not immersive” responses in trial
B (49) than they had in trial A (36). For each individual signal presented to the
palm, they selected at least as many “not immersive” adjectives to describe trial
B than they had selected for trial A, with one exception (cicadas).

Likewise, the right hand side of Fig. 4 shows responses for the 16 participants
who experienced trial B (above) then A (below). These participants gave more
“immersive” responses to describe trial A (51) than they had in trial B (42). For
each palmScape signal, they selected more “immersive” adjectives in trial A than
they had in B, with the exception of knock. On the whole, these results suggest
participants responded positively to most of the handcrafted signals after pre-
viously experiencing the multiplexed signal—and responded mostly negatively
to the multiplexed signal after having previously experienced the handcrafted
signals.
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Likert Scores Offer Some Support of Preference for Distinct Signals.
Due to a programming error, the instructions for the Likert score portion of the
questionnaire were inconsistent. Fifteen of the participants were asked, “how
[insert adjective] was the signal?” while the remaining sixteen participants were
asked specifically “how lifelike was the signal?” For the first question, responses
tended to be stronger for the distinct trial A signals than the multiplexed trial B
signal, save for knock and cicadas, though no statistically significant difference
was found between the trials (p = 0.10). For the second question, the distinct
trial A signals were by far perceived as more lifelike than the multiplexed signal
(p << 0.001).

Most Participants—But Not All—Were Aware that the Haptic Sig-
nals Changed Between the Two Trials. When asked “how did it go?” over
half of the participants (18 of 31) mentioned unprompted that the haptic signals
in the second trial felt different than those in the first. Most of those participants
(10 of 18) expressed a preference for the distinct palmScape signals in trial A;
one expressed preference for the multiplexed signal in trial B, and the remainder
(7 of 18) noted the difference but didn’t mention any preference. Those who pre-
ferred the handcrafted palmScape signals described them as “completely differ-
ent,” “much better,” and “more realistic” compared to the “not as clear,” “more
nois[y]” multiplexed signal. Some described differences in perceived magnitude
(i.e. signals in trial A were “stronger,” “closer,” “more aggressive,” “powerful”)
or synchronicity (more “in sync,” “flows better”) that led them to prefer the
handcrafted signals.

Interestingly, other participants were less certain that a change had occurred.
In fact, some (3 of 31) thought there was clearly no difference between the hap-
tic signals in trials A and B. When asked “how did it go?” after experiencing
trial B then trial A, one participant attributed the increased “fun” of the sec-
ond trial to “now knowing what to expect,” supposing that he “could focus
more on calibration between audiovisual and [haptics] on the hand” after expe-
riencing two trials. Another hypothesized that any perceived differences were
attributable to experiencing the signals “separate” from context (while complet-
ing the questionnaire) versus the “immersion” of feeling the signals “together.”
A third participant confirmed in debriefing that he had no idea that trials A
and B featured different signals, or that trial B featured repetitions of the same
signal. The remaining participants (10 of 31) fell somewhere between on the
spectrum between full awareness and total lack of awareness. Many noticed the
multiplexed signal was being repeated only midway through the questionnaire,
after being allowed to replay the signal multiple times.

3.7 Discussion

Touch is a particularly promising channel for enhancing immersion. First, touch
is well-suited for presenting information unobtrusively in the ambience rather
than at the center of attention [7]. Second, touch is inherently affective. We are
socialized to convey intimate emotions through touch, so even haptic feedback
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generated mechanically can be laden with emotional implication [17]. Third,
touch requires proximity. By encroaching on the user’s personal space, touch
has the unique potential to invoke uncomfortable, unsettling, or even creepy
feelings [3,13].

In our everyday lives, we are constantly experiencing haptic sensations that
accompany visual and auditory stimuli. Yet except for a few cases where we focus
on the haptic sensations alone (such as a heartbeat), most haptic sensations do
not convey specific meanings when they are presented alone in the absence of
visual or auditory counterparts. One of the authors vividly remembers how, in
the absence of any auditory stimuli, moving the end effector of a force-feedback
display back and forth gave rise to friction and viscosity perception but not the
mental image of a cello bow. During the development of the palmScape display
[14], each handcrafted vibrotactile signal was explicitly designed for a target
scenario, such as cicadas and thunder. One may argue that such an approach
invariably biased or tainted the users’ perception of the palmScape signals. If
that were the case, then we would expect the signals in trial A to lead to more
positive and neutral adjective responses than that in trial B. A second possi-
bility is that users may exhibit a haptic form of “confirmation bias,” in that
participants can selectively focus on characteristics of a haptic signal that are
relevant to the current context. As long as the haptic signals in either trial A
or trial B contain sufficient features that may lend themselves to the context,
similar adjective responses are expected in trials A and B. The third possibil-
ity is that the adjective responses to the multiplexed signal in trial B would be
more positive than those to the individual haptic signals in trial A. This seems
unlikely given the effort in designing the trial A signals to fit the context they
were mapped to. The results of the present study yield evidence towards the first
two possible outcomes.

In Some Cases Distinct, Handcrafted Signals May be Preferable to a
Multiplexed Signal. For certain events in the present study (heartbeat, frog,
thunder, and earthquake), the handcrafted signals had a more immersive effect
than the multiplexed signal when placed in the same narrative context. In the
most extreme case (heartbeat), perceptions of the signal totally reversed between
the two trials; when presented the handcrafted signal, the majority of partici-
pants chose “immersive” adjectives (e.g. “expected” or “familiar” in a positive
way), whereas for the multiplexed signal, the majority chose “not immersive”
adjectives (“confusing” or “inconsistent”).

It Is Possible to Induce Selective Focus on Specific Characteristics of a
Multiplexed Signal Relevant to the Current Context. For cicadas, results
were similar when the handcrafted and multiplexed signals were presented, with
the majority of participants selecting “immersive” adjectives in both cases. If
anything, participants may have favored the multiplexed signal slightly. Likewise
for knock, results were similar between the two trials, though the multiplexed
signal was the more polarizing of the two options, garnering fewer “neutral”
adjective responses.
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What could account for this variation? Why were only certain handcrafted
signals preferred to the multiplexed signal, whereas in other cases, the multi-
plexed signal was sufficient to garner a similar response? And what role do other
modalities play in inducing focus on selective characteristics of multiplexed sig-
nal? We offer several conceivable possibilities to address these questions:

Suitability of Signals: One explanation is that some handcrafted signals were
more successful than others in fitting their labels. For example, of all the hand-
crafted signals, knock garnered the fewest positive or “immersive” responses. In
fact, the most commonly adjectives chosen to describe it were “simplistic” (4 par-
ticipants) and “boring” (3 participants). Even among the group of participants
who experienced the multiplexed signal before the handcrafted signals—and who
otherwise expressed preference for the handcrafted signals across the board (see
Fig. 4, right)—knock was the one signal that was received more negatively in the
second trial than the first. It is therefore possible that neither the handcrafted
haptic knock nor the multiplexed signal resemble the sensation of a real knock.
It is reasonable that the bias toward handcrafted, artificial haptic signals would
only extend to signals that bear resemblance to the real phenomena they are
intended to imitate.

The inability to disentangle participants’ perceptions of realism and immer-
sion is perhaps a limitation of the present study. Given the open-ended nature of
the adjective selection process, participants were not questioned explicitly about
the appropriateness of the signals. Future studies on this topic could employ a
multidimensional rating system that polls participants about realism and immer-
sion separately, to better understand this potential link. It could also be revealing
to ask participants what they expect each phenomenon to feel like, particularly
phenomena that are not usually experienced haptically. For instance, most par-
ticipants had likely heard or seen cicadas but not held a cicada in their hands.
Exploring what it means for a haptic representation of a typically aural or visual
experience to be “realistic” is a subject ripe for exploration, though beyond the
scope of this study.

Myriad Multiplexings: The particular multiplexed signal employed here
could also be a factor in why participants exhibited bias toward certain hand-
crafted signals but not others. The composite signal used in trial B was created
from the six handcrafted signals using amplitude and frequency modulation [8].
Although care was taken to balance the perceived intensity of the multiplexed
signal against the other palmScape signals, and to conserve the characteristics
of the individual signals, this was a design process done by hand. The result-
ing signal may have borne more resemblance to some palmScape signals than
others. Therefore, it could be that counter balancing modulated amplitude and
frequency parameters to achieve a combination of considerably different hand
crafted signals, which may have originally had various degrees of perceptual
arousal, stripped them of their unique tactile signatures.
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Fig. 5. Spectrograms of the signal on tactor #1 of the palmScape device for the cicadas
(left) and the multiplexed (right) haptic effects. The color scale ranges between 10 dB
(red) and −90 dB (blue) for the energy of the signals. (Color figure online)

To understand how the original and multiplexed signals were rendered on
the palmScape device itself, we utilized spectrograms to compare both outputs.
The purpose of doing so was to ensure limitations in the output efficiency (res-
onance frequency, acceleration, displacement etc.) of the actuation components
utilized within the palmScape device did not affect the results. For that reason,
we focused on energy distribution for both the handcrafted and multiplexed sig-
nals. The spectrograms from Fig. 5 compare the energy distribution of the signals
from the palmScape cicadas (left) and the multiplexed (right) haptic effects. The
spectrograms were estimated using a multitaper approach with 4 Discrete Pro-
late Spheroidal Sequences (or DPSS tapers) and 400 ms-long segments (for more
information about spectrum estimation using DPSS see [16]). Three distinct fre-
quencies at approximately 90, 120 and 150 Hz are constantly present with high
energy in both plots. They are some of the most salient features of the multi-
plexed signal. This similarity may explain the similar responses garnered by the
palmScape cicadas and multiplexed signals when both signals were labeled as
“cicadas.”

Certain haptic features may be more critical than others for characterizing a
signal, and the fact that this relative importance should be taken into consider-
ation when multiplexing various tactile primitives is one of the main outcomes
of this research. We could hypothesize that for some phenomena, frequency and
rhythm variations might be the key and that amplitude variations play a lesser
role. A muffled heartbeat still feels like a heartbeat; even at a lower amplitude,
a heartbeat still maintains the frequency characteristics that makes it so dis-
tinctive. Conversely, amplitude variations are key to conveying the impact and
rumbling decay of a thunderbolt. In fact, in their open-ended responses, fourteen



A Study of the Affordance of Haptic Stimuli in a Simulated Haunted House 195

participants mentioned being underwhelmed by the amplitude of the thunder or
earthquake signals, a comment rarely made of the other four palmScape signals.

There are a whole host of features that could prove essential to defining haptic
phenomena. Perhaps some signals can’t be selectively picked out of a multiplexed
signal at all; the broadband nature of the multiplexed signal might be fitting for
a buzzy cicada but unusual for a crisp, discrete knock on wood. Perhaps some
phenomena are so deeply familiar that they must be rendered exactly to be
effective (like the feel of one’s own heartbeat), while others are abstract enough
to leave room for interpretation (like the arrival of a ghostly spirit). Familiarity,
rhythm, liveliness—these factors and more were not expressly considered in this
study but ought to be explored. One could imagine designing a variety of multi-
plexed signals, each with different features of the constituent signals emphasized,
and comparing their effectiveness in mimicking the original signals. Using this
approach, it would be possible to develop an algorithm to dynamically assign
weights to core parameters of the varied signals, to be multiplexed and achieve
a more consistent outcome. However, as yet this work opens up more questions
than answers.

Inability to Identify Changes Within Tactile Output Parameters: Per-
haps the most unexpected result was participants’ awareness or lack thereof
regarding the multiplexed stimulus. Some participants experienced a haptic ana-
logue to the visual phenomenon of change blindness. To varying degrees, these
participants did not notice that the haptic signals were different in the two trials
or that the multiplexed signal was being repeated. This outcome seems to sup-
port the idea that participants can selectively focus on relevant components of
the multiplexed stimulus. In fact, more than one of these participants mistook
their positive perceptions of the palmScape signals for merely improved focus,
remarking on their newfound ability to notice the differences among the signals
better than they had before. Yet participants who exhibited this effect still fol-
lowed the overall pattern of responding more positively to the distinct trial A
signals than to the trial B signal—even if they justified these changes as the
result of improved clarity. A larger sample size would be useful to determine the
significance of this intriguing trend.

4 Conclusion

This study provides evidence for the utility of vibrotactile stimuli for enhancing
immersion, novelty, and creepiness in a simulated haunted house. Most partici-
pants in the study reported that the haptic signals helped them feel immersed
in the virtual environment. Unique signals that were handcrafted to imitate nat-
ural phenomena were more effective at eliciting this sense of immersion than a
repeated multiplexed signal—with two exceptions. First, the handcrafted knock
signal failed to resemble a real knock, and participants did not prefer it to the
multiplexed signal. This result suggests a bias toward signals that are both dis-
tinctive and evocative of their labels. In another exception, the handcrafted
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cicadas signal and multiplexed signal had similar characteristics in the spectral
domain, and participants gave very similar responses to both signals. In doing so,
participants demonstrated an ability to selectively focus on the relevant features
of the multiplexed signal.

The present study opens up future questions, especially regarding the poten-
tial of multiplexed stimuli. Some participants did not notice the changes in haptic
stimuli between the two trials or failed to note the repetition of the multiplexed
stimulus, which warrants further investigation. New multiplexing algorithms that
give relative weight to specific parameters of the modulated signal could also
yield results more capable of mimicking a wider range of signals. Additional
research may also be required to gauge how the efficiency of actuation compo-
nents (palmScape) being used to create the feedback play a role in delivering
the multiplexed signals to the skin contact. We hope this research and its sub-
sequent findings encourage the design and development of even more evocative
vibrotactile stimuli and novel multiplexing methods.
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Abstract. The consumption of Chinese residents has entered a new stage, chang-
ing from focusing on the material enjoyment brought by the product itself to
focusing on the satisfaction of material and affective needs, and also paying
more attention to the process experience. This article conducted a field survey
of consumers in Guangzhou Sunac Mall, based on the 10 major influencing fac-
tors of shopping environment experience, service experience, activity experience,
preferential promotion experience, parking service experience, and 5-dimensional
format combination experience. Use SPSS tools to perform confirmatory factor,
correlation and regression analysis on the data, and perform statistical tests on the
factors affecting shopping mall consumer attitudes and their relationships. From
its impact on the three dimensions of attitudes, cognitive, affective and behav-
ioral, construct a model of the influence of shopping mall consumer attitudes. It
is expected to provide a reference for the improvement and upgrading of shop-
ping malls in terms of core IP, business combination, service system, shopping
environment, and physical facilities.

Keywords: Consumer attitudes · Experiential marketing · Shopping mall ·
Guang-zhou Sunac Mall

1 Introduction

The emergence of shopping mall marked a leap forward in the global retail industry
in the 20th century. The convenience, multiple options and entertainment features of
shopping malls have had a significant impact on the world economy and residents’ lives
and have played an increasingly important role in urban industrial upgrading, business
environment improvement, and social and economic development.

Entering the 21st century, the supply of large-scale shoppingmalls in China is contin-
uing to increase, and the scope of residents’ consumption choices is expanding, therefore,
the development environment of shopping malls becomes more and more severe. The
continuous integration of new media and new technologies as well as the emergence of
new retail formats also pose more severe challenges to traditional shopping malls. At
the same time, the consumption of Chinese residents has reached a new level, changing
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from focusing on the material enjoyment brought by the product itself to focusing on
the satisfaction of material and emotional needs, and also paying more attention to the
process experience. During the consumption process, the experience brought about by
the relevant environment, services, and business formats that customers are exposed to
has an increasing influence on the improvement of consumer attitudes.

Therefore, this article study from the perspective of the influencing factors of
experiential marketing on consumer attitudes, conducted a field survey of consumers
in Guangzhou Sunac Mall, based on 10 major influencing factors which include 5-
dimensional format combination experience. Then use SPSS tools to perform confir-
matory factor, correlation and regression analysis on the data, and perform statistical
tests on the factors affecting shopping mall consumer attitudes and their relationships.
From its impact on the three dimensions of attitudes, cognitive, affective and behavioral
tendencies, construct a model of the influence of shopping mall consumer attitudes. It
is expected to provide a reference for the improvement and upgrading of large shopping
malls in terms of core IP, business combination, service system, shopping environment,
and physical facilities.

2 Literature Review

2.1 Experiential Marketing

Since 1982, two American scholars Holbrook and Hirschman [1] introduced the concept
of "experience" into consumer and marketing research in their pioneering classic paper,
this concept has gradually become a core concept of understanding consumer behavior
[2]. " Experience arise when consumers search for products, shop and receive services,
as well as consumer products or brands [3].

The existing research mainly involves product experience, shopping and service
experience, consumer experience and brand experience. (1) Product experience: arising
from the interaction between consumers and products, such as consumer search, inspec-
tion and evaluation of products. When consumers have physical contact with the product
the product experience is direct but when the product is virtually presented or present
in advertising the product experience is indirect. (Hamilton et al. 2007) (2) Shopping
and service experience: When consumers interact with store’s physical environment,
service staff, policies, and management practices, a shopping and service experience is
created (Arnould et al. 2005). (3) Consumer experience: When consumers consume or
use the products, consumption experience will be produced.Most explanatory studies on
consumption experience have analyzed the consumption processes of visiting museums,
rafting, enjoying basketball games, skating and their hedonistic goals. (4) Brand expe-
rience: Brand experience refers to a subjective internal (sensory, emotional, cognitive)
response and behavioral response caused by the brand-related stimuli of consumers.
Related stimuli include brand design, brand identification, packaging, communication,
and the environment [4].

Brakus et al. (2009) follow the rigorous scale development procedures to construct a
brand experience scale that accordwith the psychometric standards start frommarketing,
philosophy, cognitive science, management practice. They divide the brand experience
into four dimensions: sensory, affective, behavioral, and intellectual [5].
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2.2 Consumer Attitude Theory

The term “attitude” was first proposed as a psychological concept, which refers to the
stable and continuous psychological tendency of an individual to a certain object. It was
later introduced into the field of consumer psychology as the core concept of consumer
psychology research. Different scholars have different definitions of attitudes, as shown
in Fig. 1:

Fig. 1. Definition of attitude by scholar

The two widely recognized models in attitude research are the ABC model and the
multi-attribute model of Fishbein, both of which establish connections between attitude
and purchase intention (Guo Guoqing 2003) [6].

The ABC model believes that attitude includes three elements: affective, behavioral
and cognitive. The model assumes that the consumer is a reasonable person to system-
atically process or utilize the relevant information as much as possible. So the model
argue that “the consumer thinks fully about later action”. There are different levels of
effectiveness between the three elements of attitude, as follows: the high level of partic-
ipation (effective order is cognitive, affective, behavioral), the low level of participation
(effective order is cognitive, behavioral, affective), and the experience level (effective
order is affective, behavioral, and cognitive).

Fishbein’s multi-attribute model is a compensation model for brand attributes, in
which consumers can compensate for its defects in another with the advantage of one
brand on one attribute, and the consumer determines its attitude towards the brand by the
sum of all attributes. Fishbein’s ABC attitude model deem the attitude is composed of
cognitive, affective and behavioral tendency. Between the three is not a single influence
on attitude output, but emphasizes the influence through themutual relationship between
the three. All three factors are important factors. The model can be applied to study the
influence of consumer attitude in multiple scenarios.
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2.3 Research on the Influence Factors of the Consumer Attitudes or Purchase
Intentions in Shopping Centers

For shopping center, the affective, cognition and purchase intention, is themost important
dimension of the enterprise. Research the factors andmake consumer has a better feeling
to improve its purchase intention, that is, have a good attitude to commercial real estate,
can help commercial real estate to improve its profit level and customer loyalty. Many
experts and scholars have studied and analyzed the influencing factors of consumption
attitude and purchase, as summarized in Table 1.

Table 1. Impact consumer attitudes or purchase intentions in shopping mall

Scholar Object of study Influence factor

Schmitt (1999) [7] Mall Sociocultural environment, use
and consumption scenarios,
product experience, and brand
experience

Wen Tao (2007) [8] Department store Customer, situation, and traffic
factors

Mi Xue (2008) [9] Department store The diversity of the store
formats, the quality of the
products, the store convenience
felt by the consumers, the store
name, trademarks and signs,
the service level of the store
staff, and the experience of the
internal environment

Ge Xiangxi (2009) [10] General merchandise enterprise The complexity of the product,
the services provided by the
mall, and its internal
environment

Wang Xianqing (2010) [11] Shopping mall Attraction of main stores,
merchant combination factors,
non-business form combination
factors, commodity cost
performance combination
factors, environmental factors,
personnel and service factors,
site selection factors, overall
and lasting customer gathering
force

(continued)
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Table 1. (continued)

Scholar Object of study Influence factor

Zhao Jing (2014) [12] Large retailers Impact consumer engagement:
online factors are community
involvement, website
attraction, convenience,
entertainment and customer
satisfaction; offline factors are
reputation, scale perception,
conversion cost, offline trust

Zhang Hui (2015) [13] Shopping mall Environmental factors,
employee factors, convenience
factors, leisure and
entertainment factors, and
commodity factors

In summary, the existing research on shopping mall focuses on the power of cus-
tomer’s gathering, consumer behavior, preference. Except the factors to macro envi-
ronmental factors, such as policy, economy, history, the main influence factors are the
commercial real estate stores, business combination, shopping environment, products,
services, brand effect, etc. Traditional retail pays more attention to brand, price, trans-
portation, environment and other factors, while modern retail adds service, personnel
interaction, leisure and other content.

This paper takes Guangzhou Sunac Mall and its consumer customers as the research
object, takes the ABC attitudemodel as the theoretical basis, and constructs the influence
model of SunacMall’s consumer attitude from the three attitude dimensions of cognitive,
affective and behavioral. Based on the research results of other scholars and the practical
research indicators of the commercial real estate consulting company Winshang.com,
the 10 influencing factors of shopping mall experience marketing have been determined,
including shopping environment experience, service experience, activity experience,
preferential promotion experience, parking service experience, and 5 dimensions of
business combination experience. Use SPSS tool to carry out confirmatory factor, corre-
lation and regression analysis on the data, and carry out statistical test on the influencing
factors of shopping mall consumer attitude and their relationship. This paper fills the
gap of existing research to a certain extent, and also has some reference significance for
the research of other shopping malls.

3 Study Design and Descriptive Statistical Analysis

3.1 Research Objects and Data Sources

The shoppingmall studied in this paper—Guangzhou SunacMall, its developer is Sunac
China Holdings Co., Ltd. Sunac China, which was established in 2003. Through high-
quality products, services+high-end residence, cultural tourism, commercial supporting
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resources, etc., it provides Chinese families with a perfect solution for a better life, which
is highly recognized by customers.

Guangzhou Sunac Mall is located in the Guangzhou Airport Economic Circle, on
the central axis of the CBD of Huadu District, with a total area of about 346,000 square
meters, ofwhich the commercial operationpart is about 107,000 squaremeters.As a stage
for one-stop experience of eating, drinking and playing in Sunac Cultural Tourism City
CIMC, SunacMall’smain body has 4 floors and over 160 brands. In addition, SunacMall
is adjacent to Sunac Water World, SnowWorld and Sports Paradise, giving consumers a
new large-scale experience commercial place integrating tourism, entertainment, eating
and drinking, which stands out in traditional commercial real estate.

This paper conducts a questionnaire survey on consumers of Guangzhou Sunac
Mall. A total of 203 questionnaires were recovered in this survey, 14 invalid samples
were excluded, and 189 valid questionnaires were obtained. Among the 189 valid ques-
tionnaires returned, men accounted for 33.3% and women accounted for 66.7%, which
is in line with the market situation that there are slightly more female customers than
male customers in shopping malls. In terms of family status, the largest proportions are
“single living alone/sharing with friends, colleagues and classmates” and “living with
parents or other relatives”, accounting for 38.6% and 32.3% respectively, followed by
“couples/third generations together, existing children (under 18 years old)” and “living
with men/girlfriends” accounted for 12.7% and 7.9%. Its monthly disposable income
range is dominated by 1,000 to 5,000, followed by 5,000 to 7,000. It can be seen from
the above data that the recovered samples of this questionnaire survey basically cover
the main customer groups of Sunac Mall in terms of gender, family status and monthly
disposable income.

3.2 Research Hypothesis and Model Construction

This paper conducts a questionnaire survey based on the ABC attitude model, and
constructs a consumer attitude influence model from the three attitude dimensions of
Cognitive, Affective and Behavioral.

Based on the research results of other scholars and the practical research indicators
of the commercial real estate consulting company Winshang.com, the 10 influencing
factors of shopping mall experience marketing have been determined, including shop-
ping environment experience, service level experience, activity experience, preferential
promotion experience, parking service experience, and 5 dimensions of business com-
bination experience. Use SPSS tool to carry out confirmatory factor, correlation and
regression analysis on the data, and carry out statistical test on the influencing factors
of shopping mall consumer attitude and their relationship. The influence model is con-
structed from the influence of experiential marketing on the three attitude dimensions of
cognition, affection and purchase behavior. The influencing variables and measurement
items are shown in Table 2.
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Table 2. The variable measurement items of experiential marketing’s impact on consumption
attitudes

Module Variable Secondary indicators Measurement item

Experiential
marketing

Shopping
environment
experience

– Comfortable interior decoration
environment (spacious, sanitary,
bright, etc.)
Distinctive architectural style
Internet celebrity check-in
place/shop
Rich and complete supporting
facilities (mother and baby room,
rest seats, drinking water, etc.)
Shopping environment and
public facilities are not crowded
High quality of customers

Service
experience

– Clear guidelines for shopping
mall ancillary facilities, such as
WiFi/clear guidelines
Service staff have the
enthusiasm to help customers
solve problems
Service staff can respond to
customer requests in a timely
manner
The service staff always treat
customers politely and make
customers feel comfortable
Service staff understand
customer needs and preferences
Attractive membership system

Activity
experience

– Rich shopping mall theme
activities
Attractive shopping mall theme
activities (excluding discounts
and preferential promotions)

Preferential
promotion
experience

– Frequent preferential promotions
and discounts in shopping malls
Great preferential promotions in
shopping malls

(continued)
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Table 2. (continued)

Module Variable Secondary indicators Measurement item

Parking service
experience

– There are plenty of free parking
spaces in the mall
Parking fees in shopping malls
are within an acceptable range
The mall has plenty of different
parking facilities

Business
combination
experience

Retail experience There are more comprehensive
fashion clothing collection stores
and characteristic brands. There
are favorite
clothing/shoes/bags/skincare
cosmetics brands; fashionable
clothing styles and many
cosmetic brands; supermarket
goods are complete and
attractive

Food and beverage
experience

There are many types of meals,
many options for dinner, and a
wide range of snacks. There are
exotic restaurants with special
flavors, restaurants suitable for
leisure/afternoon tea, and
themed casual dining bars/bars.
There are favorite catering
brands, Internet celebrity
catering brands, bakery desserts,
tea and other food brands

Entertainment
experience

The entertainment industry is
rich, and there are new and
interesting leisure and
entertainment. There are
high-quality cinemas and KTVs,
Internet cafes and video games,
gyms, ball sports venues, and
leisure places, such as
bookstores, tea houses, etc.

(continued)
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Table 2. (continued)

Module Variable Secondary indicators Measurement item

Life service experience The shopping center has a wide
variety of beauty, health, beauty
and body services (beauty,
hairdressing, manicure, etc.).
There are brands of photo
studios and photography
services. There are related
brands that provide convenience
services, such as laundry care,
housekeeping intermediaries,
etc. Stores with travel service
types, such as travel agencies,
ticket sales points, etc.

Parent-child
experience

The shopping center has a wealth
of children’s retail brands,
children’s amusement brands,
children’s education brands, and
high-quality children’s education
brands. There are types of
maternal and child services such
as confinement centers, baby
swimming pools, etc.

Attitude
variables

Cognitive – I think Sunac Mall is the largest
and most complete commercial
complex in Huadu District
I think Sunac Mall can meet my
shopping needs
I think Sunac Mall can meet my
entertainment needs
I think Sunac Mall can meet my
food needs
I think Sunac Mall’s facilities,
services and goods are very good

Affective – I prefer Sunac Mall
I trust Sunac Mall more
I am more interested in Sunac
Mall

(continued)
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Table 2. (continued)

Module Variable Secondary indicators Measurement item

Behavioral – When I need to shop, I prefer to
go to Sunac Mall
When I need entertainment, I
prefer to go to Sunac Mall
When I need food, I prefer to go
to Sunac Mall
Sunac Mall has become an
indispensable part of my life
I would like to recommend
Sunac Mall to others

This paper will propose hypotheses H1, H2, H3 based on the mutual influence within
the ABC attitude model. The independent variables are 10 major influencing factors
(including 5 secondary subdivision variables of business combination), and the depen-
dent variables are cognitive, affective, behavioral. Hypotheses H4–H33 are proposed to
form a hypothetical model. The hypothetical model is shown in Fig. 2.

Consumer attitudes internal influence relationship hypothesis:

• H1: The higher the consumer’s cognitive attitude towards Sunac Mall, the higher the
purchasing behavior of Sunac Mall’s products.

• H2: The higher the consumer’s cognitive attitude towards SunacMall, the higher their
affective attitude towards Sunac Mall’s products

• H3: Consumers’ cognitive attitude towards Sunac Mall affects their affective attitude,
which in turn affects their purchasing behavior tendency to Sunac Mall’s products

The influence of shopping environment experience on consumer attitudes:

• H4: The better the shopping environment of Sunac Mall, the better the consumers’
cognitive attitude towards Sunac Mall

• H5:Thebetter the shopping environment of SunacMall, the better the affective attitude
of consumers towards Sunac Mall

• H6: The better the shopping environment of Sunac Mall, the higher the attitude of
consumers towards the purchase behavior of Sunac Mall’s products

• The effect of service experience on consumer attitudes:
• H7: The better the service level provided by the service personnel of Sunac Mall, the
better the consumers’ cognitive attitude towards Sunac Mall

• H8: The better the level of service provided by the service personnel of Sunac Mall,
the better the affective attitude of consumers towards Sunac Mall

• H9: The better the level of service provided by the service personnel of Sunac Mall,
the higher the attitude of consumers towards the purchase of Sunac Mall’s products
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The influence of activity experience on consumer attitudes:

• H10: The higher the consumer’s evaluation of the experience of the activities held by
Sunac Mall, the better the consumer’s cognitive attitude towards Sunac Mall.

• H11: The higher the consumer’s evaluation of the experience of the activities held by
Sunac Mall, the better the consumer’s affective attitude towards Sunac Mall

• H12: The higher the consumer’s evaluation of the experience of the activities held
by Sunac Mall, the higher the attitude of consumers towards the purchase of Sunac
Mall’s products.

The influence of preferential promotion experience on consumer attitudes:

• H13: The higher the degree of preferential promotion of Sunac Mall’s products, the
better the consumers’ cognitive attitude towards Sunac Mall.

• H14: The higher the degree of preferential promotion of Sunac Mall’s products, the
better the consumers’ affective attitude towards Sunac Mall.

• H15: The higher the degree of preferential promotion of Sunac Mall’s products, the
higher the attitude of consumers towards the purchase of Sunac Mall’s products.

The influence of parking service experience on consumer attitudes:

• H16: The better the parking service provided by SunacMall, the better the consumers’
cognitive attitude towards Sunac Mall

• H17: The better the parking service provided by Sunac Mall, the better the affective
attitude of consumers towards Sunac Mall

• H18: The better the parking service provided by Sunac Mall, the higher the attitude
of consumers towards the purchase of Sunac Mall’s products

The influence of business combination experience on consumer attitudes:

• H19-H23: The types of retail, catering, entertainment, life services, and parent-child
business within Sunac Mall, the higher the degree to which they can meet the needs
of consumers, the better the consumers’ cognitive attitude towards Sunac Mall.

• H24-28: The types of retail, catering, entertainment, life services, and parent-child
business within Sunac Mall, the higher the degree to which they can meet the needs
of consumers, the better the affective attitude of consumers towards Sunac Mall.

• H29-33: The types of retail, catering, entertainment, life services, and parent-child
business within Sunac Mall, the higher the degree to which they can meet the needs
of consumers, the higher the attitude of consumers towards the purchase of Sunac
Mall’s products.
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Fig. 2. Hypothetical model

3.3 Descriptive Statistical Analysis

Statistical Analysis of Consumer Attitude Dimension. In this survey, the overall
evaluation of the consumer groups on Guangzhou Sunac Mall is divided into three
points: cognitive, affective and behavioral attitude. Each aspect is set up with more than
three measurement items. The average score statistics are shown in Table 3.

Table 3. Descriptive statistics of consumer attitudes (N = 189)

Measurement item Mean Standard deviation Variance

RZ Cognitive 3.82 0.5127 0.263

RZ-1 I think Sunac Mall is the largest and most
complete commercial complex in Huadu District

4.01 0.688 0.473

RZ-2 I think Sunac Mall can meet my shopping
needs

3.70 0.790 0.625

RZ-3 I think Sunac Mall can meet my
entertainment needs

3.80 0.701 0.491

RZ-4 I think Sunac Mall can meet my food needs 3.83 0.790 0.624

(continued)
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Table 3. (continued)

Measurement item Mean Standard deviation Variance

RZ-5 I think Sunac Mall’s facilities, services and
goods are very good

3.76 0.687 0.472

QG Affective 3.60 0.64913 0.421

QG-1 I prefer Sunac Mall 3.67 0.735 0.541

QG-2 I trust Sunac Mall more 3.52 0.748 0.559

QG-3 I am more interested in Sunac Mall 3.60 0.797 0.635

GM Behavioral 3.41 0.68142 0.464

GM-1 When I need to shop, I prefer to go to Sunac
Mall

3.53 0.796 0.633

GM-2 When I need entertainment, I prefer to go to
Sunac Mall

3.54 0.847 0.718

GM-3 When I need food, I prefer to go to Sunac
Mall

3.60 0.938 0.879

GM-4 Sunac Mall has become an indispensable
part of my life

2.91 1.056 1.114

GM-5 I would like to recommend Sunac Mall to
others

3.48 0.879 0.772

Total 3.61 0.77 0.61

It can be seen from Table 3 that in the 5-point evaluation scale, the overall score
of consumers’ attitude towards Sunac Mall is 3.61 points, indicating that consumers
generally have a high evaluation of Guangzhou Sunac Mall. Among the three attitude
dimensions, cognitive attitude has the highest score, reaching 3.82 points, affective
attitude is the second, and behavioral attitude is lower.

In the detailed measurement items, in terms of cognitive attitude, it is considered that
“Sunac Mall is the largest and most complete commercial complex in Huadu District”
and “Sunac Mall can meet the needs of food and entertainment” has high scores. In
terms of affective attitude, consumers have higher scores for “more like Sunac Mall”
and “more interested in Sunac Mall”. It shows that consumers have a high evaluation of
Sunac Mall’s cognition and affective attitude, which is basically consistent with Sunac
Mall’s positioning. In the behavioral attitude, “I prefer to go to Sunac Mall when I
need catering and entertainment”, which indicates that Sunac Mall can better meet the
needs of consumers in terms of entertainment and catering. The relatively low scores in
shopping, life and recommending to others indicate that Sunac Mall has not been able
to well match the needs of consumers in these aspects and needs to be further improved.

Descriptive Statistical Analysis of Influencing Factors of Consumption Attitude. It
can be seen from Table 4 that consumers’ satisfaction evaluation score for Sunac Mall’s
experiential marketing is 3.60 points, which is very close to the total evaluation score
of consumers’ attitude towards Sunac Mall, which is 3.61 points. The overall evaluation
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of Sunac Mall by consumers is good. Among them, the satisfaction of shopping envi-
ronment, catering format and parking service is relatively high and can be maintained
continuously; the score of life service format is the lowest and needs to be optimized and
improved; the score of preferential promotion, parent-child format and service level is
the second lowest and needs to be further adjusted according to the needs of consumers.

Table 4. Average score of experiential marketing consumer satisfaction (N = 189)

Influencing factors Satisfaction score

Shopping environment experience 3.76

Food and Beverage Experience 3.71

Parking service experience 3.64

Activity experience 3.63

Retail experience 3.62

Entertainment experience 3.59

Service experience 3.56

Parent-child experience 3.56

Preferential promotion experience 3.52

Life service experience 3.36

Total 3.60

4 Empirical Research

4.1 Reliability and Validity Test

Using SPSS25 to conduct reliability analysis, it can be seen from Table 5 that the
Cronbach’α coefficient of the overall scale is higher than 0.7, and all higher than the
coefficients of 13 variables, and the scale has excellent reliability. The standard load
coefficients of the corresponding analysis items in the 13 dimensions are all greater than
0.5, and the p-values are significant, indicating that each analysis item is highly repre-
sentative; at the same time, the CR values are all greater than 0.6, the AVE is higher than
0.36, and the square root of the AVE of the variable is both It is not significantly lower
than the correlation coefficient, and the validity of the comprehensive scale is good.
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Table 5. Reliability and validity analysis

Variable
dimension

Cronbach’α Analysis item Standard load factor Sig. CR AVE

Cognitive 0.739 RZ1 0.53 – 0.73 0.36

RZ2 0.57 .000

RZ3 0.57 .000

RZ4 0.57 .000

RZ5 0.75 .000

Affective 0.814 QG1 0.85 – 0.82 0.61

QG2 0.71 .000

QG3 0.77 .000

Behavioral 0.807 GM1 0.80 – 0.81 0.47

GM2 0.60 .000

GM3 0.65 .000

GM4 0.72 .000

GM5 0.62 .000

Shopping
environment
experience

0.813 HJ1 0.65 – 0.81 0.42

HJ2 0.66 .000

HJ3 0.65 .000

HJ4 0.68 .000

HJ5 0.55 .000

HJ6 0.71 .000

Service
experience

0.868 FW1 0.69 – 0.87 0.53

FW2 0.75 .000

FW3 0.76 .000

FW4 0.74 .000

FW5 0.77 .000

FW6 0.64 .000

Activity
experience

0.704 HD1 0.69 – 0.70 0.54

HD2 0.71 .000

Preferential
promotion
experience

0.817 YH1 0.87 .000 0.82 0.70

YH2 0.77 .000

Parking service
experience

0.521 TC1 1.00 – 1.00 0.99

TC2 0.99 .000

TC3 0.99 .000

Retail
experience

0.891 LS1 0.75 – 0.89 0.58

(continued)
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Table 5. (continued)

Variable
dimension

Cronbach’α Analysis item Standard load factor Sig. CR AVE

LS2 0.77 .000

LS3 0.80 .000

LS4 0.79 .000

LS5 0.74 .000

LS6 0.72 .000

Food and
beverage
experience

0.886 CY1 0.71 – 0.89 0.47

CY2 0.61 .000

CY3 0.68 .000

CY4 0.68 .000

CY5 0.73 .000

CY6 0.65 .000

CY7 0.72 .000

CY8 0.67 .000

CY9 0.72 .000

Entertainment
experience

0.864 YL1 0.61 – 0.88 0.52

YL2 0.61 .000

YL3 0.44 .000

YL4 0.79 .000

YL5 0.83 .000

YL6 0.79 .000

YL7 0.75 .000

Life service
experience

0.857 SH1 0.67 – 0.87 0.62

SH2 0.88 .000

SH3 0.80 .000

SH4 0.77 .000

Parent-child
experience

0.604 ET1 1.00 – 1.00 0.99

ET2 1.00 .000

ET3 1.00 .000

ET4 1.00 .000

ET5 0.98 .000

Overall scale 0.923 – – – – –



214 Y. Cui et al.

4.2 Correlation Analysis and Regression Analysis

Correlation analysiswas carried out on the 13 variables in this study, and itwas concluded
that there was a positive correlation between the variables, which was used as the basis
of regression analysis.

Consumer Attitudes Internally Influence Relationships. Based on the theoretical
basis of ABC attitude, the step-by-step regression test method is used. From Table 6,
the regression model 1 is established for cognitive attitudes and purchasing behavior
attitudes. There is a significant positive correlation, Hypothesis 1 was established. A
regression model 2 was established for cognitive attitudes and affective attitudes. The
results showed that the R-square value was 0.436, which was an increase of 0.185
compared with model 1, and the p value was 0.000, which had a significant positive
correlation. Hypothesis 2 was established.

Model 3 takes cognitive and affective attitudes as independent variables, andpurchase
behavioral attitudes as dependent variables for analysis. The results show that the p
value between cognitive and purchase behavior is 0.830, which is not significant, and
the p value between affective and purchase behavior is 0.000, which is very significant.
Therefore, the complete mediating effect of affective attitude is established. Cognitive
attitude affects consumers’ purchasing behavioral attitude by affecting affective attitude.
Hypothesis 3 is established.

Table 6. Analysis of the mediating effect of cognitive, affective and behavioral attitude

Behavioral (Model 1) Affective (Model 2) Behavioral (Model 3)

B t p B t p B t p

Constant 0.868** 2.680 0.008 0.407 1.520 0.13 0.553* 2.203 0.029

Cognitive 0.666** 7.921 0.000 0.836** 12.016 0.000 0.019 0.215 0.830

Affective 0.775** 11.384 0.000

R2 0.251 0.436 0.559

Adjust R2 0.247 0.433 0.554

F value F(1,187) = 62.739, p =
0.000

F(1,187) = 144.392, p =
0.000

F(2,186) = 117.743, p =
0.000

The Influence of Predictors on Consumer Attitudes. Analyze the relationship
between the 10 influencing factors of consumer attitudes and cognitive, affective, and
behavioral, and build regression models I, II, and III respectively., as shown in Table7.
The three models have R2 > 0.4, F > 11, the significance is less than 0.05, indicating
that the models have a good degree of fitting. The DW value is close to 2, the tolerance
is greater than 0.1, and the VIF is less than 10, indicating that the model basically has
no autocorrelation and multicollinearity problems.
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The regression results of model I show that the Beta values of service level, life
service experience, and preferential promotion are 0.309, 0.363, and 0.283, respectively,
and the significance is less than 0.05, that is, the service level, life service format, and
preferential promotion has a positive and significant impact on consumers’ cognitive
attitudes, Hypotheses 7, 13, 22 are supported.

The regression results ofModel II show that theBeta values of children’s parent-child
business formats are 0.455 and 0.003 respectively, which means that it has a positive and
significant impact on consumers’ affective attitudes. Hypothesis 28 is supported. The
Beta values of the shopping environment are 0.320 and the significance is 0.031, that is,
the shopping environment has a positive and significant impact on consumers’ affective
attitudes, and Hypothesis 5 is supported.

The regression results of Model III show that the Beta value of the parking service
is 0.611, and the significance is 0.000, that is, it has a positive and significant impact on
the attitude of consumers’ purchasing behavior. Hypothesis 18 is supported; the Beta
value of the shopping environment is 0.470, and the significance is 0.001., that is, it has
a positive and significant impact on consumer purchasing behavior attitude, Hypothesis
6 is supported.

Table 7. Regression analysis of influencing factors and attitudes

Model Influencing
factors

Standardized
coefficient

Sig. Collinearity
Statistics

R2 F p DW

Beta Tolerance VIF

Model I
Cognitive

Service
experience

0.309 0.049 0.583 1.716 0.576 14.491 .000 1.988

Life service
experience

0.363 0.017 0.640 1.561

Preferential
promotion
experience

0.283 0.033 0.820 1.219

Model II
Affective

Parent-child
experience

0.455 0.003 0.884 1.131 0.408 11.379 .000 2.015

Shopping
environment
experience

0.320 0.031 0.884 1.131

Model III
Behavioral

Parking
service
experience

0.611 0.000 0.669 1.495 0.408 11.379 .000 2.015

Shopping
environment
experience

0.470 0.001 0.783 1.277
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4.3 A Revised Model of the Influence of Consumer Attitudes

Based on the mutual influence within the ABC attitude model, this paper proposes three
research hypotheses. According to the regression analysis results, all three hypotheses
are supported. The 30 research hypotheses proposed in this paper on the influencing
factors of experiential marketing on consumer attitudes, through empirical research, the
following 7 hypotheses are supported.

• H1: The higher the consumer’s cognitive attitude towards Sunac Mall, the higher the
purchasing behavior of Sunac Mall’s products.

• H2: The higher the consumer’s cognitive attitude towards SunacMall, the higher their
affective attitude towards Sunac Mall’s products

• H3: Consumers’ cognitive attitude towards Sunac Mall affects their affective attitude,
which in turn affects their purchasing behavior tendency to Sunac Mall’s products

• H5:Thebetter the shopping environment of SunacMall, the better the affective attitude
of consumers towards Sunac Mall

• H6: The better the shopping environment of Sunac Mall, the higher the attitude of
consumers towards the purchase behavior of Sunac Mall’s products

• H7: The better the service level provided by the service personnel of Sunac Mall, the
better the consumers’ cognitive attitude towards Sunac Mall

• H13: The higher the degree of preferential promotion of Sunac Mall’s products, the
better the consumers’ cognitive attitude towards Sunac Mall

• H18: The better the parking service provided by Sunac Mall, the higher the attitude
of consumers towards the purchase of Sunac Mall’s products

• H22: The life service experience has a significant positive impact on consumers’
cognitive attitude. The more the business type of Sunac Mall’s life service can meet
the needs of consumers, the better the consumer’s cognition of Sunac Mall.

• H28: Parent-child business experience has a significant positive impact on affective
attitudes. The higher the degree to which the parent-child business types of Sunac
Mall can meet the needs of consumers, the better the consumers’ affective experience
with Sunac Mall.

The modified impact model is shown in Fig. 3.

Fig. 3. Influence relationship correction model
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5 Conclusion and Suggestion

The results of this research show that (1) shopping environment experiencehas significant
positive impact on consumer affective and behavioral attitude; (2) service experience,
preferential promotion and life service experience has significant positive impact on
cognitive attitude; (3) parent-child experience has significant positive impact on affec-
tive attitude; (4) parking service has significant positive effect on behavioral attitude; (5)
cognitive attitude has significant positive correlation with affective attitude and behav-
ioral attitude. The cognitive attitude influence behavioral attitude by influencing affective
attitude.

Based on the above research conclusions and the descriptive statistical analysis
results of consumers onGuangzhouSunacMall, this paper puts forward six improvement
suggestions, in order to form executable and valuable suggestions for the development
and operation of Guangzhou Sunac Mall and other large shopping mall.

5.1 Suggestions Based on the Parent-Child Business Experience

• Optimize the current children’s parent-child brand, replace the original brand with
poor customer effect. Introduce more quality-oriented, well-known child parent-child
brands and children’s quality to expand education brands. At the same time, try to
launch children or parent-child projects and surrounding areas with Sunac Snow
World, Water World and Sports Park.

• On parent-child entertainment, create children’s exclusive services, and hold children
parent-child activities by reconciling intelligent software, robot, etc., with entertain-
ment, catering and education. For example, increase VR experience hall or organize
special activities, such as the animal world, galaxy phantom, ocean world and other
diversified theme scene to open a special parent-child interaction. This can improve
the mall of parent-child interaction experience.

5.2 Suggestions for Improvement Based on Life Service Business Experience

• Make appropriate adjustment and supplement to the existing store life service brands.
Introduce quality brands in pet service, health care, hairdressing and beauty categories.

• Innovative life services are forming a trend. We can introduce innovative service
brands, such as Haima photo studio, KOKOWAN, etc., or combined with the diver-
sified characteristics of internal skiing and park, to carry out characteristic activities
such as “one-stop diversified experience of Sunac” and “one stop to enjoy the style
of the four seasons”.

5.3 Suggestions for Improvement Based on the Service Experience

• In the operation of the WeChat official account platform, you can push the brand
preferential promotion, preferential promotion activities, life small encyclopedia and
other customer preference content. Secondly, promote user activity and stickiness
through integral offset and gift exchange. Finally, realize the intellectualization and
automation of member points, simplify the parking preferential exchange process,
and improve the parking exchange experience of the car members.
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• Provide convenient services, such as renting umbrellas, free hot water, charging port
/ charging facilities, clean trash cans and clear identification, etc.

• Improve the attitude and effectiveness of service personnel reception, and set up online
public account or offline reception guidance.

5.4 Suggestions for Improvements Based on Parking Services Experience

• For entering the parking lot, the outside parking guidance’s main goal is beautiful and
clarity. After parking, the walking route and logo can be optimized and improved.

• For departure payment link, it can strengthen the personnel diversion of traffic flow
during peak hours, and reduce the parking charging standard and fast charging appro-
priately. Members can redeem free parking vouchers for three hours four times a
month.

5.5 Suggestions for Improvement Based on Preferential Promotions Experience

• Strengthen the management of the online public account platform, and timely update
the information of preferential promotions in shopping malls.

• Create a variety of preferential promotions. Such as the new store can hold prefer-
ential promotional activities, and the members can enjoy preferential benefits if they
consume for many times.

• Promote activities by combining with festival theme, such as interactive activities
such as brand runway shows, music festivals and creative fairs.

5.6 Suggestions for Improvement Based on the Shopping Environment
Experience

• In public environment designing, the external wall advertising of shopping malls
can add creative and beautiful theme elements, such as specific festivals or seasonal
elements, hot topic elements, etc., and can strengthen the ornamental nature of green
plants.

• In IP operation, integrate the original IP image into the shopping mall’s art exhibition,
staff clothing, publicity and preferential promotion operation, to make the shopping
mall more personalized charm and emotional temperature. You can also set up char-
acteristic clock points, launch IP peripheral products, joint ride products. At the same
time, in conduct propaganda, IP can be integrated into the public account tweets and
the art exhibitions to unify the IP image. It will be easier to form a memory point and
to spread by creating scenes.

• In scenic spot operation, realize the function from single to multiple. We will improve
the functions of leisure, parent-child, entertainment, art, food, tourism, and social
networking, etc. In the scenic shopping centers, increase the personal experience
activity, especially the parent-child business and life service business.
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Abstract. This paper compares data and results from two different surveymodes:
a probability sampled postal survey and a nonprobability sampled online panel.
Our main research objective was to explore if there are differences between the
sample methods in terms of nonresponse, item response bias, and selectivity. Both
the postal survey and online panel data consist of Finns aged 18–74. Altogether,
2470 respondents were included in the probability sample gathered randomly
from the population register of Finland (sample size was 8000 with a response
rate of 30.9%), and 1254 respondents were from an online panel organized by a
market company. We collected the data in late 2017. The findings confirmed that
an online panel can improve the representativeness by includingmore respondents
from groups that are underrepresented within the traditional probability sample.
However, we found that panel respondents were more likely to leave unanswered
questions perceived as sensitive,whichmaybe a sign of ameasurement bias related
to intrusiveness. Moreover, the results indicated selection differences between
samples related to respondents’ media interests.

Keywords: Online panel data · Survey research · Representativeness ·
Measurement error · Selectivity

1 Background

1.1 Introduction

The traditional probability samplingmethod in survey research has recentlymet growing
difficulties linked to rising data collection costs and decreasing response rates [1]. At
the same time, using online panels (e.g., Qualtrics, Dynata, Ipsos Mori) in research and
as a source of different kinds of polls has become increasingly common. They offer a
relatively cost-effective and fast way to access large and diverse populations and enable
or facilitate the usage of new types of survey research techniques [2]. Moreover, the
combination of two or more collection methods, ie. mixed-response modes, as become
more popular in recent years [3, 4]. In addition to the mixed-response modes, the mixed-
survey modes has become more popular [5, 6].
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The data from online panels and mixed modes are constantly taken as reliable,
without further elaborating on the problems that might be related to the quality of online
collected data based on nonprobability sampling, especially regarding representation and
generalization. Accordingly, it is possible that online panel data do not represent various
population groups as there is high nonresponse error. A potential error may also be due
to the measurement error and the overlapping bias related to sensitive questions; that is,
panel respondents may identify the social norms associated with questions differently
than traditional survey respondents. Finally, the online panel data can also be made up
of self-selected respondents differing from the general population, especially regarding
different attitudinal and ideological questions.

This study aims to fulfill the information gap regarding the errors mentioned above.
The paper compares the results gathered with a probability sample from the population
register and a nonprobability sample from the online panel. The surveys were conducted
with similar questionnaires at the same time, enabling a precise comparison of the two
distinct data-gathering procedures. Our research questions are as follows:

1. How do the (nonprobability sampled) online panel and the (probability sampled)
postal survey respondents represent the population demographically?

2. How do online panel and mail survey respondents differ by item nonresponse?
3. How do online panel and mail survey respondents differ in selectivity when

examining interest toward news?

Before going into the empirical analysis, we conceptualize our research questions
according to recent literature on survey methodology. Then, we introduce our data and
methodology. Finally, we demonstrate our results and discuss what conclusions can be
made based on this study.

1.2 Background

Nonresponse Error
One of the main problems in implementing valid surveys is nonresponse error. Even
though surveys are still the most popular method to collect research data and the budgets
to conduct them have increased, the survey response rates have fallen over the past four
decades. The decrease in the response rate is not directly related to the nonresponse bias
in the research results. With regard to the representation and generalization of survey
results, the problems are concretized after the response is no longer random between
different population groups [7].

A well-established problem with regard to online surveys is that not everyone has
access to the internet; hence, many people from specific groups cannot be reached online,
and internet panels do not represent the overall population [8].However, inmanyWestern
countries, the penetration rates of the internet, computers, andmobile devices are so high
that online panels have real potential to cover various populations. Previous studies have
also indicated that online panel respondents do not necessarily differ from benchmark
data collected using postal or face-to-face modes and probability samples [9, 10].
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At their best, online panels can provide more opportunities to reach various popula-
tions compared to traditional surveys. It is well known that younger people in particular
are underrepresented when surveys are implemented through traditional survey methods
using probability samples [11–15]. Invitations to online panels can be sent, for example,
on social media, through which young respondents can be recruited more effectively
[16–18].

Moreover, previous studies have indicated that it is possible to gather an online panel
that is demographically representative, but important improvement would be to include
offline households in the online panel [19]. It is possible that including offline households
in the panel would improve its representativeness regarding qualitative questions such
as interestedness in politics.

Measurement Errors
The main goal of the survey is to get a truthful picture of the respondents in the sample,
which makes it possible to generalize the sample to the population. However, various
measurement errors are common in survey research. For example, respondentsmay lie to
or skip response questions that are perceived to be very sensitive [20]. Item nonresponse
addresses questions that respondents missed, even if they had taken part in the survey.
Previous research has suggested that item nonresponses can be the result of the survey
design, the placement of the question, the characteristics of the participant, and the mode
of data collection [21, 22].

For example, it has been put forth that online surveys might be understood by partic-
ipants in a different way than other methods used in conducting surveys [3] Moreover,
surveying some issues, such as income level, religiosity, or sexual behaviors, may be
considered culturally too delicate or even taboo. Respondents may also feel offended if
their privacy is challenged by intrusive questions [for a review, see 23].

It has also been observed that pen-and-paper and web-based surveys do not yield
identical results, particularly when examining sensitive questionnaire items [e.g. 24].
Kays et al. [25] for example, found that respondents tend to be more likely to answer
sensitive questions on the internet compared to a pen-and-paper option.Webparticipants’
feelings of anonymity likely play a role here [26].

However, it has been noted that online respondents more readily answer “I do not
know” and elicit more nondifferentiation on rating scales [27, 28]. Another concern is
related to the “professional” respondents in online panels, whose answers are supposed
to differ from the rest of the population. However, this worry does not seem to be as
serious as often presumed [29].

Selectivity Bias
Nonresponse and item response biases are insufficient measurements to evaluate the
total quality and representativeness of surveys. In addition to sociodemographic factors,
the survey topic is an important factor with regard to response rates [30]. For instance,
people who feel they are in a better position in the dating world are more likely than
others to respond to a dating survey [31]. For example, it has been proposed that an
environmental survey may receive more responses from environmentalists than others
[4]. One study revealed there are multiple reasons to join online panels; for example,
two-thirds of an online panel’s participants mentioned that they joined a panel to have
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fun [32]. It might be that there are numerous motives to join online panels or answer
mail surveys, and this might at least partially explain the differences in answering certain
questions.

Several studies addressing different phenomena across various countries have high-
lighted differences between online panelists and respondents from traditional survey
modes. Grönlund and Strandberg [9] and Sivonen et al. [33] found that the interest in
politics differed significantly across respondents from postal surveys and online panels
in Finland. Lee et al. [34] found that online panelists in South Korea were more likely to
have substance-abuse andmental health problemswhen compared to randomly collected
respondents of a telephone survey. Hemsworth et al. [35] indicated there were multi-
ple differences between the online panel sample and a random-digit telephone survey
when comparing respondents’ attitudes and behavior toward the red meat industry in
Australia. On the other hand, a meta-analysis regarding applied psychology found that
results from online panel data do not differ significantly from data collected thoughmore
traditional sampling techniques [36]. On the other hand, it is worth noting that when
it comes to data and data collection quality, there are also differences between online
panel providers [37].

However, prior researchhas not studiedhowrespondents fromdifferent surveymodes
vary in their interest in media consumption. Media interest creates an interesting phe-
nomenon that is also central when considering the flow of information in the current
multidimensional media environment. For example, during the COVID-19 outbreak,
media consumption has become a particularly important factor that separates citizens’
propensity to adapt to an uncertain situation across countries [38–40].

2 Method

2.1 Participants

This study is based on the comparison of mail and online panel surveys. Both studies
were executed in December 2017. The mail survey was sent to 8000 18- to 74-year-old
Finnish speakers selected with a simple random sampling technique from the population
register.1 The respondents had two options to answer the survey: either by mail or by
filling out a similar form on the internet. One reminder was sent to the survey respondents
by post. 2011 respondents answered by post and 459 through the internet. Altogether,
2470 Finns (30.9%) answered the survey.

In addition to the mail survey, we collected a sample of 1254 respondents aged 18–
74 from an online panel of volunteer respondents administered by a market research
company, namely Taloustutkimus Inc. We recruited the members of the online panel
in question both on- and offline. The panel could be classified as a so-called general
population panel: it has a large group of people and aims to represent the different sub-
populations [41]. Panel data were gathered on December 5–12, 2017, including one
reminder. The final data consist in total of 3724 respondents, of which 66.3% were
gathered by mail survey and 33.7% by online panel survey.

1 Due to the very small amount of Finnish speakers, the Åland-area was excluded from the study.
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2.2 Measures

Our independent variable is survey mode, which distinguishes 1) “mail survey” respon-
dents who participated in the survey based on probability sampling from 2) “online
survey” respondents who participated in the survey via an internet panel.

In the first stage of analysis, we analyzed potential nonresponse bias by comparing
the demographic representativeness of surveymodes. To determine the age of the respon-
dents, we asked them to disclose their birth year. We requested respondents’ household
income as follows: “After adding all household income (including social, retirement,
and other benefits), what is your household’s total income after taxes per month? If
you do not remember exact amounts, make the closest possible estimation.” In terms of
residential information, we requested the respondents’ postal code. Based on the postal
code, we classified respondents according to the NUTS 2 statistical regions of Finland:
Helsinki-Uusimaa, South Finland, West Finland, and North & East Finland.

Respondents’ gender was considered as binary variable: 1 “Male”, 2 “Female”.
Education was coded as a three-class variable: 1 “Primary level education” (original
options 1 and 2), 2. “Secondary level education” (original options 3 and 4), and 3.
“Higher level education” (original options 5–7). Moreover, the questionnaire included
the question “What is your main activity?”: 1 = “Salary work/on leave”, 2 = “En-
trepreneur”, 3 = “Unemployed/seeking employment”, 4 = “Retired”, 5 = “Student”,
and 6 = “Other, what”. We combined the categories “Salary work/on leave” and “En-
trepreneur” to the category “Working”. We also considered these demographic variables
as control variables in additional multivariate models.

The second part of the empirical analysis involved searching for differences between
survey modes in item-response bias. We assessed the extent to which respondents have
answered an income question often considered as a sensitive variable [20]. We catego-
rized respondents according to whether they had answered the question. Respondents
who answered the question received a score of 1, and those who refused to answer
received a score of 0.

Finally, to analyze selectivity differences in survey modes, we examined respon-
dents’ media interest. We analyzed questions that initially asked the following: “How
interested are you in the following forms of news?” (1 = “Not interested at all”, 5 =
“Very interested”): “Entertainment news”, “Arts and cultural news”, “Political news”,
and “Science news”.

The descriptive statistics of independent variables are shown in Table 1.

Table 1. Descriptive statistics of study variables

Variable(s) Obs Mean Std. Dev. Min Max

Age 3,704 4.18 1.61 1 6

Gender 3,706 1.50 .50 1 2

Education 3,632 2.22 .649 1 3

Main activity 3,724 2.08 1.12 1 4

(continued)
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Table 1. (continued)

Variable(s) Obs Mean Std. Dev. Min Max

NUTS2 Region 3,698 2.45 1.11 1 4

Income (non-missing) 3,724 .94 .24 0 1

Media interests

Entertainment 3,681 2.60 1.02 1 5

Art 3,667 2.75 1.10 1 5

Politics 3,686 3.29 1.08 1 5

Science 3,686 3.31 1.14 1 5

2.3 Analysis Techniques

We began the analysis by comparing the relative representativeness of online and mail
respondents compared to population figures. When estimating the shares of various
groups, we considered the margins of error at the 95% confidence level.

In the following steps, we used multivariate models to assess the extent to which the
response mode is related to nonresponse and various interest variables. We performed a
logistic regression analysis for a binary variable and an ordinal regression analysis for
Likert-scale variables. We estimated the confounding effect of the background variables
using the KHB method, which provided us the direct and total effects of the response
mode, as well as the indirect effect according to the different background variables.
The KHB method has been widely used in recent years to analyze the effect of various
mediating and confounding factors when comparing nested nonlinear models [42].

3 Results

3.1 Nonresponse Bias

Tables 2 and 3 point out the demographic representativeness of online panel and mail
survey respondents. As shown, men among the age groups 18–24, 25–34, and 35–44
are underrepresented, whereas the 55–64 and older age groups are overrepresented.
Regarding the group of 65- to 74-year-old men, the online panel evens out in terms of
the respondents’ overrepresentation in the data but does not fix the overrepresentation
in the total data. Women are especially overrepresented among the age groups 65 − 74
and 55–64. Particularly in the case of a group of 65- to 74-year-old women, the online
panel caused the respondents’ overrepresentation to level out somewhat. The differences
in the representation of the oldest group (65–74 years) between the postal survey and
online panel were statistically significant.
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When moving to a residential area (Table 3), the online data corresponded rela-
tively well with the population proportions. In total, the data proportion of the Helsinki-
Uusimaa Region was slightly underrepresented, and South Finland was underrepre-
sented, but the online panel evened out a little for both distortions. West Finland seemed
to be slightly overrepresented in all data sources compared to the share of the population.
The North & East Finland area matched precisely with the proportion of the population
in the region.

Table 3 shows that when it comes to the more highly educated participants, both
data sources are overrepresented. In particular, the online panel data included a high
share of highly educated participants in relation to the population. The share of those
with secondary education is relatively well represented within the data, whereas the
proportion of those with primary education is underrepresented, especially in the case
of the online panel data. In this respect, the online panel did not correct the traditional
nonresponse error but addressed the overrepresentation of highly educated citizens.

The proportion of employed citizens is underrepresented in all data sources (Table
3). Instead, pensioners are overrepresented, particularly in the mail survey data. The
students are relatively well represented in both data sources. The unemployed are
underrepresented, but here the online panel balanced out the bias to some extent.

Table 2. Distribution of respondents of mail survey and online panel and population by age
groups and gender. The population information is from 2017 [43]. 95% confidence intervals are
in parentheses

Mail survey Online panel Population
(18–74 years)

Male Female Male Female Male Female

Age group % % % % % %

18–24 5.9 9.7 4.2 8.2 11.6 11.1

(4.6–7.4) (8.2–11.4) (2.9–5.9) (6.2–10.9)

25–34 10.9 12.2 14.0 20.2 18.4 17.4

(9.2–12.9) (10.5–14.1) (11.7–16.8) (17.0–23.8)

35–44 11.0 10.8 15.6 11.4 17.8 16.9

(9.3–13.0) (9.2–12.6) (13.1–18.4) (9.0–14.3)

45–54 15.2 14.6 21.3 17.2 17.8 17.6

(13.2–17.4) (12.8–16.7) (18.4–24.4) (14.2–20.6)

55–64 25.7 24.1 23.6 20.7 18.2 18.9

(23.2–28.4) (21.9–26.5) (20.7–26.9) (17.5–24.2)

65–74 31.4 28.6 21.3 22.2 16.2 18.1

(28.7–34.2) (26.2–31.1) (18.4–24.4) (18.9–26.0)

Total 100 100 100 100 100 100
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Table 3. Distribution of respondents of mail survey and online panel and population by NUTS
2 statistical regions of Finland, education, and main activity. The population information is from
2017 [43]. 95% confidence intervals are in parentheses

NUTS 2 statistical regions of Finland Mail survey Online panel Population
%% 95%CI % 95%CI

Helsinki-Uusimaa 25.7 (24.0–27.5) 29.1 (26.6–31.6) 30.9

South Finland 24.8 (23.1–26.5) 22.1 (19.9–24.5) 21.1

West Finland 26.5 (24.8–28.3) 26.2 (23.9–28.8) 24.8

North & East Finland 23.0 (21.4–24.7) 22.6 (20.4–25.0) 23.1

Education

Primary level 15.12 (13.7–16.6) 7.64 (6.28–9.3) 19.9

Secondary level 53.77 (51.8–55.8) 52.01 (49.2–54.8) 56.0

Higher level 31.11 (29.3–33.0) 40.35 (37.7–43.1) 24.0

Main activity

Working 48.3 (46.3–50.3) 50.84 (48.1–53.6) 58.0

Unemployed 5.2 (4.4–6.2) 8.61 (7.2–10.3) 9.1

Students 6.7 (5.7–7.7) 7.64 (6.3–9.3) 6.0

Pensioner 36.9 (3.5–3.9) 31.05 (28.5–33.7) 22.7

Other 2.9 (2.3–3.7) 1.85 (1.2–2.8) 4.3

Total 100 100 100

3.2 Item Response Bias

The second stage of analysis focused on item response bias related to the question
of household income. Table 4 reveals that online panelists had a lower likelihood of
responding to the question of income (B= − 0.56; p< 0.001). Moreover, we found that
controlling for underlying factors did not weaken the difference between the panel and
survey but conversely widened the difference. This confirmed that respondents recruited
from the online panel are significantly more unwilling to answer the sensitive questions.

The analysis also indicated that education had a statistically significant confounding
effect. However, controlling for education did not weaken the difference between the
survey and panel; instead, it had the opposite effect. This means that, in the direct
comparison, the correlation between the online panel and the non-item response is lower
due to the variation in the level of education; that is, the online panel involvesmore highly
educated respondents who are generally more likely to answer the income question. The
actual impact of an online panel is therefore higher if we consider the suppression effect
of education.

• Total effect refers to unadjusted effect of the online panel
• Direct effect refers to demographic-adjusted effect of the online panel
• Indirect effect refers to confounding effect of demographic factors
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3.3 Selectivity Bias

Finally, we examined the extent to which different kinds of participants are selected as
online and mail survey respondents in terms of news interest. According to the analysis
presented inTable 5, the respondent groups clearly differed regarding how interested they
were in a different kind of news source. Those who responded through the postal survey
were less interested in politics, science, and art when compared to those who responded
through the online panel. Instead, postal survey respondents were more interested in
entertainment news.

Table 4. Predicting the probability of responding to the income question according to the survey
mode.Direct and demographic-adjusted effects of the online panel (ref=mail survey)with indirect
effects of demographic variables.

B SE z p-value [95%
confidence interval]

Total effect −0.56 0.16 −3.55 0.00 −0.86 −0.25

Direct effect −0.68 0.16 −4.2 0.00 −1.00 −0.36

Indirect effect 0.13 0.03 3.95 0.00 0.06 0.19

via

Age 0.00 0.01 −0.59 0.55 −0.02 0.01

Gender 0.03 0.02 1.56 0.12 −0.01 0.06

Education 0.08 0.02 3.34 0.00 0.03 0.13

Main activity 0.01 0.01 −0.89 0.37 −0.02 0.01

Residential area 0.01 0.01 1.04 0.30 −0.01 0.02

We also analyzed the confounding effects of demographic variables. First, the results
confirmed that the differences between survey formats were not only related to dif-
ferences in demographic factors. This confirms our assumption that respondents with
different interests are selected for online panels and mail surveys.

However, the results suggested that controlling for gender and education had a sig-
nificant effect on the differences between respondents of mail and online panel surveys
in each news category. Age was also related to the differences between survey modes
when examining politics, entertainment, and art and culture.

• Total effect refers to unadjusted effect of the online panel
• Direct effect refers to demographic-adjusted effect of the online panel
• Indirect effect refers to confounding effect of demographic factors
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Table 5. Predicting interest in entertainment, art and culture, politics, and science according to
the survey mode. Unadjusted and demographic-adjusted effects of the online panel (ref = mail
survey) with confounding effects of demographic variables

B SE z p [95% Conf
Interval]

Entertainment

Total effect –0.32 0.07 –4.49 0.00 0.18 0.46

Direct effect –0.26 0.07 –3.55 0.00 0.12 0.40

Indirect effect 0.06 0.02 –2.52 0.01 0.01 0.11

Via Age 0.02 0.01 1.95 0.05 0.00 0.03

Gender 0.08 0.02 –5.19 0.00 –0.11 –0.05

Education –0.03 0.01 –2.25 0.03 –0.05 0.00

Main activity –0.01 0.01 –1.38 0.17 –0.02 0.00

Residential area 0.00 0.00 0.56 0.57 –0.01 0.01

Art and culture

Total effect 0.19 0.07 2.75 0.01 –0.33 –0.06

Direct effect 0.19 0.07 2.62 0.01 –0.33 –0.05

Indirect effect 0.00 0.03 –0.15 0.88 –0.06 0.05

Via Age –0.01 0.01 –1.78 0.08 –0.03 0.00

Gender –0.09 0.02 –5.34 0.00 –0.13 –0.06

Education 0.09 0.02 5.47 0.00 0.06 0.12

Main activity 0.00 0.01 0.34 0.74 –0.01 0.02

Residential area 0.01 0.01 1.25 0.21 –0.01 0.03

Politics

Total effect 0.50 0.07 6.79 0.00 –0.64 –0.36

Direct effect 0.39 0.08 5.15 0.00 –0.53 –0.24

Indirect effect 0.11 0.03 4.19 0.00 –0.17 –0.06

via Age −0.02 0.01 −1.90 0.06 –0.04 0.00

Gender 0.06 0.01 4.67 0.00 0.03 0.08

Education 0.09 0.02 5.07 0.00 0.05 0.12

Main activity 0.00 0.01 0.45 0.65 –0.02 0.03

Residential area 0.01 0.01 1.33 0.18 –0.01 0.03

Science

Total effect 0.95 0.07 13.39 0.00 –1.09 –0.81

Direct effect 0.70 0.07 9.89 0.00 –0.84 –0.56

(continued)
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Table 5. (continued)

B SE z p [95% Conf
Interval]

Entertainment

Indirect effect 0.24 0.03 8.05 0.00 –0.30 –0.18

via Age 0.01 0.00 1.51 0.13 0.00 0.02

Gender 0.09 0.02 5.31 0.00 0.06 0.12

Education 0.12 0.02 6.00 0.00 0.08 0.16

Main activity 0.00 0.01 0.18 0.85 –0.01 0.02

Residential area 0.01 0.01 1.18 0.24 –0.01 0.02

4 Discussion

This study provided an opportunity to compare two survey modes regarding demo-
graphic representation, item nonresponse, and selectivity differences. In summary, the
demographic representativity was significantly different across the survey modes. The
online panel had a positive balancing effect on the bias in distributions of age, gender,
and residential area, although its effects for the generalizability of the data were uncer-
tain. Moreover, the results provide an indication of the qualitative difference between the
respondents of survey modes and that panel respondents are more susceptible to decline
when responding to sensitive questions.

Our first research question considered the demographic representativeness of online
panel data in relation to the whole population. The findings indicate that the online
panel improves the demographic representativeness by includingmore respondents from
groups that are underrepresented within the traditional survey data. For instance, people
living in the Helsinki-Uusimaa Region (capital region) and working in the private sector
are better represented in the online panel. However, the online panel did not properly
cover some groups; for example, older people and people with primary education are
clearly underrepresented, whereas people with higher education are overrepresented
within the panel data.

Our second question concerned measurement bias, which we measured using
answers to the question considering respondents’ monthly household income. When
compared to the postal survey respondents, online panel respondents were more likely
to miss the income question. This could be the sign of a measurement bias: panel respon-
dents may easily skip over questions that handle more sensitive topics. Controlling for
education and other underlying factors even strengthened the difference. One possible
explanation for this could be that respondents do not trust the companies that admin the
online panel as much as the universities that implement the population survey.

The final research question handled selectivity bias among the online panel. The
results point out that this is a serious problem regarding the quality of online panel
data; the panel respondents were distinctly more interested in science and political news
than the survey respondents. Taking demographic factors into account moderated the
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results, but the differences remained statistically significant. Can we, however, conclude
that online panel data are badly biased? It is difficult to provide an exact answer to
the question as it is possible that the panel included respondents who do not typically
respond to postal surveys. Still, the results of this and earlier studies [9] suggest that
researchers should elaborate on how credible the results received from online panels
actually are.

Selectivity creates a bias that cannot be corrected with weighting techniques [8]. It
has recently been debated that estimates of vaccine hesitancy and willingness based on
large-scale online surveys, for example, do not correspond to actual statistics [44]. In this
respect, the representativeness of the non-probability survey has potentially remarkable
implications for policymaking. However, previous studies have suggested that nonprob-
ability and online-based samples can be useful when conducting experimental stud-
ies and the effect of treatment in experiment is known to be homogeneous from one
subpopulation to another [45].

As this study included data from only one online panel, future studies could collect
data from several different online panel companies to gain more comprehensive research
results. Since news media and many others frequently use data from online panels, it
would be fruitful to compare howwell their results match with each other, as well as with
the postal surveys (and, when possible, with population-level data). Finally, it should
be noted that responsive activity (30.9%) in mail survey could be considered as a study
limitation because a higher response rate would offer more reliable results. However,
such a response rate is quite typical these days, and in the context of this study, the results
offered us a good change to compare the data of relatively typical postal surveys with
online panel data and population information.
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Abstract. This study explores how music types impact the product styles and
characteristics presented in design concept sketches. This empirical study asked
the subjects to draw sketches of lampdesignswhile listening toNewAgemusic and
opera music, fill out a design styling association table, retrace their design process
through retrospective reports. The experimental results show that the subjects
prefer using natural objects as designmaterials and geometric, simple, monolithic,
and handmade design styles in the case of New Age music, while they prefer
using artifacts objects as design materials and bionic, curved, ornate, and bright
design styles in the case of opera music. It is assumed that the context-dependent
memories phenomenon caused by listening to music during the design process
may have prompted the subjects to associate music-related auditory experiences
and translate their characteristics into product design styles.
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1 Introduction

The musical activities depicted in cave paintings from ancient times suggest that people
have been engaged in similar musical activities for thousands of years [1]. There have
been many studies on the effects of listening to music, which mostly used word tests or
brainstorming experiments [2, 3], while few have explored the effects of music on design
creativity when sketching designs. As technological advances make product styling less
restricted by manufacturing and production, there is more room for the development
of product styling than in the past. This, coupled with the fact that the demands of
modern consumers for products depends on both the function and price of the product,
whether the product styling can meet the expectation of consumers will be one of the
considerations to purchase products.

Design is an act of discovery, a way of bringing people’s dreams to life through
observation, imagination, knowledge, and experience. In addition to applying existing
knowledge and experience in the stage of designing concepts, designers often utilize
external stimuli, such as collecting information and pictures, deconstructing samples, or
posting collected pictures on walls, to create a design-friendly environment that triggers
memories, association, and creative ideas [4]. Previous studies have shown that designers
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often listen to music during the design process [5], and ubiquitous music is like a part
of the design activity, thus, the effect of music on idea creation is worthy of further
exploration.

2 Literature Review

2.1 The Effect and Association of Music

Music has been closely correlated with human life since ancient times and has generated
different applications and effects over time. In the past, Areni and Kim probed into the
effects of classicalmusic and popular songs on consumer behavior in a downtownhotel in
the United States, and the results showed that playing classical music causes consumers
to spend more money [6]. The effect of music on people’s cognitive abilities has also
been explored, such as the use of backgroundmusic to stimulate the emotional responses
of the subjects. One study also suggested that the performance of female students during
language tests improved significantly when music was played in a major key, while male
students performed better on spatial tasks [7]. Recent studies have investigated the effects
of music on design creativity, including the effect of music on brainstorming, and the
results showed that music stimulates emotions that could influence creative ideas, with
both positive and negative emotions increasing the number of ideas in low-stimulation
situations, and conversely, neutral emotions help to increase the number of ideas in high-
stimulation situations [3]. The effect of music on creativity has also been explored using
the Remote Associates Test, with findings showing that listening to music has a positive
effect on the subjects’ creative cognition, semantic retrieval, and mood [2]. However,
these recent studies do not easily capture the effects of listening to music on the actual
design task, thus, this study explored the effects of music on design ideas by performing
design tasks.

Listeners often havemental changes when listening tomusic, meaning they associate
matters related to the music. People will generate different imaginations based on their
experience of listening to similar music; for example, Yeoh and North showed that
rock music evokes more objects related to rock characteristics, such as electric guitars,
tattoos, and men with long hair; similarly, classical music recalls more classical objects,
including cigars, champagne, and pens, and such findings reflect the influence of the
characteristics of music types on associations [8]. It has also been shown that music with
distinctive local features will help to associate local objects and cultural characteristics
in the imagination, and the characteristics of suchmental images can be applied to design
objects that express local features [9].

2.2 Design Idea and Association

Association is the basis of perception, concept, memory, and imagination. In the creative
process, designers often use association to connect existing perceptions and knowledge,
and then, gradually expand new ideas to generate a large number of concepts. To stimu-
late more creative ideas, designers utilize association to link internal long-term memory
with external information and stimuli to inspire different design ideas during the idea
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development stage [10]. The case in point is to collect relevant information and shape the
environment that helps to generate design creativity. The environment provides different
information from smells, sounds, colors, and indoor arrangements, to the view from the
window, which may shape our perceptions [11]. McCoy and Evans found that environ-
mental factors seem to have a strong influence on design creativity [12]. Goldschmidt
and Smolkov experimentally revealed that different visual environments affect the per-
formance of designers in feasibility, originality, and creativity. Moreover, designers’
creative thinking is very sensitive to the environment, which can provide potential clues
to help solve design problems [13]. Music has a unique role in shaping the ambiance in
environmental information; just like a movie soundtrack, we feel differently about what
is going on around us as it changes. Therefore, this study aims to explore whether the
ambiance created bymusic affects the designers’ creative thinking and how the designers
apply the characteristics of music to their design concepts.

2.3 The Style of Product Styling

A product is composed of its external styling and internal functions, meaning the combi-
nation of shape, color, material, and function. The style of a product’s shape and imagery
are important mediums of communication between designers and consumers. In addi-
tion to its actual function, the shape style enables consumers to experience the sym-
bolic meaning of a product, meaning when designers determine the stylistic attributes
of the product, its shape style is also created. How can designers make their abstract
design concepts materialize features prominently in the design process. In the early
stage of conceptual development, designers often make abstract design concepts con-
crete through hand-drawn sketches to facilitate communication with customers andmeet
their needs [14]. Thus, designers have the important responsibility of designing products
with appropriate stylistic imagery that is in line with the design theme and requirements.

Style consists of multiple differentiated units, and these different basic units enable
people to identify the differences in products and perceive the messages conveyed by
the products to distinguish the style characteristics [15]. Style characteristics change
with social background, conventions, customs, knowledge, mental images, and per-
sonal preferences [16]. Style is reflected in the external physical characteristics of the
designed product, and this prominent stylistic feature depends on how it is perceived by
the observer. Chang and Van studied design trends and the redesign of product styles,
and determined that the elements of product styles include four profiles, styling, color,
material, and detail processing [17]. When probing into the language of shape and style,
Chen and Owen decomposed the style profile into 6 categories, form elements, com-
ponent relationships, detail treatments, materials, color treatments, and textures. Each
profile corresponds to specific adjectives with polarized style to express the product
style, which means basic product profiles and style features are matched in detail, in
order to facilitate communication between designers [18]. A study that explored the
formal representation of simple design styles found that the appearance characteristics
of products were decomposed into seven profiles, shape, color, decoration, components,
materials, technology, and function, to elaborate the product style [19]. However, the
technological and functionality of profiles require in-depth understanding, it’s difficult
to judge products from the appearance of images. Therefore, this study investigates what
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specific elements or characteristics designers use to describe their design style according
to form, color, material, decoration, and construction profiles.

3 Research Method

People’s perceptions of music are related to their listening experience and imagination,
meaning when listening to the same piece of music, different listeners will have different
feelings, thus, there will inevitably be individual differences in the design abilities of
designers recruited to participate in this experiment. Consequently, this study adopted
the experimental method of within-group design, in which each participant listened to
two different styles of music, NewAge and opera music, and drew a sketch to show their
design concept, which was intended to minimize the impact on the experimental result
by reducing the variation of errors caused by individual differences in the participants’
design abilities. In the post-experimental stage, the subjects were asked to orally retrace
their design process and fill out a music perception table, in order to obtain a correlation
between the subjects’ design thinking and music characteristics.

3.1 The Method and Design Assignments of the Experiment

Sixteen designers were invited as subjects, 8 male and 8 female, with 2–8 years of design
experience, an average of 3.8 years. The subjects were divided into two groups, A and
B. Group A performed the experimental task in the first experiment with opera music;
after a week, the experimental task was counted with New Age music. In group B, the
experimental task was performed for the first time while listening to New Age music;
one week later, the experimental task was counted for the second time while listening
to opera music. The three experimental tasks in this study are, as follows:

1. Design task: The subjects were asked to design a lamp, where the client wants “a
lamp that is designed to express the style of music played in the restaurant (NewAge
music/opera music)”, meaning the hand-drawn conception sketch was required to fit
the music characteristics. In order to ensure the consistency of difficulty between the
two tasks, the designers were asked to design lamps. However, to reduce the carry
over effect caused by performing the design task twice, the subjects were asked to
design floor or ceiling lamps separately while listening to the two types of music.

2. Verbal retrospect: Although the styling features presented in the design sketches can
be interpreted, the verbal retrospect of the subject’s thoughts and opinions at the time
of sketching can be used to understand the design thinking of the subjects [20].

3. Music perception table: The subjects were asked to write about their design styles,
and how their associations were triggered by the music they heard.
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3.2 Procedure of the Experiment

The experiment was conducted based on research ethics, meaning the subjects were
informed that the experiment was intended for academic research only, did not involve
commercial behavior, and the experimental operation did not involve invading the body.
Nevertheless, if the subjects preferred, they could leave the experiment at any time. The
experiment was conducted with the consent of the subjects, and the procedures were, as
follows:

1. Experimental task description: The researcher stated the purpose of the experiment,
explained how the experiment would be conducted, and provided the estimated time
required for the experiment.

2. Warm-up before the experiment: The subjects were given 5 minutes to warm up
before the experiment, where they could sit for rest or doodle at will to relax.

3. Perform the experimental design task: The researcher played music and asked the
subjects to draw their lamp conception sketches by hand, and the subjects were given
40 min to complete the task.

4. Break time: Rest for 10 min。
5. Conduct the verbal retrospect: The subject looked at their design sketches and

retrospectively explained the correlation between the conception features and the
music.

6. Fill in themusic perception table: After the experimental task, the subjects completed
their basic information and the "music-induced design style association table".

3.3 Profile of the Design Sketches

In order to deconstruct the appearance characteristics of the design concept sketches,
this study referred to the product style profile proposed by Chen and Owen, as well as
Lin’s seven profiles [18, 19], explored the appearance characteristics of the products
in this study, meaning the formal representations of design styles, and considered the
characteristics of this study. The deconstruction in this study covers five profiles, product
profile styling, surface color, composed materials, decorative elements, and component
relationships.

3.4 Music-Induced Association Design Style Measureme

This study adopted the semantic differential method to explore the design style asso-
ciation caused by music. The music-induced association style table was created based
on five bipolar adjective pairs of stylistic styles, including angular-rounded, geometric-
biomorphic, single-multiple, hard-soft, and matte-glossy, in order to extract style adjec-
tives regarding the form profiles of the products, as deconstructed by Chen and Owen
[18], and explore the form language and style description. Moreover, the table was also
based on five adjectives pairs, plain-luxurious, coarse-delicate, straight-curvature, and
hand-made-hi-tech, which were selected from the stylistic adjectives used to study cell
phone styles byChuang et al. [21]. In addition, the normal-particular style adjectiveswere
transformed into regular-random. This study applied a total of 10 semantically opposed
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style adjectives to create the design style table for this experiment, which includes seven
grades, as shown in Table 1.

Table 1.The examples of music-induced design style association measurement.

Measurement items Measurement scale
-3 -2  -1  0   1  2 3 

The music-induce your design style tended to Plain Luxurious

The music-induce your design style tended to Single Multiple
The music-induce your design style tended to Coarse   Delicate

3.5 Tool and Music of Experiment

This experiment was carried out in a school classroom with no hanging objects except
for a whiteboard on the wall, and conducted in the same place and at the same time to
minimize environmental interference. Drawing tools included blank A4 paper, pencil,
atomic pen, or marker pen. The conception sketches were hand-drawn by pencil or pen,
which the subjects were free to choose according to their usual drawing habits. This
study chose four pieces of New Age music and four pieces of opera music with high
view rates on YouTube as the stimuli for the experiment, and the music tracks are shown
in Table 2. In order to explore the influence of New Age music on product design style,
four pieces of New Age music were played in turn; the same procedure was applied
to explore the influence of opera music on design style. In terms of the music playing
devices, the subjects could choose either a laptop computer with an external speaker or
headphones to perform the design task.

Table 2. List of the experimental music

New Age music Opera music

Performer Music Performer Music

Kevin Kern Through the Arbor Sofia Philharmonic
Orchestra

Nessun Dorma

Bandari Moonlight New York
Philharmonic

The Marriage of Figaro

Omar Akram Take My Hand New York
Philharmonic

La donna è mobile

Ron Korb Tokaido Eastern Sea
Route

New York
Philharmonic

Bizet_ Carmen-Toreador
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4 Results and Analysis of the Experiment

4.1 Music Type and Conceptual Sketch Features

The sketches of the lamp concept were drawn by the subjects while listening to the New
Agemusic, as shown inFig. 1. The subjects tended to employbionic objects, such as trees,
bamboo, and tiles, to present the profile styling of their sketch and simplify a lamp shape
with geometric or large curvature; or theywould choose themusical instruments from the
music, such as drums, to simplify the appearance of the instruments and present a lamp
with a gentle curve; according to notes about their sketches and the verbal retrospect of
the subjects, the materials for making lamps were mainly bamboo, wood, and cloth; the
surface colors were mostly the color of the applied raw materials, including the color
of wood, green grass, and bamboo colors; the lamp sketches showed less decorative
elements; in terms of the lamp component relationship, the styling characteristics of the
sketches are shown in units. In general, in the case of the New Age music, the subjects
tended to apply handmade methods and used natural materials and simple design styles.

Fig. 1. Sketches of some subjects under New Age music condition.

When the subjects listened to operamusic, the sketches of the lamp concept as shown
in Fig. 2. The profile styling of these lamps utilized bionic objects, such as gorgeous crys-
tals, in order to display angular surfaces and small curvature arcs; or theywould use items
common to opera stages, such as cloth curtains, performer’s costumes, etc. Regarding
the lamp materials, artificial materials were widely used, including metal, crystals, and
cloth. In terms of surface colors, the notes about the sketches and the verbal retrospect
descriptions show that bright colors were mostly used, such as red, the combination of
yellow and black, or brilliant crystals; in terms of the decorative elements, more deco-
rative elements were used, such as tassels, crystals, and scroll grass on the lampshade;
in terms of the component relationship, while the conceptual sketches were relatively
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diversified, similar units were repeatedly superimposed to show the characteristics of
the lamp, as shown in Fig. 2.

Fig. 2. Sketches of some subjects under Opera music condition.

4.2 Music and Design Style Association

Themusic-induced design style associationmeasurements, as completed by the subjects,
conducted Paired Sample T-testing to examine the design style associations applied by
the subjects when performing the design tasks while listening to New Age and opera
music, and the test results are shown in Table 3.

Table 3. Paired Sample T-test of music-induced design style association

Test items New Age
music

Opera music t p

Mean SD Mean SD

The music-induced of “hard-soft” design style 5.62 0.96 4.31 1.30 4.67 0.00*

The music-induced of “angular–rounded”
design style

5.38 0.89 4.52 1.11 2.93 0.01*

The music-induced of “hand-made-hi-tech”
design style

2.32 0.72 4.57 0.93 −7.23 0.00*

The music-induced of “plain-luxurious” design
style

2.63 0.89 6.13 0.50 −15.65 0.00*

(continued)
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Table 3. (continued)

Test items New Age
music

Opera music t p

Mean SD Mean SD

The music-induced of “single-multiple” design
style

2.73 1.18 5.56 1.11 −7.12 0.00*

The music-induced of “regular-random” design
style

2.31 0.87 3.16 1.26 −1.74 0.11

The music-induced of “straight-curvature”
design style

5.06 1.39 5.51 0.73 −1.45 0.17

The music-induced of “matte-glossy” design
style

3.31 1.30 6.25 0.58 −8.18 0.00*

The music-induced of “coarse-delicate” design
style

5.31 0.71 5.25 1.06 0.19 0.89

The music-induced of “geometric-biomorphic”
design style

3.13 1.06 5.37 0.81 −9.32 0.00*

α = 0.05, *p < 0.05

Among the 10 bipolar design style adjective pairs, regular- random (t = –1.74, p
= 0.11), straight-curved (t = –1.45, p = 0.17), and coarse -delicate (t = 0.19, p =
0.89), have p values over 0.05, which reach significant difference. This result indicates
no significant difference in the style association when the subjects listened to these two
types of music. However, regarding the design style association of the straight-curved,
the average p values are greater than 5 in both New Age music (M = 5.06) and opera
music (M = 5.51), which suggests that the subjects were strongly inclined to feel the
style association of the curve in the cases of New Age and opera music. Similarly,
regarding coarse -delicate, the average p values are greater than 5 in both New Age
music (M = 5.31) and opera music (M = 5.25), which shows that the subjects tended
to feel delicate style association from these two music, as shown in the trend chart of
design style association in Fig. 3.

Among thebipolar design style adjective pairs, hard-soft (t=4.67, p=0.00), angular-
rounded (t= 2.93, p= 0.01), hand-made-hi-tech (t= –7.23, p= 0.00), plain-luxurious
(t= –15.65, p= 0.00), single-multiple (t= –7.12, p= 0.00), matte-bright (t= –8.18, p
= 0.00), and geometric-biomorphic (t = –9.32, p = 0.00) have p values less than 0.05,
which reach significant difference, and indicates that there are significant differences in
subjects’ style associations when listening to NewAge and opera music. When listening
to New Age music, compared with opera music, the subjects obviously associated with
soft, rounded, hand-made, plain, single, matte, and geometric design styles; when listen-
ing to opera music, compared with New Age music, the subjects obviously associated
with hard, angular, hi-tech, luxurious, multiple, glossy, and biomorphic design styles, as
shown in the trend chart of design style association in Fig. 3.
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Fig. 3. Music-induce design style association tendency.

5 Discussion and Conclusion

5.1 Discussion

According to the concept sketch and music style association measurement drawn by
the subjects, New Age and opera music can trigger specific design style associations.
In both of these two music types, the subjects mainly chose biomorphic objects for
product shape and composed materials, but different imitation objects. In the case of
New Age music, the subjects preferred to use natural objects as design materials, such
as trees, bamboo, and textile. In the case of operamusic, they preferred imitation artificial
objects as the design materials, such as items common to opera stages, including cloth
curtains and performer’s clothing. Regarding the style characteristics of the surface
color of lamps, natural materials and matte colors were mainly used when the subjects
listened toNewAgemusic; while those listening to operamusic preferred to apply bright
colors and those with strong contrast. There are some differences in the style of lamp
decoration according to the contexts of New Age music and opera music. In the case of
New Age music, fewer decorative elements were applied, the relationship between lamp
components was relatively simple, and the styling characteristics were mostly presented
in units. However, in the case of opera music, more decorative elements were widely
used, such as tassels and crystals on the lampshade, and the component relationships
were more diversified.

These phenomena of the above lamp design sketches, according to the verbal retrac-
ing of the subjects, "listening to New Age music leads to a natural and simple feeling.
Therefore, when designing the outline, and composing the materials and surface color of
lamps, imitating natural materials or the original color ofmaterials is preferred and fewer
decorative elements are used. The component relationship is expressed in a simple form,
which can reflect the natural and simple style feeling brought by listening to music." As
a result, in this music context, the styling of lamps and lanterns is presented through geo-
metric, plain, monomeric, and man-made design methods. These design style features
are consistent with the test results of the music association measurement. Please refer to
Fig. 3. The lamp styles designed on the opera music are based on the above phenomena.
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After listening to opera music, the subjects said that "the opera music triggers a gorgeous
style feeling.When designing the outline, and composing thematerials and surface color
of the lamps, we strongly associated with the curtain tassels of the opera stage, the gor-
geous costumes of the performers, and the brilliant crystal lighting in the scene, and
regarded them as the styling characteristics of the lamps". Therefore, the characteristics
of the lamp sketches were mostly expressed in biomorphic, curved, multiple, luxurious,
and bright design forms. These design style characteristics are consistent with the test
results of music association feeling table. Please refer to Table 2.

This study takes the design sketches, music-induce association measurements, and
the oral recall of the subjects as the experimental results, which lead to the abovemen-
tioned phenomena, and may be related to the way people retrieve memories and their
cognition of music features. When external stimuli appear (playing music), it arouses
people’s attention, which stimulates the long-term memory area to search for memories
matching the current stimulus [22], just like people recall the past when listening to
music and generate associations from the music. Listening to music while designing is
like adding a stimulus connection, meaning it helps to inspire the brain’s memory net-
work to connect to specificmemory blocks, thus, generating the imagination required for
design creativity [23]. Studies have shown that people’s response tomusic is based on the
listener’s expectation of the music, meaning music leads people to associate with things
that have moved them [24], and the listener’s familiarity with music patterns enables the
ear to find relevant connections, like automatic navigation [25]. In other words, in this
experiment, cognition was generated by listening to music to create an associated atmo-
sphere, and the subjects could generate context-dependent memories from listening to
similar music in the past. The extraction of elements related to music and applying them
to lamp design [23], echo the findings that music evokes the listener’s autobiographical
memory, which allows them to enter the situation of hearing similar music in the past
[26].

5.2 Conclusion

This study empirically explored the influence of music type on design style, and the
results show that both New Age and opera music can trigger specific design style asso-
ciations. In the case of New Age music, the subjects preferred natural and simple design
styles. In the case of opera music, most of the subjects expressed their design styles in
multiple and gorgeous ways. Music stimulated the subjects’ context-dependent memo-
ries, which prompted them to recall memories of listening to similar music in the past,
and select the available materials to express the design style.

The effect ofmusic is extensive, the impact ofmusic on people’s behavior is complex,
and the design behavior involves a wide range of levels. This study did not intend to
explain the complex design behavior stimulated by the phenomenon of listening to
music to present the development of design concepts, but only put forward the idea of
making good use of the characteristics of music to help stimulate creative ideas to enable
designers to enhance and improve their design ideas.
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Abstract. The digital presentation of a product is ubiquitous today. It appears in
both online stores and outdoors in various types of displays. Thus, it is important
to know as much as possible how such product demonstration should be designed.
This study presents an experimental investigation of the impact of product pack-
aging viewing perspective on the purchasing intentions of people. Unlike previous
studies, the issue is examined in a systematic way. It involved six viewing angles
(±15°, ±30°, and ±45°) that varied in two dimensions: vertical and horizon-
tal. In general, 12 variants were assessed. The article confirms previous studies
indicating that the presentation of people or objects from different angles may
affect the perception of observers. Our findings showed that the willingness to
buy is greatest when packages are viewed from a top angle. This is in contrast to
the results presented previously on picturing individuals or advertising products.
Unexpectedly, there were no differences in demonstrating packages on the left-
or right-hand side. The bigger camera angles used to picture packages produced
lower and lower values of preferences. The findings expand our knowledge of
human visual behavior in a specific context and provide useful suggestions on
display design usability. The results are of potential interest to computer graphics
designers in various areas.

Keywords: Visual information usability · Display design · Subjective
preferences · Viewing angle ·Marketing

1 Introduction

Knowledge about the usability of visual content demonstration is essential in various
fields, especially in a modern highly digitized world. The graphical presentation of
digital versions of classic banners or packages influences perception and affects user
preferences and, as a result, their decisions. This impact depends on a number of factors.

In recent years, Grobelny andMichalski [5] examined user preferences in this regard.
They revealed, among other things, that the location of product brand name closer to the
right edge of the package is preferred to the left side. Another finding regarded larger
preferences for a larger and more concentrated text than the smaller and spreader one.
The study also involved background color preferences. Although women liked and men
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dislike pink versions, the color factor was considerably more significant for men than
for women. The color feature in conjunction with the dimensionality was subject to
investigation in [21]. They found that people favored in this context, rather blue-colored
background than the red and green ones. The results also showed the superiority of three-
dimensional looking packages over two-dimensional ones and the advantage of rounded
edges as compared with sharp variants. The roundedness effect was further explored
using the eye tracking methodology in [20]. The effects of various three-dimensional
shapes on preferences were systematically examined in [19]. Curved, tapered, and tilted
packages appeared to be markedly less liked than a classic cuboid option.

Another factor that could possibly influence people’s decisions is the angle at which
the product is pictured. In real situations, consumers search for products and look at them
from various distances, so the viewing angle of a specific article changes. Naturally, there
are large interpersonal differences in this regard related, for example, to consumers’ body
heights. In a digital world, the angle at which the product is presented seems to be even
more important, however, there is surprisingly little research dealing with this issue.

Among the few investigations in this regard, work [24] reports that there exist spe-
cific viewing angles for everyday objects that speed up their perception. They called
them canonical views. These results were further confirmed and extended in [12]. They
additionally demonstrated that these canonical perspectives are considered to be more
aesthetically pleasing than less canonical ones. Gardner [4], in turn, indirectly consid-
ered the effect of viewing angle by analyzing depth perception with respect to digital
spheres placed within a rectangular, three-dimensionally bounded artificial space. The
space resembled a room with different positions of horizon height.

Another study by Sammartino & Palmer [29] involved various angles of digitally
presented real objects. They examined, inter alia, preferences for a bowl and a light
fixture placed within a frame displayed in five different perspectives 0° (pure side view),
18°, 36°, 54°, and 90° (direct view above the bowl and below the light fixture). For items
presented in the center of the frame, the highest preferences for both types of object were
observed for 90° while in the second place there were pictures with items rotated by the
smallest angle from the profile view (0°). Under other conditions, the differences were
not so distinctive. In a follow-up experiment, the same authors explored flying eagle
and swimming stingray images from four different perspectives (above 90°, side above
45°, side below –45°, and below -90°) and, similarly as in the previous experiment,
situated within a frame in five different locations. When the animals were located in the
center of the frame, the highest preferences were obtained for versions above (90°) and
below (–90°). In general, these investigations revealed a significant impact of the effect
of viewing angle on people’s preferences. The results also showed strong interactions
between types of objects, their positions in the frame, and the applied perspective.

The camera angle effectwas subject to interest for photographers andfilmmakers. For
example, Tiemens [30] found that placing the camera below the communicator increased
his credibility, while Mandell and Shaw [17] showed that a person shot slightly from
the bottom was considered more active or potent. Kraft [15] generally confirmed these
findings and extended them to boxes. Their findings additionally indicate that significant
effects of camera angle are more probable if consumers are low or moderately motivated
to process the advertisement presented.
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In a marketing context, the effects of the camera angle were examined in [18]. In
this study, individuals perceived the bicycles examined as stronger or more potent when
they were presented from a below eye-height level and weaker and more inferior when
demonstrated from a downward-looking angle.

Although there is some research indicating that the viewing angle could be an impor-
tant effect shaping people’s preferences, comprehensive, experimentally based studies
are still very scarce in this respect. Therefore, in this investigation, a variety of viewing
angles have been applied to a typical box-shaped product package to assess its impact on
the subjects’ preferences. As far as we are aware, this effect has not been systematically
investigated in the context of product visual presentation design.

2 Method

2.1 Participants

There were 99 students who took part in the study – 61 women and 38 men. Their age
ranged from 19 to 29 years with an average of 20.7 and standardmean error of 0.17. They
all reported normal or corrected to normal visual acuity. The participants were briefly
reported on the procedure and the possibility of resigning from the study at any time
without the need to state any reason. They also gave their informed consent to participate
in the experiment. Data collected were related to the subjects’ opinions on the product
package and were not directly linked with a specific participant.

2.2 Stimuli

This study investigates the willingness of participants to buy a fictitious smartphone
device after presenting its digital image placed on a virtual packaging. We use the unreal
brand name presented in black font. The product was presented in the picture as turned
off and was also mainly black with a silver outline. The mockup packages were prepared
in 3D Studio Max software and resembled a three-dimensional gray box. Its dimensions
followed the golden proportion.

The stimuli were differentiated by theway the camerawas placed. Three factors were
examined: (1) Camera horizontal location (Left, Right), (2) Camera vertical location
(Bottom, Top), and (3) Camera angle (15, 30, 45) degrees. A mixture of these three
factors produces 12 different experimental conditions as demonstrated in Fig. 1.
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Camera 
angle

Camera location

Left-Bottom Left-Top Right-Bottom Right-Top

15˚ 1. 4. 7. 10.

30˚ 2. 5. 8. 11.

45˚ 3. 6. 9. 12.

Fig. 1. All twelve experimental conditions examined.

2.3 Experimental Design and Procedure

A full factorial within-subjects design was applied, which means that each participant
evaluated all 12 experimental conditions: 2 (Camera horizontal locations)× 2 (Camera
vertical locations) × 3 (Camera angles). Subjects were presented with two versions of
the packaging at the same time. They were asked to express their opinion about which of
them incline them to purchase the product more and to what extent. Subjects specified
the degree of their preference on a five-point ordered linguistic scale.

A given pair was demonstrated once, and we did not compare the same variants.
Since there were 12 different packaging variants, the number of pairwise comparisons

amounted to
(
122−12

)

2 = 66.
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The experimentwas carried out in teaching laboratories on identical desktop comput-
ers and comparable lighting conditions. The entire procedure was supported by custom
software. The application automatically presented the experimental condition compar-
isons in random order, collected the responses, and performed calculations of preference
weights along with consistency ratios. The results were then imported into the statistical
software for further processing.

3 Results

The final hierarchies of the subjects’ preferences and the respective consistency ratios
were calculated according to the procedure proposed by Saaty [28] within the Analytic
Hierarchy Process (AHP) method. The consistency ratios varied from 0.0264 up to
0.414 with the average equal to 0.143 and the standard mean error 0.0070. A classic
one-way Anova demonstrated that the effect of the participants’ gender on mean CRs
was statistically insignificant [F(1, 97) = 0.0074, p = 0.93]. The next analyzes include
only 93 subjects (of 99) with consistency ratios lower than 0.25.

3.1 Descriptive Statistics

A list of basic descriptive characteristics of subjects’ purchase intensions related to the
packages examined is presented in Table 1 and graphically shown in Fig. 2. The mean
preferences ranged from 0.0441 for the version seen from the Left-Bottom location with
a viewing angle of 45° to 0.1403 for the most favorite option (Left-Top, 15°). The largest
weight was more than three times bigger than and smallest one. The arrangement of
tested package presentations according to computed mean scores is provided in Fig. 3.
Through initial examination of Table 1 and Fig. 2 one observes a trend of generally
decreasing preference weights along with the increase of camera view angles. It may
also be noticed that top camera locations were better rated than the bottom ones, whereas
the cameras in left and right locations received similar scores on average. Themean stan-
dard errors and standard deviations given in Table 1 suggest that the data distributions are
relatively close to their means. Small differences between average values and medians
indicate that variable distributions do not deviate markedly from a symmetrical shape.
Post-hoc pairwise comparisons computed according to Fischer’s LSD procedure, pre-
sented in Table 2, revealed statistically significant differences on various levels between
the mean weights of almost all conditions. No meaningful differences were observed for
pairs of conditions that differ in the Left-Right camera locations e.g. Left-Bottom_15°
vs. Right-Bottom_15°, Left-Bottom_30° vs. Right-Bottom_30° etc. This analysis con-
firms the initial notion that discrepancies between package presentations from cameras
located on the left- or right-hand side are probably negligible. A very clear pattern that
is emerging from Fig. 2 and Table 1 is further explored by means of Anova in the next
section.
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Table 1. Basic descriptive statistics for all experimental conditions (n = 93) with CR < 0.25.

Experimental condition Basic descriptive statistics

No Camera
location

Camera
angle

Mean SME* Median Min Max SD**

1 Left-Bottom 15° 0.0848 0.0035 0.0796 0.0278 0.1786 0.0334

2 Left-Bottom 30° 0.0617 0.0025 0.0569 0.0218 0.1651 0.0243

3 Left-Bottom 45° 0.0441 0.0025 0.0373 0.0204 0.1620 0.0242

4 Left-Top 15° 0.1403 0.0046 0.1416 0.0421 0.2398 0.0448

5 Left-Top 30° 0.1067 0.0037 0.1045 0.0331 0.2380 0.0354

6 Left-Top 45° 0.0700 0.0031 0.0627 0.0235 0.1690 0.0301

7 Right-Bottom 15° 0.0834 0.0037 0.0795 0.0292 0.1793 0.0353

8 Right-Bottom 30° 0.0570 0.0022 0.0544 0.0198 0.1328 0.0214

9 Right-Bottom 45° 0.0457 0.0028 0.0377 0.0157 0.1651 0.0266

10 Right-Top 15° 0.1393 0.0042 0.1374 0.0453 0.2522 0.0402

11 Right-Top 30° 0.1024 0.0032 0.0998 0.0469 0.1918 0.0308

12 Right-Top 45° 0.0644 0.0030 0.0583 0.0223 0.1806 0.0291
* SME– Standard Mean Error,
**SD– Standard Deviation.
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0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

M
ea

n
 p

re
fe

re
n

ce
 w

ei
g

h
ts

Left - Bottom Left - Top Right - Bottom Right - Top

Fig. 2. Meanpreferenceweights for all experimental conditions.Whiskers denote 0.95 confidence
intervals.
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Most 
preferred

Least
preferred

1 2 3 4 5 6 7 8 9 10 11 12

4. Left-
Top
15˚

.1403

10. Right-
Top
15˚

.1393

5 Left-
Top
30˚

.1067

11. Right-
Top
30˚

.1024

1. Left-
Bottom 

15˚
.0848

7. Right-
Bottom

15˚
.0834

6. Left-
Top
45˚

.0700

12. Right-
Top
45˚

.0644

2. Left-
Bottom

30˚
.0617

8. Right-
Bottom

30˚
.0570

9. Right-
Bottom

45˚
.0457

3. Left-
Bottom

45˚
.0441

Fig. 3. Final preference hierarchy.

3.2 Analysis of Variance

A three-way Anova was used to check if the mean participant scores were significantly
influenced by the following three factors: Camera horizontal location, Camera verti-
cal location, and Camera angle. The results obtained presented in Table 3 revealed a
statistically significant influence of Camera vertical location, [F(1, 1104) = 460, p <

0.0001, η2 = 0.29], Camera angle [F(2, 1104) = 285, p < 0.0001, η2 = 0.34] and the
interaction between them (Camera vertical location × Camera angle) [F(2, 1104) =
27, p < 0.0001, η2 = 0.046]. Taking into account the Cohen’s [2] rule of thumb, the
effect sizes of Camera vertical location and Camera angle can be regarded as large
while their significant interaction as medium. The Camera horizontal location effect
was meaningless [F(1, 1104) = 1.7, p = 0.19]. The three-way interaction along with
all other two-way interactions did not affect the mean intentions of the subjects to buy
either.

Mean purchase intents for statistically important effects are illustrated in Figs. 4, 5, 6.
As shown in Fig. 4 participants much better perceived the product package if the camera
was situated in the top location in contrast to its bottom position (0.104± 0.00135 SME
vs. 0.0628 ± 0.00135 SME). The relative difference amounts to 65%. As far as the
Camera angle is concerned, Fig. 5 demonstrates a very strong decrease in the average
scores of the subjects along with the increase of the camera angles. The highest mean
intent to purchase was of the observed for the smallest 15˚ angle and was almost twice
as high as the lowest scores attributed to 45˚ angle conditions (0.112 ± 0.00166 SME
vs. 0.0561 ± 0.00166 SME). The 30˚ camera angle was placed in between with the
average preference weight of 0.0820± 0.00166 SME. Fischer’s LSD post-hoc pairwise
comparisons reported significant differences between all levels of the Camera angle
effect (α = 0.00001).

Analyzing the Camera vertical location × Camera angle interaction, graphically
shown in Fig. 6, one may generally observe similar patterns both for bottom and top
camera locations: the drop in averagewillingness to buy for the bigger and bigger camera
angles. However, differences between consecutive Camera angle levels are decidedly
larger for top camera locations than for their bottom counterparts.
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Table 3. Three-way analysis of variance results. The influence of Camera horizontal location,
Camera vertical location, and Camera angle on mean preference weights.

Effect Sum of
squares

Degrees of
freedom

Mean sum
of squares

F p η2

Camera horizontal location
(CHL)

0.0018 1 0.0018 10.7 0.19 0.0016

Camera vertical
location (CVL)

0.47 1 0.47 460 <0.0001* 0.29

Camera angle (CA) 0.58 2 0.29 285 <0.0001* 0.34

CHL × CVL 0.00031 1 0.00031 0.31 0.58 0.00028

CHL × CA 0.00056 2 0.00028 0.27 0.76 0.00050

CVL × CA 0.054 2 0.027 27 <0.0001* 0.046

CHL × CVL × CA 0.00090 2 0.00045 0.44 0.64 0.00080

Error 10.1 1104 0.0010
* α < 0.0001

The results obtained revealed a very clear pattern of increasing the buying intents
along with decreasing the viewing angle. A similarly strong effect of Camera vertical
location was observed: subjects markedly preferred top over bottom views. The Hori-
zontal camera location factor, in turn, did not meaningfully differentiate the purchase
intentions.
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Fig. 4. Effect of Camera vertical location
on the mean preference weights.
[F(1, 1004) = 460, p < 0.0001, η2 = 0.
29]. Whiskers denote 0.95 confidence
intervals
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confidence intervals
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Fig. 6. Effect of Camera vertical location × Camera angle interaction on mean preference
weights [F(2, 1104) = 27, p < 0.0001, η2 = 0.046]. Whiskers denote 0.95 confidence intervals

4 Discussion

The experiment focused on presenting the product package from various perspectives.
The obtained results revealed a very clear-cut pattern of increasing the purchase will-
ingness along with decreasing the viewing angle. A similarly strong effect of Camera
vertical location was observed: subjects markedly preferred top over bottom views.
The Camera horizontal location factor did not meaningfully differentiate purchase
willingness.

The effect ofCamera angle could possibly be explained by the reluctance of subjects
to positively rate objects with skewed lines versus horizontal or perpendicular ones. This
phenomenon called “the oblique effect” was reported by Jastrow already in 1892 [9]. A
review of this type of study is provided by Appelle [1]. This behavior may be related
to the way people process simple lines in the primary visual cortex, where particular
groups of neurons are specialized in detecting specific angles of processed lines. The
mechanism was first discovered in cats by Nobel Prize winners Hubel and Wiesel in
1959 [8]. Further physiologically based developments in this regard were presented by,
e.g., Furmanski & Engel [3], Li et al. [16], or Wurtz [33]. It seems that the less is the
number of skewed lines, the less processing needs to take place, which may increase the
preference towards a specific object shape. As a result, the best scored forms were those
presented at the smallest angle because most of the package edges were very close to
horizontal or vertical lines.

The obtained finding may also be related to experiments showing that people tend to
identify horizontal or vertical axes of symmetry faster than skewed symmetries. A sup-
port for this hypothesis for two-dimensional abstract shapes was presented in [10, 22,
23, 27, 31, 32], and for three-dimensional objects, e.g., by Koning & Wagemans [14].
Thus, for packages presented in the current study, at smaller angles the symmetry was
noticed more quickly and, according to [26], this may lead to higher preferences.

The finding of vertical and horizontal camera locations is interesting and to some
extent surprising. In the context of brain lateralization research outcomes (e.g., [6, 7]), it
could be assumed that the Left–Right camera location somehow influences the subjects’
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perception of the product, but the analysis did not no support this supposition. However,
participants strongly favored the top views over the bottom ones, which is in contrast to
the results obtained in [18]. Possible reasons for obtaining this result can be connected
with the typical purchasing situation in the real world. Usually, customers see products
on shelves or shopping windows below their eyesight. A similar explanation relating
to a typical situation in which people encounter specific objects was provided in [29]
where, generally, higher preferences of placing a digital bowl image in the upper parts
of the displayed frame were accompanied by better perceptions of a light fixture located
near the bottom of the frame. These typical situations may, in turn, develop the “best”
perspective view of a package called by Palmer et al. [24] as the canonical one.

Furthermore, the natural viewing angle, the so-called normal line of sight, lies
approximately between 25 and 35 degrees below the horizontal line of sight if both
the head and eyes are relaxed [25, p. 461]. Thus, the biological cost of looking at prod-
ucts from the bottom is greater than that for objects visible from the top. Users might
subconsciously consider these real-life experiences while expressing their willingness
to purchase towards digital product demonstrations.

Although the research was conducted thoroughly, there are some limitations that
must be considered when interpreting the results. The study involved participants with
similar demographic, cultural, and social characteristics. Although it can be seen as
an advantage in some circumstances, the subjects are not representative of the whole
population of target product buyers. Another issue relates to the fact that we examined
purchase intentions by computing relative preferences. These data could not fully reflect
actual buying behavior in real-life. Furthermore, our findings can be specific to small
electronic products, which should be verified in further research.

5 Conclusions

This research investigated the impact of product packaging viewing perspective on peo-
ple purchase intentions. Unlike previous studies, we examined the issue in a considerably
more systematic way by involving a number of specific viewing angles that varied in
two dimensions: vertical and horizontal.

This article confirms prior studies indicating that the presentation of peoples or
objects fromdifferent anglesmay affect the perception of observers.Our findings showed
that purchase willingness is the greatest when packages are pictured from a top viewing
angle. This is in contrast to the outcomes presented in previous studies on picturing and
filming of persons or advertising products. Unexpectedly, there were no differences in
the presentation of packages on the left or right side, which could have been the case in
light of brain lateralization research. The larger camera angles used to picture packages
produced lower and lower values of purchase willingness, which was not reported earlier
to the best knowledge of the authors.

The findings of this study expand the corpus of knowledge on human visual process-
ing behavior of various three-dimensional shapes in a specific context. They provide
useful practical implications regarding the usability of product digital presentations,
which are of potential interest for computer graphics designers in various areas.
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Abstract. Brazil is conducting tests to offer questionnaires on the Web as an
option for collecting data for the demographic census. This research aims to con-
tribute to the census’s success in approaching human-computer interaction and
user experience (UX) design. Our goal is to focus on the respondent, analyze
problems of online data collection, and propose strategies to enhance UX design.
Citizens responding to the census online is a substantial innovation in obtaining
data. This condition is a considerable challenge, as there is an immense diversity
of respondents: they will have to interpret the questions and interact independently
with the questionnaire. This article sought to comprehend some critical aspects of
the interaction and maximize the usability of the online survey. Communication
between the questionnaire and citizens must be clear and intuitive to accomplish
a satisfactory user experience. This study examined 365 recommendations from
census takers – grouped by themes. It developed a set of fourteen proto heuristics
for self-administered online questionnaires.
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1 Introduction

With systematic data collection, demographic censuses are one of the primary refer-
ence sources for producing information on people’s profile and living conditions. It
monitors changes and socioeconomic characteristics of a population, which is vital for
understanding the economy and society [1].

The most considerable difficulties of demographic censuses are related to the cost
and complexity, which represent challenges for any country. The traditional method of
data collection, characterized by face-to-face visits to households carried out by census
takers, has been increasingly questioned.
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The data collection phase could cost up to 75% of the census operation budget.
Another unfavorable fact is the population’s decreasing willingness to participate in
surveys. Ultimately, the Covid-19 crisis reinforced the need to rethink face-to-face data
collection [2].

These difficulties have led several countries to consider other forms of data collection
without the direct support of census takers [3]. One of the alternatives is the adoption
of online forms. National statistics offices have encouraged people to respond to ques-
tionnaires on the Web – an innovation regarding the traditional way of obtaining data.
However, citizens will need to independently interpret and effectively interact with the
questionnaire without the support of a census taker. This issue can impact data quality.

Difficulties and limitations in using the Web are essential concerns: technological
problems can lead to an abandonment of questionnaires. In addition, communication
between citizens and the electronic questionnaire must be clear and intuitive, ensuring
an adequate user experience. Usability and UX strategies are recommended in self-
administered interviews to increase citizens’ satisfaction and improve their experience
when filling out the questionnaires (Kaczmirek 2008) [4].

1.1 The Brazilian Demographic Census

The Brazilian Institute of Geography and Statistics (IBGE) is responsible for the Brazil-
ian census. IBGE’s census is budgeted at around US$615 million1 for an estimated
population of 212.2 million people [1]. This operation may involve more than 250 thou-
sand census takers2 visiting 70million addresses in 5,570 geographically dispersed cities
in a territory with continental characteristics.

Brazil has been carrying out regular tests for the demographic census, which will
apply a mixed-mode data collection, using traditional techniques (face-to-face and tele-
phone interviews) and internet data collection. The Institute practitioners developed a
testing website [5], where census takers tested the questionnaire and collaboratively
shared their experiences. In total, census takers produced 365 comments describing
opinions, ideas, criticisms, and recommendations, emphasizing the crucial aspects of
online data collection. This study analyzed all these comments, grouping them by theme
and identifying fourteen critical areas. The goal was to comprehend the recurrent data
collection problems and lower their effects in designing the online questionnaire.

We aim to support scientific understanding on constructing an online questionnaire
with acceptable usability and help offer the population a friendly, understandable, and
efficient solution. Focusing on the respondent and analyzing the problems of online
data collection, this research aims to contribute to the census’s success by approaching
human-computer interaction and user experience (UX) design issues.

1 R$ 3.4 billion (Brazilian Reais). Exchange rate in 01/17/2022: US$ 1 = R$ 5.5350. (Source:
Bloomberg).

2 Brazil has teams spread across the country to carry out in-person and telephone interviews,
made up of two types of professionals: census takers, who collect data from respondents,
and the supervisors, who manage teams of census takers. This article preferred to call these
professionals census takers to simplify the comprehension.
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2 Data Collection Methods in Demographic Censuses

The typical instrument for data collection in demographic censuses is a questionnaire.
Questions can be answered through face-to-face or telephone interviews, mediated by
census takers, or answered by the citizen through the post office or the internet. This
article will focus on the data collection method supported by questionnaires on theWeb.

In the CAWI (Computer-Assisted Web Interviewing) method, data collection does
not require the intervention of the census taker: the citizen himself reads and answers
the questions on the screen.

The problem, in this case, is that the rate of online responses varies among countries,
and not all countries have reasonable rates in this kind of experience [3]. It is not possible
to predict the acceptance of the population. Particular characteristics are essential, such
as the proportion of access to the internet and how society behaves towards technologies.
The online approach runs the risk of excluding specific groups (such as the elderly or
poor people) and determining the predominance of particular audiences, such as younger
people or those residing in urban areas [6].

3 The Importance of Usability and UX

Usability is a software quality requirement that aims tomake the communication between
the user and the systems transparent and intuitive. It defines guidelines that determine
whether the handling of a product is easily and quickly learned, hardly forgotten, does not
cause operational errors, offers a high degree of satisfaction, and efficiently solves tasks
for which it was designed (Leal Ferreira and Nunes 2008) [7]. In addition to usability,
there are complementary criteria that we can add to the user experience proposal, such
as emotion, credibility, aesthetics, performance, and security. The user experience (UX)
approach can encourage users to use the product (or service) not only because they find
it easy to achieve their goals but also because they transmit positive emotions (Agner
2018) [8].

The application of usability principles must be a priority when migrating from paper
questionnaires to onlinemedium: the process requiresmuchmore than simply converting
the paper instrument into a web format, said Kaczmirek (2008) [4]. The development
of the questionnaire must be centered on users’ needs – in this case, citizens – since
questions and answer options canbe dependent on the interface design.Wemust carefully
conceive the interface design, from visual presentation of questions and answers, to
support and help functions (Tavares 2011) [9].

Kaczmirek (2008) [4] pointed out that census takers receive training to operate
and interpret the questionnaire, but there is no training in the case of questionnaires
completed by citizens. Therefore, usability studies are even more recommended for
self-administered questionnaires.

It is essential to create a user interface with simple navigation. Clear text and usable
help instructions – easy to use and independent of prior knowledge – can minimize data
entry errors, emphasized Kaczmirek (2008) [4]. Reducing the probability of generating
mistakes, inaccurate interpretations, and avoiding interaction problems increases the
quality of a census and contributes to user satisfaction.



262 P. Z. Tavares et al.

4 Research Method: Affinity Diagram

Using a testing questionnaire on the Internet, hundreds of skilled census takers spread
throughout the country shared their suggestions to improve it. Three hundred and fifty-
six reports included opinions, ideas, evaluations, or recommendations, emphasizing the
critical aspects of online data collection. This study analyzed these suggestions, which
were full of essential advice and diverse points of view. The systematic reading of
contributions supported the construction of specific practical guidelines to evaluate the
UX design.

4.1 Classifying the Suggestions: A Bottom-Up Analysis

An affinity diagram is a tool for managing voluminous and qualitative data to organize
ideas and create groups according to similarity. Courage andBaxter (2005) [10] proposed
that an affinity diagram could contribute to structuring a diversity of opinions. This study
performed a bottom-up analysis to organize the suggestions. The objectivewas to explore
unique ideas, look for relationships between them, and group them into categories with
the same topic.

The suggestions were grouped into topics with similar concepts. Researchers should
avoid determining categories in advance, as the ideas need to flow according to intuition
and creativity. After analyzing all recommendations, this research placed them on stacks
that contained common issues. Some suggestions had more than one idea, so they were
duplicated to be represented in different stacks. Other suggestions raised doubts andwent
to a separated group for future classification. This process was repeated until all notes
had a suitable group (Courage and Baxter 2005) [10]. In the end, fourteen categories
emerged to classify all suggestions. Results stimulated us to search for complementary
issues.

5 Proto Heuristics for On-Line Self-administered Questionnaires

Hermawati and Lawson (2016) [11] suggested that heuristics developed exclusively for
specific domains may identify usability problemsmore precisely than generic heuristics.
Ignacio (2022) [12] shared this hypothesis: he bet on creating heuristics contextualized
to the business models of specific companies where they will be applied.

Beyond Nielsen’s heuristics (2020) [13], Couper (1994) [14] offered specific heuris-
tics to evaluate the interaction between the interviewer and the collection instrument,
and Kaczmirek (2008) [4] proposed a specific framework to analyze the respondents’
cognitive capacities and processes during the task of answering an electronic question-
naire. Despite proposals by renowned authors, this research noted a gap in heuristics for
the specific context of online data collection through questionnaires answered directly
by the respondent (in the Brazilian context).

According to Wilson (2020) [15], we can learn a lot from the interviewers about
problems associated with face-to-face data collection. Therefore, based on census tak-
ers’ observations, we developed an initial proposition of a set of specific heuristics
for evaluating the usability of online self-administered census questionnaires. They are
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called ‘proto heuristics’ (the prefix proto expresses the notion of ‘first’ or ‘previous’)
since the effectiveness of these heuristics has not yet been validated through experiments
(Hermawati and Lawson 2016) [11]. The fourteen proto heuristics and the percentage
of suggestions associated with them appear in Table 1:

Table 1. Proto heuristics for online questionnaires and the percentage of suggestions associated
with them (Source: the authors).

Proto heuristics Percentage

Help and documentation 21,10%

Make help available on all screens

Explain the research concepts

Offer extra help on items that traditionally cause doubt

Enable personalized help

Clarity of texts and information 20,27%

Make questions and answer choices self-explanatory

Keep the questionnaire communicable

Show useful supplementary data

User interface (UI) design 17,81%

Provide efficiency to the UI design

Employ adequate elements to highlight important information

Validation rules and questionnaire flow 15,89%

Reduce the respondent’s cognitive effort 5,48%

Simplify data input

Perform automatic calculations and procedures

Communication with the respondent 4,93%

Take care of the starting approach

Explain the importance of research

Establish a two-way dialogue between the research and the respondent

Consistency and standardization of the questionnaire 3,29%

Visual standardization

Organization and navigation

Corrections and text revisions 2,74%

Remove instructions for the census taker

Remove technical terms

Respondent’s mental model 2,74%

Household composition

Use real-world language

(continued)
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Table 1. (continued)

Proto heuristics Percentage

Respondent control and freedom 2,74%

Ensure survey accessibility 1,64%

Independence from technology 0,55%

Security and authentication 0,55%

Data privacy 0,27%

Total 100%

Next, we present the descriptions and subdivisions of the set of proto heuristics.
This research pursued conceptual foundations in the literature to explain each one and
provided quotes from the census takers’ suggestions.

5.1 Help and Documentation

One of the main characteristics of the questionnaire on the Web is that it is self-
administered by the citizen. There is no census taker to explain the concepts or interpret
the question for the respondent. Therefore, it is up to the system to support the respondent
directly. The topic Help was the most cited by census takers (21% of the suggestions),
who examined efficient ways to assist the respondent. Help and documentation has four
subdivisions:

Make Help Available on All Screens. The questionnaire should have a help area ori-
ented to the context of each question or task that the respondent is completing. Help
should be useful, simple, well-written, and straightforward. It must always be visible,
highlighted, and easily accessible whenever necessary. The following are some quotes
from the census takers:

"This question does not have a ‘Help’ button: there is no alternative to clarify
doubts."

"The ‘Help’ menu is not available throughout the whole questionnaire."

Explain the Research Concepts. Most suggestions pointed out concerns about the
concepts used in the questionnaire. Citizens must understand the principles to answer
the questionnaire correctly. Descriptionsmust clearly and concisely explain the concepts
to citizens uninitiated on the matter. Some quotes from census takers are:

"What is the difference between ‘occupation’ and ‘activity’? People will have
doubts here.”

"It’s better to explain what a ’collective household’ is."

"Answering the number of rooms presupposes that the citizen knows some concepts
behind the number."
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Offer Extra Help on Items that Traditionally Cause Doubt. There are sensitive
questions that may need detailed instructions, either because they contain complex texts,
take longer to answer, or because theydealwith topics that typically generate controversy.
It is essential to add extra help to avoid interruptions, abandonment, or incorrect responses
in these cases. Some quotes from census takers are:

"Brazil has a remarkable diversity of religions. This characteristic can generate
confusion."

"All questions about fertility should have a help icon next to it."

"The ‘Occupation and activity’ questions frequently challenge the respondent’s
comprehension."

Enable Personalized Help. Even with traditional help, the citizen may not answer
specific questions correctly and may need personalized help. In this case, automated
answering tools such as chatbots and virtual assistants can be good options. The respon-
dent can ask the question in natural language and better understand the matter. Some
quotes from census takers are:

"A help box on the concepts of autism is essential."

"Can a Ph.D. degree be considered as a paid work/internship?"

"For a person who does the cleaning on their own, this question might be somewhat
confusing."

5.2 Clarity of Texts and Information

In the absence of a census taker for direct support, communication between the ques-
tionnaire and the respondent becomes crucial for online data collection. Communication
should help the respondent to correctly fill in the answers and guide their navigation in
the questionnaire. Vague, ambiguous texts that cause doubts or insecurity in the respon-
dent must be avoided. Poorly written questions can negatively impact the experience
(Agner 2018) [8]. The clarity of the texts, cited by about 20% of the suggestions, can be
improved in three situations:

Make Questions and Answer Choices Self-explanatory. The texts must be clear and
detailed, with no grammar mistakes. The technical language, codes, and acronyms must
be converted into a natural language to make it closer to a personal interview (Wil-
son 2018) [16]. Understanding the question is essential not to cause discomfort to the
respondent. In addition, a poorly understood answer can lead to inconsistencies in later
questions. Some quotes from census takers are:

"Questions about the municipality can state the name of the city instead of ’this
municipality’ to avoid confusion."

"What was the highest course you have attended previously? The word ‘previously’
is confusing."
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Keep the Questionnaire Communicable. The alert messages and the help area intend
to provide security and guide the respondent. Mismatched information can generate
uncertainty and augment the respondent’s chances of dropping out of the questionnaire.

"The question asks the citizen to answer in months, but the help guides to answer
in years."

"This question asks for the value, but it does not have an option to mark the value."

ShowUseful Supplementary Data. Some additional data already stored by the system
can be helpful and provide a significant differentiator for the task flow.

"In the area about the household, it would be interesting if the age of each resident
appeared next to the name."

"The household resident’s name appears without a surname. It’s not good: there
may be residents with the same name and different surnames..."

5.3 User Interface (UI) Design

The questionnaire’s user interface design influences the respondent’s engagement in the
survey as taught byBosnjak andTuten (2001) [17] andCouper (2008) [18].As 18%of the
messages indicated, complex interfaces or poor graphic design can trigger problematic
behaviors, such as interruptions, omission of data, or increased time completion. The
user interface (UI) should drive the citizen to better understand the information and
facilitate his task (Tavares, 2011) [9]. This recommendation includes two aspects:

Provide Efficiency to the UI Design. Each visual element of the user interface (UI)
must emphasize questions and answer options.Questionswithmutually exclusive answer
choices may solicit drop-down menus. Instead, radio buttons involve less effort to com-
plete, as they require only a single click, stated Bosnjak and Tuten (2001) [17]. UI
designers must avoid excessive scrolling and grids with many items. Those items are
complex and negatively impact response rate (especially onmobile), as argued byCouper
(2008) [18]. Poorly designed screens and improper visual elementsmay confuse citizens,
causing data entry errors.

"The ‘Previous’ and ‘Next’ buttons overlap the response options."

"In the registration screen, the ‘Save and End List’ and ‘Save and Register New’
buttons are extremely close to each other and may cause errors."

"The ‘Agree’ button is on the left side and the ‘Disagree’ button on the right. I
think it should be the other way around."

Employ Adequate Elements to Highlight Important Information. Adding suitable
design elements (highlights, bold or highlighted text boxes) improves the user experi-
ence. The purpose is to increase attention to some critical areas to better understand
the information and efficiently complete the task. Each informative element, if properly
designed, contributes to providing support in the questionnaire navigation (Agner 2018)
[8].
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"Even though I am an expert, I hardly noticed the ‘Help’ menu."

"The field for income information must gain prominence (a box, for example), or
most people will not realize it exists."

"Some questions are related to ‘Up to the reference date’; others are on the
’reference date’. The graphic interface should alert users about the distinction."

"Bad visualization of the minimum age to provide information. Insert visible
information: the respondent must be at least ten years old."

5.4 Validation Rules and Questionnaire Flow

One of the advantages of electronic questionnaires is the automatic inspection of the
responses. Consistency checks and validation rules can be performed for data verifica-
tion, avoiding errors during typing. The questionnaire flow follows an algorithm that
guarantees correct automatic skips (Couper 2008) [18]. Since the census taker is not
there to inquire about incoherent answers, these procedures guarantee a reduction of
the errors made by the respondent. Among the suggestions, 16% drew attention to the
importance of validation rules for the questionnaire.

"You can answer 99 bathrooms without a warning message? There should be an
automatic inspection."

"It is possible to have a 5-month-old mother!"

"You may have an 18-year-old resident who can have ten, twenty, or thirty
children?"

"Does your father live in your household? There are no men in the household...
So, I believe there should be a skip here."

5.5 Reduce the Respondent’s Cognitive Effort

The characteristics of the respondent vary, from their capability to answer questions to
their motivation. Therefore, the need to resort to memory, such as performing calcula-
tions, translating codes, or recalling previous answers, requires a high cognitive load
from the respondent. This issue may discourage citizens from answering the question-
naire (Tavares 2011) [9]. For this topic, covered by 5% of the census takers’ suggestions,
the following points emerged:

Simplify Data Input. Using computer resources to minimize typing effort is critical to
avoid the respondent abandoning the task.

"State, city, and country could open on the same screen to speed up..."

"The page about knowing how to read and write could show all residents at the
same time to speed up…."

"Questions about work open a screen for each resident… It is tedious!"

Perform Automatic Calculations and Procedures. Date and value calculations, field
autocompletion, and recurring task automation capabilities are good approaches to
reduce the time required to complete the task and minimize the respondent’s memory
overhead.
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"If the resident does not know the day of birth but knows the month and year, the
system should estimate his or her age."

"The answers should be automatically saved."

"The questionnaire can cause fatigue, depending on the number of residents.
Consequently, the citizen may evaluate it as a bad user experience."

5.6 Communication With the Respondent

Census takers represent the institution during face-to-face interviews. However, ques-
tionnaires become the only communication channel between the research institute and
the respondent during online surveys. This criterion, commented on by 5% of the
suggestions, can be subdivided into the following items:

Take Care of the Starting Approach. Census takers master respondents’ approach
creating a bond of trust and putting them at comfort so that the interview flows easily.
They are friendly and elegant, as it is mainly at the beginning of the interview that
refusals occur. As there is no census taker online, the system should play its role, offering
a “welcome” to the respondent. The interface must be engaging and easy to understand,
increasing reciprocity and motivation (Agner 2018) [8].

"If the citizen forgets his/her password, a severe warning appears… This message
can lead citizens to give up."

"It is intimidating to ask for the Individual Taxpayer Identification Number in the
opening questions."

Explain the Importance of Research. The respondents are curious about the research
goals (Tavares 2011) [9]. A simplified explanation about how the government uses the
data and howeach questionwill contribute to societywould be constructive.Knowing the
relevance of the census, the respondent may feel stimulated to fill out the questionnaire,
increasing its response rate.

"The question includes no explanation about the significance of examining color
or ethnicity in the census."

"It would be helpful if there was a short exposition of the goals of each question."

Establish a Two-Way Dialogue Between the Research and the Respondent. The
survey builds credibility and confidence and engages the respondentwhen demonstrating
professionalism. The official communication channels of the research institute must be
highlighted so that the respondent can maintain direct contact in case of doubts, as
suggested by Couper (2008) [18].

"The bottom bar shows the call center number but no opening hours."

"The message ‘a census taker can visit you to confirm the information’ should
appear in large letters."
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5.7 Consistency and Standardization of the Questionnaire

As the citizens do not have previous training to respond to the census, it is vital to
maintain a design standard throughout the filling process. By creating consistency, the
respondent learns more quickly and feels confident to use his knowledge in the following
questions.

Visual Standardization. Standardization helps the respondent’s mental effort to under-
stand the questions and the accuracy of the answers. In addition to the respondent’s
cognitive effort to complete the task alone, the visual complexity can be prejudicial. A
clear and organized layout of the information, colors, fonts, and other visual or textual
elements must maintain a standard from the beginning to the end of the questionnaire.
Standardization may extend to other surveys within the same institution (Tavares 2011)
[9].

"Keep all income questions consistent."

"This question seems less formal than the other questions."

"These two options should be standardized for the next six questions."

Organization and Navigation. The organization of questions and answers and the
number of pages of the questionnaire may vary as it must consider the characteristics of
the survey (complexity and size). The entire survey can be presented on a single page
(scrolling survey design) or one question per page (paging survey design), remarked
Couper (2008) [18]. It is also possible to organize according to the residents. The ques-
tionnaire may be presented in its entirety for each resident or by questions. In this case,
each question requests all residents to respond. Regardless of how they are organized, it
is essential to choose a pattern and respect the navigation structure (Tavares 2011) [9].

"In some parts, the questionnaire asks questions to all the residents at once. In
other parts, it follows a flow for a specific resident. I did not find consistency."

"Concerning ‘occupation and activity, it would be better to show a list of options,
as in other surveys....”

5.8 Corrections and Text Revisions

When migrating from questionnaires administered by census takers to self-completion
modes, it is essential to review texts, answer options, buttons, error messages, and help.
In this matter, one can list the following developments:

Remove Instructions for the Census Taker. All instructions to the census taker should
be deleted and rewritten, focusing on the respondent. Avoid forgetting instructions that
are only useful in a face-to-face interview.

"Help is aimed at the census taker, not the citizen. It does not clarify the topic."

"Help text is very similar to the census manual, although it has a different target
audience."

"Here is an explanation that seems to make sense only to the interviewer in a
face-to-face interview…."
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Remove Technical Terms. The target audience of the online questionnaire is diverse,
and there is no training to answer the questionnaire. Census takers are trained in the
terms used by the research institute, but the general public may not be familiar with the
jargon.

"In the help menu, the explanation is extremely technical."

"The definitions of ‘domicile’ and ‘resident’ were taken from the census taker’s
manual. The explanations must adapt to the respondent."

5.9 Respondent’s Mental Model

We must understand how the respondent thinks and conceptualizes a topic to build
the questions and questionnaire flow. The respondent bases himself on his reality to
understand the questions. Therefore, he builds his answers according to the mental
models3 of his daily life.

Household Composition. The registration of basic demographic information about
each family member is the foundation of the questionnaire. The questions will appear
later following residents’ data. Understanding how the respondent visualizes the family
hierarchy is essential to design this interface. Residents must be registered and classified
with their correct relationship with the householder. All functionalities and navigation
must be based on this list.

"Understanding the idea of ‘resident’ will help start the questionnaire correctly."

"The resident chart should be better organized. There is no logical hierarchy in
the residents’ chart."

Use Real-World Language. Understanding the concepts already established in citi-
zens’ daily lives is necessary to maintain easy-to-understand communication and help
them answer the questionnaire efficiently.

"Time format as we are used (HH:MM) would make things easier."

"Requesting the first name in one field and the last name in another field can be
difficult. Usually, the forms request the first and last name in the same field."

5.10 Respondent Control and Freedom

A good experience in using the questionnaire allows the respondent to feel that he or
she has control of filling out the data. Suppose he or she forgot to include a resident
in the household or needs to go back to correct the answer to a previous question.
The questionnaire should provide signaled mechanisms to correct the mistakes without
prejudice to the data.

3 The notion of a mental model has already been defined by Nielsen as follows: “A mental model
is based on belief, not facts: that is, it is a model of what users know (or think they know) about
a system.” (Nielsen, J.: Mental Models. (2010). https://www.nngroup.com/ articles/mental-
models, accessed 13Oct 2020). In an online census, onemust consider the citizen’s expectations
about how information should be structured and how its flow should be.

https://www.nngroup.com/
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"Field for comments, criticisms or suggestions is limited to a few characters."

"The system does not allow access after the end of the questionnaire. It should
allow access to correct data."

"If the respondent does not have the taxpayer identification number, he or she
should have the possibility to inform it later."

"Regarding religion, one cannot manually fill in the answer."

5.11 Ensure Survey Accessibility

Besides technological diversity, it is necessary to address human diversity. The audience
of a census is extensive, and the proportion of the population utilizing the Internet is
still variable, mainly characterized by young people with higher education living in
urban areas [19]. The census should not favor a particular audience or exclude other
groups – such as people with limitations, the visually impaired, the elderly, less educated
individuals, low-income populations, and citizens living in rural areas. The online census
should be an opportunity to increase the reach, so accessibility is essential to encourage
everyone to participate [6].

"The font size and graphic presentation make it difficult to read the questions."

"It is important to highlight the sign language options icon."

“Insert an option to increase the font size of the questionnaire.”

5.12 Independence from Technology

Designers must ensure that the questionnaire works on old computers or with slow
connections and can offer the possibility of being read by assistive technologies. One
should think of aminimalist design that does not rely on specific technologies. According
to Wilson (2018) [16], designers must develop within the mobile-first concept to create
the interface first for mobile devices and then perform adaptations for other platforms.
By focusing on limited screen space, the designer optimizes the layout and displays only
what is necessary to convey the concepts of the survey.

"On the laptop, the user has to move the scroll bars many times... It is not
pleasant..."

"In rural areas, the captcha is quite slow and may discourage filling out the
questionnaire."

5.13 Security and Authentication

Online data collection brings information security a significant challenge. Besides main-
taining the availability of the questionnaire during the census period and protecting the
confidentiality of the data, a secure technological infrastructure must prevent malicious
damage. The login must have two attributes: (a) be simple to prevent the respondent
from giving up before starting, and (b) be reliable, providing security controls to ensure
individual access so that respondents trust their personal information is protected.
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"The access is blocked after entering an incorrect password three times. The system
should allow more attempts..."

"It is worth noting that the login and password can lead the user to failure. The
sequences of numbers, letters, and symbols are often confusing. Some citizens
confuse the letter O with the digit zero."

5.14 Data Privacy

Online surveys bring the opportunity to link respondents’ answers to paradata (Couper
2008) [18], (Tavares, Agner and Leal Ferreira 2021) [20]. Paradata are additional data
tracked during the completion of the questionnaire, such as geographic location, time, IP
address, among others. Data privacy regulations say that the respondent must be warned
about such tracking and express his or her agreement. The survey should be transparent
about the collection, use, and data storage, and keep with good practices in statistical
production [21], statistical confidentiality [22], and personal data protection as described
in legislation [23].

"To ease access to the respondent and obtain authorization regarding the use
of personal data, I suggest inserting a link to LGPD [Brazilian personal data
protection law] information."

6 Conclusion and Notes for Discussion

The Internet brought opportunities for research institutes to offer online questionnaires to
be filled out by citizens. Online censuses request an easy-to-use, accessible, and elegant
design that matches user experience (UX) requirements. The respondents will largely
depend on the interface design, as they will not have the census taker to support and
interpret the questions and the answer options.

This study aimed to deeply comprehend the recurring problems in online data collec-
tion. Its goal was to learn from census takers, who collect data by approaching respon-
dents in their households. Thiswork sought to understand the critical points andminimize
their impact on the online survey. By offering an excellent user experience to the respon-
dent, he or she can be motivated to conclude the questionnaire. Therefore, the response
rates – indicators of statistical quality – can grow.

This research analyzed 365 suggestions from census takers containing observations,
evaluations, and recommendations about the online questionnaire – plenty of suggestions
to improve the user experience.

Aspects such as help, clarity, revision, and screen design, were broadly commented
on by census takers to ensure independence, efficacy, ease of use, accessibility, security,
and guidance. Good communicability plays a vital role in inviting the citizen to answer
the questions – a role analogous to a census taker approaching a household for the first
time.

The importance of preventing errors highlighted the necessary input data checks,
skips among questions, and overall flow, which are methods that may guarantee integrity
and data quality.
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Some recommendations proposed standardization to reduce citizens’ cognitive
effort. Other suggestions brought the need to apprehend the mental model of the
respondents, their constraints, abilities, and expectations for the understanding of the
questionnaire (questions, answers, messages, and instructions).

The suggestions also emphasized the diversity of respondents and technologies.
Before the Web, the questionnaires were restricted to census takers holding equipment
supplied by the research institutes. After the Web, they reached a broader audience and
included various devices, browsers, and network connections. Web accessibility stan-
dards request suitable data collection instruments that seek to avoid excluding specific
groups due to intellectual, physical, or technological limitations.

The percentages presented in Table 1 show the census takers’ points of view. They
are not necessarily the issues that may occur during the actual access of citizens. Despite
the significant differences observed in the percentages, all the problems deserve attention
to improve usability and user experience (UX).

This work is part of doctoral research; it proposes identifying possible UX incon-
sistencies and contributing to a suitable online data collection from the point of view
of human-computer interaction. Further development can involve detailing case studies
and undertaking remote usability testing with prototypes to validate the effectiveness of
the proto heuristics built in this study.

Note
The content of this article is the sole responsibility of the authors, and does not reflect
the opinion of the Brazilian Institute of Geography and Statistics (IBGE).
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Abstract. Due to technological progress, financial institutions have included
ATMs as one of their main channels as a way to decentralize their services. How-
ever, there is a gap between user expectations and their perceptions regarding
what ATM interfaces offer. As a result, several users feel dissatisfied after using
ATMs and many times this dissatisfaction is related to the difficulty of use, design
flaws and the fact of committing many errors when interfaces have a low degree
of usability. In this sense, in this study we present a Systematic Literature Review
(SLR) about usability on ATM interfaces. With this study, we want to understand
the current situation of the problems mentioned before, so we seek to know the
problems and challenges that have been presented lately for these electronicmedia,
as well as the solutions that have addressed these problems, and the techniques
and methods used to carry out these designs or redesigns. For this, the protocol
proposed by Kitchenham was followed. Scopus, ACMDigital Library, Alicia and
IEEE Digital Library were searched, and finally 51 papers were selected as rel-
evant. With this information it was possible to identify and analyze challenges,
usability issues, usability evaluations, and techniques and methods used to carry
out designs or redesigns, as well as case studies of designs or redesigns in the ATM
domain. We found that this topic is being developed in recent years, that there are
common challenges encountered, and that designs, redesigns and usability eval-
uations have been carried out in this domain under different methods, techniques
and frameworks. However, several of these usability issues persist today.

Keywords: Human-computer interaction · Automatic teller machine ·
Usability · Systematic literature review · Banking system

1 Introduction

ATMs are electronic media that allows users to carry out transactions without the need to
interact with a representative of a bank [1]. Currently, ATMs have become an important
channel for both financial institutions and their customers due to the benefits that these
offers; such as the fact that banks can provide their services 24 h a day through ATMs
and those customers do not need to go to banks to take advantage of these services [2].
Therefore, it can be said that practically no bank operates without ATMs [3] as well as
that anyone has a credit or debit card [1] and some even use cardless technology, which
consists of carrying out transactions without the use of a physical card [4].
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However, according to Aguirre, the lack of consideration for users in the design of
ATM interfaces has caused usability issues [5]. Also, in a study carried out in Peru [2], it
is mentioned that a gap exists between user expectations and their perceptions regarding
what ATM interfaces offer. As a result, several users feel dissatisfied after using ATMs
and ask questions such as why ATMs do not remember the accounts they use [6]. It is
also mentioned in another study [7] that user dissatisfaction with ATMs is due to their
difficulty in use, their design and the many mistakes they made.

In this paper, a Systematic Literature Review (SLR) was carried out to identify case
studies, methodologies, problems, challenges and good practices related to the design
and redesign of interfaces in ATMs, in order to know how the relationship between
usability and ATMs has developed.

This paper has the following structure: Sect. 2 presents the most relevant concepts
and how they are used in this research. Section 3 details the planning and execution
of the SLR, and Sect. 4 details the results obtained. Finally, Sect. 5 presents the main
conclusions and future work.

2 Theoretical Background

In this section, we present the most important concepts related to this research.

2.1 ATM

ATMs (Automatic Teller Machines), are computerized electronic telecommunication
devices that are established as a method of direct communication between clients of
financial institutions and their respective bank accounts [8]. It is also mentioned that
ATMs are self-service banking terminals that have, among their functionalities, making
deposits andwithdrawals, aswell as other banking transactions such as balance inquiries.

Usually, its operation begins with the entry of a bank card and the Personal
Identification Number (PIN), and then follow the flow of the process of some
functionality.

In 1967, the first ATM was opened in London and since then no bank has operated
without these devices [5], thus they form an important part of the smart transformation
of bank branches [1].

2.2 Interface

This term refers to user interfaces. According to ISO 9241–210, user interfaces are all
the components of an interactive system that provide information and control to the user
in such a way that they can achieve specific tasks with the interactive system described
above [9]. For example, in an interface, users can select and move objects on the screen,
in each of these cases, usersmust initialize the interactionwith an action and the interface
must communicate with a change in its state by showing a response to the user [10].
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2.3 Usability

According to ISO 9241–210 [9], usability is the extent to which a system, product or
service can be used by specific users in such a way that they achieve the objectives of
effectiveness, efficiency and satisfaction in a specific context of use. Nielsen [11] pro-
poses that usability has multiple components and that in a traditional way an association
is made with the following 5 components:

• Learning ability, which means that the system must be easy to learn so that users can
quickly start working with it.

• Efficiency, which refers to the fact that a high level of productivity will be reached
when the system has been learned to use.

• Memory capacity, which means that the system must be easy to remember, so users
will not have to struggle to relearn the system when they want to use it after a while.

• Errors, this component refers to the fact that there should be a low rate of errors per
users and that, if an error occurs, users will be able to recover from them.

• Satisfaction, this component means that the system must be pleasant to use in such a
way that users feel satisfied.

2.4 User Centered Design

According to ISO 9241–210 [9], User Centered Design (UCD) is an approach for the
design and development of systemswhose objective is tomake such systemsmore usable
in terms of their use through the utilization of knowledge, techniques of human factors
and usability. A similar concept is found in another study [12] where it is mentioned that
UCD incorporates the point of view of users in the software development process with
the aim of obtaining a system with a high degree of usability.

3 Planning and Executing a SLR

In this section, we describe the research process that allowed obtaining relevant studies
that address usability in the ATM domain. This exploration of the literature aimed to
identify case studies, methodologies, problems, challenges, and good practices related
to the design of ATM interfaces. This (SLR) was carried out using the protocol proposed
by Kitchenham [13].

3.1 Objectives of the SLR

The main objectives of this SLR are detailed as follows:

• Determine the challenges that have emerged in the user interaction with ATM
interfaces and their relationship with the user needs.

• Identify usability issues that have been reported in relation to ATM interfaces and
how these issues have affected the User Experience.

• Collect frameworks, methodologies, and good practices in case studies in which a
design or redesign of ATM interfaces has been carried out and how these projects
have been performed.
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3.2 Research Questions

To achieve the review objectives, the following research questions were formulated:

• RQ1: What challenges have been identified in the use of ATMs, and how do they
relate to the users’ needs?

• RQ2:What usability issues have been perceived in ATM interfaces, and how do they
affect the user experience?

– RQ2.1:What usability evaluations have been reported in the development of ATM
interfaces, and how do the results affect the degree of usability perceived by users?

– RQ2.2: What techniques have been reported in the literature for the design and
redesign of ATM interfaces according to the UCD phases, and in what way have
they been used?

• RQ3: What case studies on the design and redesign of ATM interfaces have been
reported in the literature, and how were they carried out?

For the SLR, the PICOC criteria [14] are used, which are the following: (1) Popula-
tion, referring to the object of study, (2) Intervention, related to those aspects that will be
studied from the population and how the research will be carried out, (3) Comparison,
referring to comparisons between several interventions, (4) Outcomes, which is related
to what is expected to be obtained from the systematic review, and (5) Context, which
establishes under what scenario or circumstances the case studies to be identified were
carried out. These criteria are presented in Table 1, and are recommended to guide the
search for studies based on the concepts described in the research questions. In this
research, the comparison criterion was not considered since the objective of this review
does not seek to compare designs and redesigns of ATM interfaces but rather to study
them to obtain information about the aspects described in Table 1.

Table 1. Definition of the general concepts using PICOC

Criterion Description

Population Automated Teller Machines

Intervention Interface design and redesign

Comparison (N.A.)

Outcomes Case studies, methodologies, challenges, good
practices

Context Academic and industrial

3.3 Search Strategy

Following the Kitchenham protocol, to perform the search for primary studies, key
concepts were defined from the criteria presented in Table 1. Then, synonyms or related
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words of the extracted concepts were defined. As a result, Table 2 was obtained, which
was used to establish search strings. The process of obtaining these strings is detailed in
Sect. 3.5.

Table 2. Terms associated with the PICOC criteria

Keyword Synonyms Criterion

Automated bank teller Automated teller machine, automatic teller machine,
cash-machine, cash machine

Population

Interface design HCI, redesign, screen, sketch, UI design, usability,
UX

Intervention

Best practices Guideline, recommendation Outcomes

Case study Application, experience Outcomes

Challenge Difficulty, problem Outcomes

Methodology Approach, framework, method, procedure, process,
technique

Outcomes

3.4 Search Engines

For the search of primary studies, recognized databases in the field of Software Engineer-
ing have been considered [15]. In addition, with the aim of having a search engine that
includes thesis works, the Alicia database has been considered, which brings together
research works from various public and private entities, including recognized univer-
sities in Peru. The search engines selected for the present systematic review are the
following:

• Scopus (http://www.scopus.com)
• ACM Digital Library (http://portal.acm.org)
• Alicia (https://alicia.concytec.gob.pe/vufind/)
• IEEE Digital Library (http://ieeexplore.ieee.org)

3.5 Search Strings

According to the search strategy proposed for the systematic review, the search strings
were formulated according to the terms defined in Table 2 in such a way that those
that belong to the same criteria and are established as synonyms were joined with the
operator “OR”. In addition, the asterisk symbol was added at the end of those terms in
which a search for derived words was required. As a result, the following strings were
formed:

http://www.scopus.com
http://portal.acm.org
https://alicia.concytec.gob.pe/vufind/
http://ieeexplore.ieee.org
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C2: ("interface design" OR "HCI" OR "redesign*" OR
"screen*" OR "sketch" OR "UI design" OR "usability" OR
"UX")
C3: ("best practices" OR "guideline*" OR "recommenda-
tion*")
C4: ("case study" OR "application*" OR "experience*")
C5: ("challenge*" OR "difficult*" OR "problem*")
C6: ("methodolog*" OR "approach" OR "framework*" OR
"method*" OR "procedure*" OR "process*" OR "technique*")

Based on the strings described above, those that belong to the same criterion were
joined with the “OR” operator. On the contrary, those that belong to different criteria
were joined with the “AND” operator. In this way, the string (C1 AND C2 AND (C3 OR
C4 OR C5 OR C6)) was obtained. This string has been customized for each database
since each one has its own search query syntax. The resulting chains are detailed in
Table 3.

3.6 Inclusion and Exclusion Criteria

For the selectionof scientificpapers, inclusion criteria havebeen established,which allow
identifying the primary studies that are relevant and that provide meaningful information
to answer the research questions. The inclusion criteria are the following:

• CI1: The paper describes the application of the (UCD) framework for the design of
ATM interfaces.

• CI2: The paper describes the user experience or usability of ATM interfaces.
• CI3: The paper describes case studies on the design or redesign of ATM interfaces.
• CI4: The paper is related to the functionalities of ATMs over time.
• CI5: The paper reports methodologies for the design of interfaces in ATMs.

With the aim of discarding studies that do not provide relevant information in relation
to the research questions, exclusion criteria have been established. The CE1 criterion
is defined for articles that have no relationship with ATMs. In the same way, the CE2
criterion is established for articles dealing with ATMs, but from an approach not relevant
to the research questions such as information technology, communication networks,
security, mobile banking, virtual reality, games, ATM tracking ATMs, advertisements,
hardware, design algorithms, and software that control the internal workings of ATMs.
Also, for studies that have been published before 2010, the CE3 exclusion criterion has
been established because the purpose was to obtain a balance between case studies,
methodologies, challenges, and good practices. Finally, for studies that use a language
other than English or Spanish, the exclusion criterion CE4 is applied. In this sense, the
exclusion criteria defined are the following:

• CE1: The paper is not related to the topic of ATMs.
• CE2: The paper is about ATMs, but it departs from the focus of the study.
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Table 3. Search string used in the selected databases

"approach" OR "framework*" OR "method*" OR 
"procedure*" OR "process*" OR "technique*")

Alicia

(cajero automático OR automated teller ma-
chine OR cash machine OR automatic teller 
machine OR automated bank teller OR cash-
machine) AND (diseño de interfaces OR in-
terface design OR rediseño OR redesign OR 
HCI OR human center design OR pantalla OR 
screen OR usabilidad OR usability OR expe-
riencia de usuario OR UX OR sketch OR bos-
quejo) AND (best practices OR buenas prác-
ticas OR caso de estudio OR case study OR 
marco de trabajo OR framework OR metod-
ología OR methodology OR problem OR prob-
lema OR process OR proceso OR procedure OR 
procedimiento OR method OR método OR tech-
nique OR técnica OR challenge OR desafío OR 
application OR aplicación OR guideline OR 
guía OR recommendation OR recomendación)

IEEE Digital 
Library

("automated bank teller" OR "automated 
teller machine" OR "automatic teller ma-
chine" OR "cash-machine" OR "cash machine" 
OR "ATM") AND ("interface design" OR "HCI" 
OR "redesign*" OR "screen*" OR "sketch" OR 
"UI design" OR  "usability" OR "UX") AND 
("best practices" OR "guideline*" OR "rec-
ommendation*" OR "case study" OR "applica-
tion*" OR "experience*" OR "challenge*" OR 
"difficult*" OR "problem*" OR  "method-
olog*" OR "approach" OR "framework*" OR 
"method*"  OR "procedure*" OR "process*" OR 
"technique*" )

Search 
Engine Resulting Search String

SCOPUS

TITLE-ABS-KEY(("automated bank teller" OR 
"automated teller machine" OR "automatic 
teller machine" OR "cash-machine" OR "cash 
machine") AND ("interface design" OR "HCI" 
OR "redesign*" OR "screen*" OR "sketch" OR 
"UI design" OR "usability" OR "UX") AND 
("best practices" OR  "guideline*" OR "rec-
ommendation*" OR "case study" OR  "applica-
tion*" OR "experience*" OR "challenge*" OR 
"difficult*" OR "problem*" OR "nethodolog*" 
OR "approach" OR  "framework*" OR "method*" 
OR "procedure*" OR "process*"  OR "tech-
nique*"))

ACM Digital 
Library

("automated bank teller" OR "automated 
teller machine" OR "automatic teller ma-
chine" OR "cash-machine" OR "cash machine") 
AND ("interface design" OR "HCI" OR "rede-
sign*" OR "screen*" OR "sketch" OR "UI de-
sign" OR "usability" OR "UX") AND ("best 
practices" OR "guideline*" OR "recommenda-
tion*" OR "case study" OR "application*" OR 
"experience*" OR "challenge*" OR "diffi-
cult*" OR "problem*" OR "methodolog*" OR 
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• CE3: The paper has been published before 2010.
• CE4: The paper is written in a language other than English or Spanish.

3.7 Documents Found

The search was carried out onMarch 15, 2021. After entering the previously established
search strings in their corresponding search engines, a total of 488 results were obtained,
which are distributed in Table 4. From this total, 51 papers were accepted in accordance
with the inclusion criteria stated before. The details of the search results are shown in
Table 4 and Table 5.

Table 4. Search results by search engines

Search engines Results Duplicates Relevant

Scopus 144 0 39

ACM digital library 231 25 5

Alicia 10 4 1

IEEE digital library 103 16 6

Total 488 45 51

Table 5. Selected papers

Paper Title

1 [6] Analysis and Optimization of Cash Withdrawal Process Through ATM in India
from HCI and Customization. Smart Innovation, Systems and Technologies

2 [4] Applying a UCD Framework for ATM Interfaces on the Design of QR
Withdrawal: A Case Study

3 [1] Applying a UCD approach to redesign functionality on ATM: A case study in the
context of university and business collaboration

4 [2] Security guidelines for the design of atm interfaces

5 [3] A Systematic Literature Review About Quantitative Metrics to Evaluate Usability
and Security of ATM Interfaces

6 [16] A Systematic Review of Usability Evaluation Methods and Tools for ATM
Interfaces

7 [1] Usability Testing of Bank of China Automatic Teller Machine

8 [17] A contextual usability exploration of cash and ticket machines

9 [3] A User-Centered Framework for the Design of Usable ATM Interfaces

10 [5] Methodologies for the Design of ATM Interfaces: A Systematic Review.
Advances in Intelligent Systems and Computing

(continued)
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Table 5. (continued)

Paper Title

11 [18] Redesigning a Main Menu ATM Interface Using a User-Centered Design
Approach Aligned to Design Thinking: A Case Study

12 [19] Development and Validation of Usability Heuristics for Evaluation of Interfaces in
ATMs

13 [20] The Effect of ATM Service Quality on Customer Satisfaction and Customer
Loyalty: An Empirical Analysis. Global Business Review

14 [21] Developing QR Authentication and Fingerprint Record in an ATM Interface Using
User-Centered Design Techniques

15 [22] The design guideline for dyslexics-friendly Chinese ATM interface

16 [23] PocketATM: Understanding and improving ATM accessibility in India

17 [24] The interplay between usability, sustainability and green aspects: A design case
study from a developing country

18 [25] A Graphical PIN Entry System with Shoulder Surfing Resistance

19 [26] Interactive Systems in the Student-Bank Relationship: A Research on the Views of
the University of Bucharest Students on the Utility and Adaptability of HCI
Technologies

20 [27] Design of graphical user interfaces to implement new features in an ATM system
of a financial bank

21 [28] Availability Test of Automated Teller Machine Based on Eye-Tracking Data

22 [29] Adaptive & dynamic interfaces for automated teller machines using clusters

23 [30] Designing talking ATM system for people with visual impairments

24 [31] Token access: Improving accessibility of automatic teller machines (ATMs) by
transferring the interface and interaction to personal accessible devices

25 [32] Designing technologies for Africa: Does culture matter?

26 [33] Revolving Flywheel PIN Entry Method to Prevent Shoulder Surfing Attacks

27 [34] Developing an ATM interface using user-centered design techniques

28 [35] Applying a user-centered design methodology to develop usable interfaces for an
automated teller machine

29 [7] Public system usability analysis for the valuation of cognitive burden and interface
standardization: A case study of cross-ATM design

30 [36] A Usability Study of an Assistive Touch Voice Interface Based Automated Teller
Machine (ATM)

31 [37] Generic menu optimization for multi-profile customer systems

32 [38] SafetyPIN: Secure PIN entry through eye tracking

33 [39] Enhanced security for ATM machine with OTP and facial recognition features

34 [40] SEPIA: Secure-PIN-Authentication-as-a-Service for ATM Using Mobile and
Wearable Devices

35 [41] Developing convenience store ATMs as social infrastructure

(continued)
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Table 5. (continued)

Paper Title

36 [42] Security Notions and Advanced Method for Human Shoulder-Surfing Resistant
PIN-Entry

37 [8] A survey on human computer interaction technology for ATM

38 [43] Money on the Move Workload, Usability and Technology Acceptance of
Second-Screen

39 [44] Usability study of fingerprint and palmvein biometric technologies at the ATM

40 [8] A survey on human-computer interaction technology for financial terminals

41 [45] Don’t Queue up! User Attitudes towards Mobile Interactions with Public
Terminals

42 [46] How accessible are the voice-guided automatic teller machines for the visually
impaired?

43 [47] Enhancing accessibility: Mobile to ATM case study

44 [48] Personalized ATMs: Improve ATMs usability. Communications in Computer and
Information Science

45 [49] User-centered design approach for interactive kiosks: Evaluation and redesign of
an automatic teller machine

46 [50] Usability in ATMs

47 [51] Usability Comparisons of Seven Main Functions for Automated Teller Machine
(ATM) Banking Service of Five Banks in Thailand

48 [52] A New Design of ATM Interface for Banking Services in Thailand

49 [53] Towards Understanding ATM Security: A Field Study of Real World ATM Use

50 [54] ColorPIN: Securing PIN Entry through Indirect Input

51 [55] Elaboración y validación de un marco de trabajo para el diseño de interfaces para
cajeros automáticos

4 Results of the Systematic Review

In this section,we present the answers to the research questions in Sect. 3.2. Additionally,
in Fig. 1, we show the distribution of studies accepted by country. Interest in this topic
can be observed in several countries.
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Fig. 1. Distribution of studies accepted by country.

4.1 Challenges in the Use of ATMs

Regarding the first question: “What challenges have been identified in the use of ATMs,
and how do they relate to the users’ needs?”, The challenges that were found in the
primary studies are listed in Table 6.

Table 6. Challenges in the use of ATMs

Category Papers Total

Security 2, 4, 18, 26, 32, 33, 34, 37, 38. 39, 40, 41, 49, 50, 51 15

Accessibility 6, 8, 15, 16, 23, 24, 29, 30, 38, 42, 43, 44, 47 13

Functionality 1, 2, 3, 5, 7, 10, 14, 22, 38, 39, 40, 41 12

Culture 6, 9, 14, 21, 25, 31, 35, 36, 37, 44, 47 11

Technology gap 25, 36 2

The first challenge found is related to security, since ATMs are subject to scams
and fraud [39], which have increased drastically mainly due to the PIN usage [54]. This
problem is frustrating for users, because for them the perception of security is important
[2]. Additionally, it was mentioned on an interview with 8 people that safety is the main
concern when using an ATM [8].

The second challenge is about accessibility, since many of the ATMs have not con-
sidered users with disabilities in the design of their interfaces. For example, in India [23],
only 18% of 107 ATMs tested in a study are accessible, which is not very encouraging
for a country where 12 million blind people live out of the 36 million that exist in the
world. In China [22], people with dyslexia have difficulties interpreting the instructions
presented on the ATM screens. In the case of older adults [17], their capacities related
to motor activity, sight and memory are not the same as that of young people; therefore,
they need more time to use ATMs.
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The third challenge is related to both current and new functionalities. ATMs were
initially only used to make withdrawals [3]. However, nowadays ATMs can perform
more operations than just withdrawals and the increase in functionalities can turn out
to be a generator of problems since they can further confuse the user if they are not
implemented effectively [5].

The fourth challenge is related to culture, since people have different attitudes, expe-
riences and occupations [51], which can influence the perception of difficulty of ATMs
and performance using ATMs. The main problem with this challenge lies in the com-
plexity of providing an interface that accommodates different user profiles. This problem
can be seen represented by the fact that inexperienced users have difficulties using ATMs
while frequent users report that they are not fast enough [8].

Finally, the fifth challenge is related to the technological gap on the part of users
due to the lack of interaction with technology that makes interaction with ATMs more
difficult, as in Africa where there is technological illiteracy [32]. In addition, there is
also the resistance of some users to changes in the interface, especially those who are
not used to technology [42].

4.2 Usability Issues

In order to answer the question “What usability issues have been perceived in ATM
interfaces, and how do they affect the user experience?” we present Table 7, where we
show the usability issues that have been found.

Table 7. Usability issues

Issue Papers Total

Menu structure or hierarchy is not
understood

3, 10, 11, 17, 20, 22, 25, 31, 37, 40, 44, 45,
48, 51

14

Uninformative or confusing instructions 2, 7, 11, 12, 14, 15, 19, 21, 51 9

Unintuitive interfaces 3, 7, 16, 20, 21, 40, 46 7

Too many elements (buttons, texts) 3, 7, 10, 11, 12, 15, 21, 25 8

Important information not displayed or
not found

17, 21, 25, 30, 40, 51 6

Complexity of operations 3, 11, 21, 44, 46 5

Confusing buttons 1, 3, 16, 51 4

Sensitive information is displayed 3, 4, 49, 50 4

It does not prevent the user from errors 3, 29, 40, 45 4

Confusing icons 3, 15, 25 3

There is no reminder to withdraw the card
after performing an operation

7, 16, 37 3

The font size is not correct 12, 14, 15 3

(continued)
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Table 7. (continued)

Issue Papers Total

Colors or backgrounds are not pleasant 15, 17, 46 3

The user cannot recover from errors or if
he can, it is not done quickly

40, 45 2

It is necessary to standardize elements
(buttons, texts, etc.)

12, 15 2

The design feels old 7 1

Fear is perceived when interacting with
the interface

21 1

One of the main issues found is related to the main menu structure. It has been
mentioned in studies that the design of the menu structure is very difficult to access [1],
confusing [18], overloaded with options [5], not user-friendly [32], causes queues to be
generated [37], among others.

Another problem is related to uninformative or confusing instructions. For example,
in a case study where a QR code was used [4], users commented that instructions on
how to scan the QR code should be included. Also, in another case study [1], two users
were concerned about pressing the wrong buttons because the text on the buttons was
not clear.

Usability Evaluations. To answer the question “What usability evaluations have been
reported for the development ofATM interfaces, and howdo the results impact the degree
of usability perceived by users?” usability evaluations are listed in Table 8. These evalu-
ations are mostly part of the analysis of an existing interface to identify usability issues
or obtain the validation of a prototype to which improvements have been incorporated.
Within these evaluations, heuristic evaluations and user tests have been identified.

Table 8. Usability evaluations

Type of intervention Studies Total

Interface redesigned 2, 3, 11, 12, 14, 20, 22, 27, 30, 35, 38, 40, 43, 48, 50, 51 16

Interface no modified 3, 7, 12, 15, 17, 21, 40, 42, 45, 47 10

An example of an evaluation on existing ATM interfaces happened in Nigeria [24],
where ATMs were randomly visited and 500 participants were taken for a usability
evaluation. As a result, it was obtained that most of the participants were not satisfied
with the designs of the interfaces that the ATMs had and some required assistance to be
able to complete the transactions they wanted to carry out.

Another case was that of a heuristic evaluation [1] was carried out at Banco Conti-
nental (BBVA) of Peru, as part of the evaluation phase of UCD. The prototypes evaluated
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were a proposal of the credit card payment functionality, consequently, 3 usability prob-
lems were obtained regarding metaphors, visibility of sensitive information and error
prevention.

Techniques for Design and Redesign of ATM Interfaces. According to the question
“What techniques have been reported in the literature for the design and redesign of
ATM interfaces according to the User-Centered Design phases, and in what way have
they been used?” The techniques used for the design and redesign of ATM interfaces
are listed in Table 9, in which the User Centered Design (UCD) was used as a division,
because several studies carry out this classification [1, 3, 4]. It should be noted that UCD
is divided into four steps: Context, Requirements, Design and Evaluation.

Table 9. Techniques for design and redesign ATM interfaces

Phases Techniques Studies Total

Context Identify Stakeholders, Interviews,
Preliminary User Questionnaire,
Study Field, User Groups,
Face-to-face Meeting

2, 7, 9, 11, 48, 51 6

Requirement Competitor Analysis, Focus Group,
Interviews, User profile, Scenario of
Use, Polls, Persona, User
Requirements Interview, UX Story,
Card Sorting, Tag cloud, Empathy
Map

2, 3, 7, 9, 11, 14, 20, 51 8

Design Brainstorming, Prototyping,
Storyboarding, Parallel Design,
Video Prototyping, Visual Thinking

2, 3, 6, 9, 11, 14, 27, 28, 50, 51 10

Evaluation Expert Evaluation, User Evaluation,
Heuristic Evaluation, Satisfaction
Questionnaire, Controlled User
Testing, Interviews, Polls, Free
Exploration, Face-to-face Meeting,
Tasks, Cognitive Inspection,
Thinking Aloud

1, 2, 3, 6, 7, 9, 11, 12, 14, 15, 17,
20, 21, 27, 35, 37, 38, 40, 42, 45,
46, 47, 48, 50, 51

25

In the context phase, in a study [4] the following techniques were used: User Groups,
to hold meetings between the team; Identify Stakeholders, to list the people involved
as developers or business Users; and Study Field, to observe users interact with ATM
interfaces, especially using the withdrawal functionality.

In the requirements phase, in a case study [21] an interview of 10 questions was
conducted with users so that relevant information can be obtained such as name, age,
gender, their experience using ATMs and reasons for using them. From this, through the
Person technique, two profiles were obtained: users with experience in technology and
users without experience with which it is possible to work on a prototype.
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In the design phase, the prototyping technique [4] was used to design interfaces that
improve the process of cardless withdrawals. In another study [18], the Card Sorting and
Brainstorming techniques were used with the purpose of identifying a simpler taxonomy
for the main menu of an ATM interface that gives priority to the most used operations.

In the evaluation phase, techniques such as Free Exploration [1] were used, which
was useful for users to carry out tasks that they normally do in an ATM. Also, in the
same study, the System Usability Scale (SUS) questionnaire was used after each task
to find out the degree of user satisfaction, as well as the users’ feelings and the level of
perceived ease of use.

4.3 ATM Interface Design and Redesign Case Studies

In order to answer the question “What case studies on the design and redesign of ATM
interfaces have been reported in the literature, and howwere they carried out?”, different
banks have been identified in the world that have carried them out, among which the
BBVA Peru stands out. This bank has carried out redesigns or designs of the following
functionalities: obtaining a new credit card as a new user, obtaining a duplicate of a
credit card as a customer of the bank using QR authentication, withdrawals without a
card using QR codes, redesign of the main menu among others [1, 4, 18, 21, 27, 34, 55].

BBVA Peru has followed frameworks such as User-Centered Design or Design
Thinking for the design of the functionalities mentioned before. For example, for the
cardless withdrawals functionality [4] UCD was used and the following was done: in
the context phase, stakeholders were identified in order to understand the problem from
their point of view, a field study or observation was also carried out where only 33% of
users had made withdrawals without a card. Then, in the requirements phase, an anal-
ysis of the BBVA bank’s competitors was carried out, where Interbank and BCP were
identified as the main competition at the national level and a bank in Hong Kong, which
had a solution similar to the withdrawal functionality without card, in the international
level. In this phase the requirements were also listed. In the design phase, brainstorming
was done on how to optimize cardless withdrawal and then make proposals in the form
of prototypes and evaluate them. Finally, in the evaluation phase, a test was carried out
with users that had positive results. However, some observations were also identified
that were corrected and thus a new prototype was obtained, which was validated.

In Nigeria [24] amore sustainable and usable ATM interface redesignwas performed
using environmental heuristics. In Thailand [52] an interface design based on the 7 most
used transactions in ATMs has been proposed, which seeks to improve the effectiveness,
efficiency and user satisfaction and finally, a design of an adaptive interface [29] that
changes according to the information of user transactions has been proposed, this is
personalized.

5 Conclusions and Future Works

After conducting the SLR, we found that there are several studies that deal with the
issue of usability in ATMs, which makes this a quite developed topic in recent years.
In these studies, we identified that remained relevant even in the most recent papers,
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such as accessibility, security and usability issues that affect the User Experience. These
problems have been addressed through several techniques and methods, and even some
studies have made use of a framework for the design of ATM interfaces based on User
Centered Design. However, in general, ATM interfaces still present usability issues
related to: ease of use, learning capacity, error rates, user satisfaction, etc. [1, 7, 26, 27].
This is due to the insufficient analysis of use scenarios taking into account to stakeholders,
the insufficient consideration of the needs of the users, and the reduced use of metrics
and techniques that allow determining the degree of usability. These problems impact
on the perception of the users about the usability of the interfaces [8, 16, 32].

Finally, as future work, it is proposed to carry out a design from scratch, following
a user-centered framework, since it has been identified that most of the case studies of
the review had a previous basis on which the design was carried out. Furthermore, most
studies have not used methodologies or frameworks focused on the user in such a way
that the interface design is oriented towards obtaining a high degree of usability, which
generates a gap between the expectations of the user and their perceptions regarding
what the ATM interfaces offer [2].
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Innovation Technologies (HCI DUXAIT)” a research group from the Pontificia Universidad
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Abstract. With the continuous development of China’s economy, the propor-
tion of added value of service industry in gross domestic product in China has
exceeded 50%, and reached 54.5% in 2020. User experience is an important link
in the economy of the service industry, analyzing the development trend of aca-
demic research in the area of user experience in China, focusing on the hot issues
of user experience research in China, and understanding the current needs of user
experience research in the Chinese market will serve as a guide for future research
directions for research scholars in the area of user experience. However, at present
time, little has been done in user experience of China from the very beginning
to 2021 through knowledge mapping analysis. This paper uses a scientific biblio-
metric method to make a comprehensive analysis with literature visualization by
using CiteSpace and SATI selecting the core journal articles indexed by Chinese
National Knowledge Infrastructure (CNKI) from 2006 which is the beginning
year of Chinese user experience research to November 2021. User experience as a
research keyword is started in 2006 in China, which has involved in a wide distri-
bution of subject areas, mainly focused on computer software, graphics, industrial
technology, press media, and internet technology. There is a need of collaboration
of schools in discipline research in the area of user experience research in China.
The research hotspots in the field of user experience inChina in recent yearsmainly
focus on the perspective of user sensory experience, interactive experience, and
internet application experience. In the future, the research trend of user experience
in China may focus on the impact of user sensory factors and situational factors
on user experience, the interdisciplinary research of China’s aging population and
intelligent devices, and the user experience research of virtual reality interaction
in Experience Metaverse.

Keywords: User experience · Knowledge map · Bibliometric analysis ·
Experience metaverse

1 Introduction

With the development of China’s economy, the scale of experience economy in the cur-
rent Chinese market shows a large growth trend. The American futurist Alvin Toffler,
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first introduced the term “experience” in 1970 and proposed that economic development
would go through three stages in turn, from “manufacturing economy” to “service econ-
omy” to “experience economy” [1]. In 1992, the Central Committee of the Communist
Party of China and the Chinese State Council made the decision on “Accelerating the
Development of the Tertiary Industry”, which decide to propose vigorous promotion of
tertiary industry and development of service economy [2].

Experience economy is the extension of service economy and the fourth type of
economy after agricultural economy, industrial economy and service economy. In the
report of the 19th national congress in China, President Xi pointed out that China’s
economy has changed from a high-speed growth stage to a high-quality development
stage, and pointed out that the connotation of high-quality development is to meet the
people’s needs for a better life [3]. Therefore, user experiencewhich is themost important
link in the experience economy has become the focus of research and attention in all
walks of life.

The research based on user experience has a long history, Alvin Toffler (1970)
believes that experience is the psychological product of tangible goods and intangible ser-
vices [1]. Pine II and Gilmore (1998) proposed four dimensions of negative experience,
attraction experience, positive experience and immersion experience from the process of
customer psychological change [4]. This classification is limited to the process of user
psychological change. Schmitt (1999) proposed the customer holistic experience, which
consists of five aspects, namely sensory experience (awareness), emotional experience
(feeling), cognitive experience (thinking), physical experience (action), social identity
experience (Association) [5].

User experience is an important link in experiential Economics. Combined with the
needs of China’s high-quality economic development, the essence of improving user
experience in the experience economy is to meet the people’s needs for a better life.
Therefore, the study of the development process of user experience in China and the
overall understanding of the current research situation in the academic field of user
experience can lay a foundation for the continuous and innovative research in this field.

2 Methods

2.1 Data Sources

This paper takes the CNKI (Chinese National Knowledge Infrastructure) academic jour-
nal database as the data source, and carries out literature retrieval with the Theme =
“User Experience”, Keyword = “User Experience”, time span for all years. SCI, EI,
Peking University core journals, CSSCI and CSCD are selected for source selection.
The retrieval time is November 11, 221. A total of 1069 documents were obtained by
searching. As the main research object of this paper is “User Experience”, the unrelated
documents such as meeting information and review report were manually excluded from
the search results, and 510 valid documents were finally obtained as research samples.
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2.2 Research Method

CiteSpace and SATI (Statistical Analysis Toolkit for Informetrics) are two commonly
used tools for literature analysis. Citespace a JAVA platform-based document visualiza-
tion analysis tool developed by Dr. Chen Chaomei. It can achieve a diversified, dynamic
and time-sharing visual analysis of document samples, which helps us to find the histori-
cal research path and future development trend of academic research points from a large
number of sample documents [6]. Since its development, CiteSpace has been widely
used in many disciplines. It is the most characteristic and influential knowledge map
analysis tool in the literature analysis tools in recent years. SATI (Statistical Analysis
Toolkit for Informetrics) is a general statistical analysis tool for bibliographic informa-
tion, which can analyze document information in endnote format in a multidimensional
way.

This paper uses CiteSpace 5.8 R3C to analyze keyword co-occurrence, keyword
cluster and burst words. At the same time, it is combined with SATI online analysis
tool to analyze the trend of journal publication, literature publication and institutional
cooperation. This paper combines two analysis tools to domultidimensional comparison
analysis on the sample of literature analysis, draws the knowledge map of “User Expe-
rience” research, and grasps the research hot spots and trends in the academic research
field of “User Experience” from a macro perspective, which provides reference for the
further research in this field.

3 Results and Analysis

3.1 Bibliometric Analysis

Analysis of Document Quantity Distribution Based on Time Axis. The number and
timeof papers in academicfield is one of the criteria to judge the research heat in this field.
This paper gives a rough view of the year distribution of 1069 journals retrieved from
CNKI journals with the Theme = “User Experience”, Keyword = “User Experience”,
finds that 1 article was published in 2004 and 2005 respectively in China, which has
increased gradually from 2006 to 2008 and reached its peak in 2018. Research in this
field continues to be hot, as shown in Fig. 1.

This paper manually filters 1069 documents, eliminates conference information and
reports that are not related to the “User Experience” study, and finally selects 510 sample
documents. The statistical analysis tool of sati was used to produce information sheets
on the year of publication and quantity of literatures shows as in Fig. 2. It can be seen
from the publishing trend that the academic research in the field of “User Experience”
in China started in 2006, increased significantly from 2010 to the first research peak in
2012, with an annual publication volume of 31 articles, and then entered the hot research
stage, reaching the first research peak in 2015, with an annual publication volume of 48
articles. In 2016, the number of publications declined slightly, but in 2017, it increased
explosively, reaching the second peak period with 62 articles. Overall, the research trend
of “User Experience” research is increasing year by year.
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Fig. 1. Number of papers published in the “User Experience” area in China (2004–2021.11) in
China.

Fig. 2. Number of core academic papers published on the topic of “User Experience” from 2006
to 2021 in China.

Distribution and Research Topics of Documentation Discipline Analysis in China.
The distribution of research subjects across disciplines can be found by analyzing the
distribution of research subject areas in the literature. Because the CNKI database can
only analyze raw literature data, this paper gives a rough outlook on 1069 retrieved
journals, and through charting analysis finds that the distribution of discipline categories
in this subject design of “User Experience” is wide, and the distribution of their main
literature categories as shown in Fig. 3 below. It can be found that the largest number of
academic papers published area is “Computer Software and Computer Applications”,
accounting for 19.05%, followed by “Library and Information Science and Digital
Library”, accounting for 14.37%. The third is “Industrial General Technology and
Equipment”, accounting for 13.95%, the fourth is “News and Media”, accounting for
7.77%, and the fifth is “Internet Technology”, accounting for 7.02%.
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Fig. 3. Distribution of subject areas of “User Experience” research in China.

Through the cross-analysis of 1069 search results ofCNKI (ChineseNationalKnowl-
edge Infrastructure) as shown inFig. 4.This paperfinds that themain cross-researchfields
of “User Experience” topic are user-based user experience research, user experience-
based research, design-based user experience research, user experience research based
on APP and user experience research based on experience perspective. At the same time,
the research on user experience in mobile library, Digital Library and empirical research
fields also has a close cross-section.

Fig. 4. Cross-research analysis map of “User Experience” theme in China.
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Statistical Analysis of Literature Periodicals. By analyzing the published journal
papers in the field of “User Experience”, as shown in Fig. 5, it can provide an insight into
the focus of core journals on this topic of user experience research in China. This paper
analyzed 510 selected articles through SATI online platform and manually merged pub-
lications with less than 5 articles into “Other”. A graphical visual analysis of academic
papers on the subject of “User Experience” from 2006 to 2021 reveals that the most
frequently published journal in this research area is “Packaging Engineering”, with a
total of 132 papers, accounting for up to 25.9% which shows that this journal has a very
high focus in the area of user experience. The next most frequently published journal in
this research area is “Journal ofModern Information”, with a total of 21 papers, account-
ing for up to 4.12%. “Art & Design” journal published 19 papers, accounting for up to
3.72%. “Library and Information Service” journal published 17 papers, accounting for
up to 3.33%.

Overall, the distribution of academic journals on “User Experience” research is
mainly focused on several major areas, such as packaging decoration, graphics, com-
puters, telecommunications, and media, which has a consistent with the distribution of
disciplines analysis, as shown in Fig. 5.

Fig. 5. Distribution of journals published on the theme of “User Experience” from 2006 to 2021
in China.

Through the SATI online literature analysis platform, the time analysis of the journals
that 510 core articles with the theme= “User Experience” had been published is shown
in Fig. 6. The most frequently published journal in “User Experience” research area
is “Packaging Engineering”, as shown in Fig. 6, which started to rise a focus on user
experience since 2010, gradually to the stageof high-frequencypublished articles starting
in 2015, the number of papers published reached the peak with 22 papers in 2019.
Other journals do not fluctuate significantly in the number of articles published in “User
Experience”, with annual articles published in 5 or less.
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Fig. 6. Trend chart of the number of “User Experience” theme papers published by journals from
2006 to 2021 in China.

3.2 Core Authors and Institutional Analysis

Core Author Visualization Map. By analyzing 510 published articles on SATI online
platform, it is found that the top 10 authors of “User Experience” topics from 2006 to
November 2021, as shown in Fig. 7, are Yongfeng Li, Qinghua Zhu and Shengli Deng,
who have published 7 academic articles respectively, Liping Zhu and Yanzhang Xu have
published 6 articles respectively, Jinjun Xia and Xiaopu Jin have published 5 articles
respectively, and Yi Ding, Shiyang Yu, Keren He publish four articles respectively.

Fig. 7. Ranking chart of the number of core authors published on the theme of “User Experience”
from 2006 to 2021 in China.

The co-citation analysis via CiteSpace software ismapped in Fig. 8, which calculated
253 nodes with generating 105 lines in which the size of the node is proportional to the
amount of publication, the lines between the nodes represent the cooperation between the
authors, and the thickness of the line segment represents the closeness of its cooperation.
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Fig. 8. Collaboration map of core authors of “User Experience” research in China.

By analyzing the graph, it can be seen that the most of the researchers of “User
Experience” in China are scattered. YongFeng Li and Liping Zhu, who have published a
large number of research papers in the field of “User Experience”, have formed a seven-
person collaborative team, and their main research field is the research in the field of
“User Experience” for the elderly. Qinghua Zhu has formed a 5-person cooperative team
whose main research area is Human-Computer Interaction user experience in the field
of library and information science. Other authors in the top 10 volumes did not form an
obvious group of over 5 people. Overall, the cooperation between most researchers in
the field of “User Experience” in China is sparse, mainly between two or three people,
and the cooperation is not very close. Currently, there is no large scientific research team
in the field of “User Experience” research in China.

Visual Map Analysis of Research Institutions. Through the co-occurrence analysis
of 510 papers since November 2006 to 2021 by using SATI literature analysis software,
it is found that the visualmapof research institutionswith the theme in “UserExperience”
in China is shown in Fig. 9. The size of nodes represents the number of academic papers
issued by the research institution in the field of “User Experience”, and the thickness of
the connection between nodes represents the cooperation intensity between institutions.
It can be seen from the SATI literature analysis map that there are a large number
of institutions that study the “User Experience”, but there is less cooperation between
organizations and the cooperation between organizations is not close.

Through the analysis of the institution cooperation network, it is found that the num-
ber of documents issued by the School of Information Management of Wuhan Univer-
sity, Jiangnan University, the School of InformationManagement of Nanjing University,
and Hunan University are high. The most notable collaboration networks were formed
between the School of Information Management of Nanjing University and the School
of Engineering Management of Nanjing University, School of Economics and Manage-
ment of Nantong University, School of EconomicManagement of Nanjing University of
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Technology, Nanjing University Library, and Institute of Scientific and Technical Infor-
mation of Chinese Academy of Tropical Agricultural Sciences, and brought together the
Library of Xijiao Liverpool University, School of social science, Soochow University,
the Wenzheng College of Soochow University forms a triangular cooperation network.
Secondly, the School of InformationManagement ofWuhan University, the information
resources research center of Wuhan University, the Information Management Depart-
ment of the School of Public Management of Huazhong Agricultural University, the
School of Management of Tianjin Normal University, the library of Tianjin Normal Uni-
versity and the Public Security Bureau of Lvliang City, Shanxi Province have formed a
chain cooperation. Hunan University and Shanghai Huawei Technology Co., Ltd. have
formed a bilateral cooperation network. Jiangnan University, National Information Cen-
ter informatics research Jiangsu Normal University has a significant volume of academic
research publications, but all are independent research status.

Fig. 9. Map of “User Experience” research cooperation among institutions in China.

4 Research Hot Spots and Frontier Analysis

4.1 Analysis of Research Hotspots

Keywords Analysis

Keyword Co-occurrence Map Analysis. The analysis of keyword co-occurrencemap by
CiteSpace is shown in Fig. 10. There are 375 nodes, 655 connections, and the overall
network density is 0.0074. The larger the number of nodes, the higher the frequency
of keyword co-occurrence [6]. Therefore, key words such as user experience, prod-
uct design, usability, design, experience, interactive design, experience design, service
design, library, influencing factors, governmentwebsite, the elderly, search engine appear
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more frequently. Most of the keywords are presented in network and few isolated nodes,
which indicates that the correlation between keywords is strong. At the same time, the
node of user experience, interaction design, older people, product design, influencing
factors, service design in the graph is larger, which indicates that the research of Chinese
“User Experience” is hot in these several cross-over areas.

Fig. 10. Cooccurrence map of keywords in “User Experience”.

Keywords Frequency and Centrality Analysis. Sorting and analyzing the frequency and
centrality of keywords in CiteSpace keyword co-occurrencemap provides further insight
into the developmental research hotspots and frontiers of the “User Experience” inChina.
As shown in Table 1, the top ten high-frequency keywords are user experience, interac-
tive design, the elderly, service design, product design, innovative design, and optimal
design. Keyword as Usability, Interactive Experience juxtaposed eighth. Keywords as
Design, InfluenceFactor, FiveSensesExperience,AR (AugmentedReality),QFD (Qual-
ity Function Deployment), Children’s Cognition, Kano juxtaposed ninth. Keyword as
Experience Design, Physical Resources juxtaposed tenth.

Table 1. Statistics of high frequency keywords, word frequency and centrality of “User
Experience” research in China

Keyword frequency Keyword centrality

No. Frequency Keyword No. Centrality Keyword

1 594 User experience 1 1.28 User experience

2 52 Interaction design 2 0.96 Usability

3 38 Elderly group 3 0.92 Government website

4 30 Service design 4 0.91 Interface

(continued)
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Table 1. (continued)

Keyword frequency Keyword centrality

No. Frequency Keyword No. Centrality Keyword

5 25 Product design 5 0.91 Satisfaction

6 20 Innovative design 6 0.9 E-Government

7 19 Optimal design 7 0.72 Product design

8 17 Usability, interactive
experience

8 0.44 Experience design

9 16 Design, influence factor, five
senses experience, AR, QFD,
children’s cognition, Kano

9 0.39 Experience

10 15 Experience design, physical
resources

10 0.27 Service design

Analysis of Hot Research Topics. The keyword co-occurrence network can be obtained
by using the keyword co-occurrence analysis of CiteSpace. This paper selects the top
10 clusters for analysis, as shown in Fig. 11. Among them, Modularity Q = 0.8036,
generally Q > 0.3 means the cluster structure is significant [7]. Silhouette S = 0.9827,
generally S > 0.5 cluster classes are considered reasonable, S > 0.7 means cluster is
convincing. These clusters can reflect that the top 10 studies in the field of “User Expe-
rience” research in China from 2006 to November 221 focused on environmental psy-
chology, usability, service design, interactive design, design, user research, information
construction, government websites, experience design, and libraries.

Fig. 11. Keyword clustering map of “User Experience” research via CiteSpace.
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Keyword Burstness Analysis. Keywords burstness are hot research keywords that have
surged in a certain period. CiteSpace burstness can find keywords that occur frequently
over a period of time, and the intensity and time of keyword emergence can be used
to analyze research hot spots and trends over a period of time. In order to get a better
analysis result, MinimumDuration is set to 1 year. γ= 0.8, a visual analysis can produce
a keyword highlight map, as shown in Fig. 12.

Fig. 12. Keywords burstness analysis map of “User Experience” research via CiteSpace.

There are 14 burstness keywords in the research area of “User Experience”. Studies of
impact factors related to “User Experience” that began to burst in 2020 have a maximum
intensity of 4.36. The second highest ranking is the emergence of keyword E-government
in 2012 with a burst intensity of up to 3.75. The third is artificial intelligence that burst
in 2019 with the intensity up to 3.62.

From the year of the overall burstness keywords, studies based on the area of “User
Experience” from 2006 to 2012 were mainly focused on the areas of smart toys, user
research, cultural heritage, and smart products. In 2012, the “User Experience” research
on E-government and website optimization in China burst with a high intensity very
clearly. Combined with the “2012 UN E-Government Survey”, China has made steady
progress in the overall development of e-government. China E-Government Develop-
ment Index (0.5359) ranked 78th in 2012. TheChineseGovernment hasmade remarkable
achievements in promoting the publicity of information and has improved the quality
of the official portal website. It indicates that the government paid more attention to
E-government at that time and the academic field therefore had a higher research focus.
With the rise of mobile Internet in 2015 and 2016, research on mobile reading and user
experience of app is heating up. Artificial Intelligence (AI) has received much attention
in 2019 and has become a research hotspot till today. “User Experience” research based
on user needs and influencing factors has also become a hot trend since 2020.
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Time Zone Map Analysis of Keyword Clustering. The change of research keywords
over time can show the change and development trend of research hotspots. Through
cluster analysis, CiteSpace can arrange the hotspots in the same year in chronological
order and gather them in the same area. Therefore, the cluster timezone view generated
by CiteSpace is shown in Fig. 13.

Fig. 13. Keyword clustering Timezone map of “User Experience” research via CiteSpace.

From the evolution of keywords in the overall Timezone diagram, it can be seen
that the research in the field of user experience in China is roughly divided into five
stages. The first stage is the research stage of “design” based on user experience. The
research in this stage is mainly concentrated from 2006 to 2009. As shown in the gray
line in Fig. 13, the research keywords are embodied in experience design, product design,
service design, and interface design. The second stage is the user experience research
stage of informatization and digitization. The research period of this stage is from 2009
to 2013, as shown in the dark blue line in Fig. 13. The research keywords are mainly
e-government, library, big data, man–machine interface, and app. The third stage is the
user experience research stage in the mobile Internet era. The research period is from
2014 to 2015, as shown by the light blue line in the Fig. 13. The research keywords are
mainly mobile services and mobile reading. The fourth stage is the research based on
the influencing factors and evaluation methods of user experience. The research period
of this stage is from 2016 to 2018, as shown in the green line in the Fig. 13. The research
keywords are mainly influencing factors, service quality, and evaluation system. The
fifth stage is the user experience research based on the user perspective. From 2018 to
2021, as shown by the red line in the Fig. 13, the research keywords are mainly user
needs, and continuous willingness.
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5 Discussion

5.1 Hotspots of User Experience Research in China

This paper combs the academic research papers on the theme and keywords of Chinese
user experience. At the same time, combinedwith the analysis of keyword co-occurrence
map, frequency and centrality of high-frequency keywords, clustering timeline map and
keyword emergence map, the hot spots of Chinese user experience research from 2006
to November 2021 are summarized into three aspects.

Research on User Experience Based on User Perception. Studying user experience
from the perspective of user perception is the most extensive field of user experience
research in China. The main research areas involved are user satisfaction, influencing
factors of user experience, sensory experience, cognitive psychology, willingness to
continue, and scene experience.

The results show that there are 27 articleswith the theme of high-frequency keywords
based on user perception, such as user demand, satisfaction and influencing factors,
which involve the empirical analysis of the influencing factors of user experience [8], the
research of user perception model [9], the research of user experience based on website
[10], the analysis and demonstration of the influencing factors of user experience of
social platform [11].

There are 66 articles on user experience with the theme of keywords emotional expe-
rience, sensory experience, cognitive psychology, sustained willingness and psycholog-
ical model, which involve the research on user experience of psychological stratification
theory [12], sustained willingness of reading experience to the elderly group [13], and
visual search experience [14]. At the same time, there are continuous user experience
research for the elderly user group. There are 38 articles on the user experience research
involving the elderly group, mainly related to the optimization of APP use experience
of the elderly group [15], and the evaluation of user experience of electronic products
for the elderly group [16].

Based on the keyword cluster timezone view, the keyword “user research” is mainly
focused on user experience interface design of digital memory resource recommendation
system [17], user research and user experience design [18], website classification system
[19], and automobile after-sale service scene [20].

Research on User Experience Based on Interactive Design. The results indicate that
there are 45 academic papers on user experience research with the theme of user experi-
ence research keywords based on interaction design, such as human-computer interac-
tion, human-computer interface, information interaction, and interaction and interactive
experience. The content mainly involves cultural heritage AR (Augmented Reality)
interaction design [21], comparative research on human-computer interaction interface
of digital reading platform from the perspective of user experience [22], service design
of handheld mobile devices [23], context based user experience design in mobile phone
interface [24], user experience design research of internet shopping website [25], emo-
tional voice interaction design [26], and touch interaction interface design of numerical
control press [27].
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Based on the keyword cluster timezone view, there are 52 articles related to the
keyword “interactive design”, which are mainly involved in the language learning APP
design research of user experience [28], the interactive design research of children’s
smart toys guided by touch experience [29], the relationship between interaction and
user experience in interactive web advertising [30], the interactive design of children’s
smart toys [31], the design of interactive visual experience under the environment of
autonomous communication [32], the emotional research of interactive products [33],
and the interactive design of food consumption websites [34]. At the same time, with the
development of Metaverse virtual reality interaction research, user experience research
based on Metaverse field has also become a research focus in China [35].

Research on User Experience Based on Internet Application. There are 39 articles
on user experience research based on artificial intelligence, big data, search engine,
e-government, and information construction. The content involves the impact of the
anthropomorphic characteristics of artificial intelligence on user experience [36], the
innovative design of unmanned stores based on the full link user experience path [37],
the impact of the matching degree between artificial intelligence and product types
on user experience [38], the effectiveness evaluation of search engines based on user
experience [39], the classification and update strategy of large website pages for user
experience [40], and the optimization of government websites [41].

Based on the keyword cluster Timezone view, there are 7 articles related to the key-
word “government website”, which include the performance evaluation of government
website based on user experience [42], the research on user satisfaction of government
website based on user experience [43], and the optimization of government website
based on user experience [44] with dynamic adjustment of columns, careful design of
service interface and accurately identified user needs.

The above research in the field has conducted in-depth research in their respective
fields, enriched the research and development theory of user experience in China, and
laid a foundation for the optimization of user experience in various fields.

5.2 Research Trend of User Experience in China

The research in the field of user experience inChina has obvious interdisciplinary, policy-
oriented and market-oriented characteristics in the last 15 years from 2006 to 2021. The
research attention has been increasing year by year, and the amount of publications has
been growing steadily in recent years. The future research on user experience in China
may focus on the following areas.

Research on User-Oriented Experience. China’s economy has gradually upgraded
from service economy to experience economy. The analysis of influencing factors of
user experience based on user perspective has been transformed from traditional sat-
isfaction to multi-dimensional research, such as sensory factors, psychological factors,
and situational factors. The specific theoretical model of user experience factors has a
preliminary research foundation. With the deepening of cross research in various fields
and disciplines, the improvement of services and experience tomeet the growingmaterial
needs of the people will be the focus of research in various fields in the future.
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Research on Market-Oriented User Experience. With the emergence of new tech-
nology in the market, such as artificial intelligence, robots, big data, and Metaverse, and
the changing structure of users in the Chinese market, such as the aging trend of China’s
social population, new research hotspots appear to the field of user experience. With
the impact of COVID-19 on China’s society since 2019, the theme of user experience
will change with the change of China’s market structure. The interactive user experience
research of Metaverse virtual reality integration, the aging social product experience
research of artificial intelligence associated with home-based elderly care mode, and the
experience research of internet user behavior with big data analysis are all in line with
the development trend of China’s future market demand. The efforts to improve the user
experience of emerging market products could be the focus of future research.

Multidisciplinary and Interdisciplinary Research. In recent years, the research
theme of user experience has appeared in the interdisciplinary field. The results indicate
that there are few empirical research on the improvement of user experience in cross
fields. It is more common to do theoretical and model based research, product design
research, and satisfaction research. The empirical research on the influencing factors
will also be a new development trend in this field. In addition, the research of Metaverse
user experience is a new hot spot of interdisciplinary research. The research of user
experience based on Metaverse virtual real interaction may also become a new trend of
user experience research in China.

6 Conclusion

This paper uses CiteSpace 5.8 R3C and SATI bibliometric analysis software to ana-
lyze the literature on “User Experience” as the theme and keyword via CNKI (Chinese
National Knowledge Infrastructure) database, selecting the more representative SCI, EI,
Peking University core, CSSCI and CSCD literature for multi-level analysis and visual
knowledge map analysis.

In terms of the number and time of articles published, the research on the theme of
“User Experience” began to appear in five relevant academic literatures in 2006, and
then gradually developed. In terms of the growth rate of the number of articles published,
it has entered a period of rapid development since 2010. In 2010, 15 relevant subject
research literatures were retrieved, and then increased year by year. Since 2012, more
than 30 articles have been published each year. Since 2015, an average of nearly 40
articles have been published annually, of which 37 were published in 2016, but 62 were
published in 2017. Considering the delay in publication time due to the periodical review
cycle, it still reflects the increasing research heat year by year. From 2017 to 2020, the
average annual number of papers published increased to more than 50. Overall, research
on user experience is on the rise and will continue to grow in the future.

From the perspective of research fields and published journals, journals with the
theme of “User Experience” have obvious interdisciplinary characteristics, involving
many disciplinary fields, such as computer, graphics and information, industrial tech-
nology, news media, Internet, telecommunications, trade, construction, automobile, and
administrative management. Among them, the research fields of computer, graphics and
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information, and industrial technology account for the top three. In the field of user expe-
rience in China are also scattered due to the interdisciplinary nature of their disciplines.
Since 2015, the core journal in the design field is Packaging Engineering that has sig-
nificantly increased the volume of publications on the subject of user experience, while
the volume of other journals does not fluctuate significantly. This also indicates that
the research on user experience in design field in China is starting to deepen gradually,
which conforms to the people-oriented policy direction advocated by the state.

From the distribution of core authors and institutions, most researchers of user
experience research in China are independent researchers, and only a few have formed
research teams. Most of the research institutions are universities, few independent sci-
entific research institutions, and the cooperation network between them is sparse. From
the perspective of geographical location, there are few cross regional and cross unit
cooperation networks, and the distribution of scientific research is decentralized as a
whole.

From the perspective of research hotspots, the research based on user experience
mainly focuses on the research based on user sensory perspective, interactive perspective,
and internet application perspective. In recent years, with the emergence of artificial
intelligence devices and the in-depth study of Metaverse virtual real interaction, China
has gradually entered the stage of population aging and the popularization of mobile
internet applications. The user experience of virtual real interaction of Metaverse, the
user experience of intelligent devices of aging people and the related user experience
based on mobile internet applications may become the research focus and future trend.
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Abstract. Manymedical devices on the market are labelled “user-centred”; how-
ever, a large percentage of them are not designed to adequately reflect the needs
and features of the end-users. Design issues have led to accidents in which poor
experiences impair product functionality and even threatens users’ safety. This
study explored the user information factors that hindered the success of new med-
ical devices that were effective, safe and easy to use, and also the correlations
between these factors. A case study methodology was utilised to gain improved
understanding of the factors that substantially influence the user performance of
new products. In specific, the project processes of sixteen medical devices pro-
duced by two carefully selected manufacturers were analysed, through analysing
the project archives of the devices, interviewing team members playing key roles
in the development processes, and validation workshops. The results also revealed
that the design of most of the devices in the study was based on insufficient user
insights. This owed to the issues embedded in both the ways of obtaining user
information and using the information. These are as follows: 1) unreliable infor-
mation sources; 2) linear and unidirectional data delivery manner; 3) inconsistent
ways of translating and presenting data; and 4) lack of central governance of
project information.

Keywords: Creativity · User information factors · Medical device · Product
design

1 Introduction

Improving the design of medical devices plays an important role in minimising the risk
of an incident occurring during use, given that the usability of many devices are ill
considered in the design processes, affecting the end-users’ psychological state and/or
their abilities to engage with the devices [1, 2]. Historically, the healthcare delivery
system has been criticised for its “culture of blame” in which culpability for failure
has been attributed to the human elements of the system: people make errors, therefore
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peoplemust change their behaviour to reduce errors [3]. Recent studies have revealed that
human errors aremore generally associatedwith latent causes hiddenwithin systems and
processes [4]. In England, for example, The National Health Services England received
over forty-thousand reports of patient safety incidents involving medical devices in 2013
[5]. Chris Smyth, Health Correspondent of The Times, even pointed out that thousands
of patients were killed or seriously injured because ofmistakes caused by the poor design
of drugs packets and confusing medical equipment [6].

The analysis of the design of failed medical devices by authoritative bodies like
the Medicines and Healthcare Products Regulatory Agency (MHRA) and the National
Patient Safety Agency (NPSA) further identified a lack of systematic considerations of
human factors, rather than flawed technology, as a major contributor to patient-related
incidents [e.g., 7]. For example, manual override is positioned such that it is difficult
to access during surgery; diathermy hook is not compatible with lead; and a female
size catheter length is used on a male patient due to the difficulty in discriminating the
equipment [8].

Furthermore, merely addressing the clinical needs of the users and the safety needs
of the systems will not guarantee the success or prevent dissatisfaction or ad hoc mod-
ification of the devices. Additional user factors like their working and living patterns
must be considered during design to ensure a good fit with user requirements - ideally
users should not have to modify either the device or their working pattern or lifestyle in
order for it to be used. The system where devices will be used in conjunction with other
equipment by different users for the treatment of numerous conditions and in a variety
of settings [9].

Despite beginning to understand the value of “good” design in developing newmed-
ical devices, the manufactures are typically pressed by resources to engage with formal
user research and design methods [10]. As a result, the approaches utilised in developing
new devices need to evolve, to ensure that the end devices reflect both the latest progress
in medical science and technology, and also the continuously rising demands in terms of
human factors i.e., safety, ease of use, and the users’ subjective wellbeing. This would
in turn require effective, accurate, credible and up-to-date information being applied in
the process of designing MDs.

Addressing the above concerns, this study explored the user information factors that
hindered the success of new medical devices that were effective, safe and easy to use,
and also the correlations between these factors.

2 Method

According to Flyvbjerg [11], case studies are necessary to understand a phenomenon
to any degree of thoroughness, while statistical studies are necessary to understand the
prevalence of a phenomenon. Following this understanding, case studies were engaged
with two carefully selected medical device manufacturers that had shown a successful
record in the design, implementation, and delivery of innovative medical and healthcare
solutions, to acquire improved understanding of the factors that substantially influence
the user performance of medical devices on the market. The two manufacturers are
hereafter referred to as M1 and M2, for reasons of confidentiality agreements.
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Sixteen devices produced by M1 and M2 (eight from each) between 2011 and 2021
were selected as case examples for investigation, including two hearing aids, four blood
glucose meters, three wheelchairs, two chair absence sensors, and three forced airway
devices, and two electrocardiogrammonitors. In terms of functionality, the devices could
be categorised into three types, namely assistive technologies, respiratory equipment,
respiratory equipment. In terms of intended users, they incorporated both hospital-based
devices intended for use by surgeons, and household devices intended for use by residents
and carers.

Information about the practices that lead to the development of the devices was
obtained from (i) analysing the project archives, (ii) interviewing with the company staff
playing key roles in developing the devices, and (iii) validation workshops. The three
different methods were combined to validate our data by triangulation.

Given the author’s limited knowledge about the two manufacturers prior to the stud,
the Snowball Sampling method [12] was adopted in selecting the interviewees. The
author initially contacted M1’s chief technology officer and M2’s innovation director.
With the two contact persons’ input and help, the other company staff that played key
roles in developing the twenty example devices were identified and reached. The first
author contacted twenty company staff in total, and twelve participated in this study (5
from M1, 7 from M2), including one innovation director, one chief technology officer,
three project managers, two innovation researchers/designers, one service manager, two
installation engineers and one marketing director. They represented critical functions
including board level management, project management, product design, manufacturing
preparation, quality control, marketing, and after-sale services.

A total of twenty-five interviewswere carried out, each lasted from30 to 80min (total
duration ≈24 h). Ten of the informants were interviewed twice, and the other one three
times, because the latter had additional information about the example devices that was
not covered in earlier interviews. The interviewer was made aware of this through other
interviews. The interviews were conducted either face to face or via virtual conference
platforms. The interview format was qualitative and semi-structured [13, 14] to reflect
the exploratory nature of the study. Table 1 summarises the types of devices investigated
in the study, the individuals consulted, and the research activities (See Table 1).

The interview questions were structured to capture three types of data: (i) the role the
user is perceived to play within the development processes of the example devices; (ii)
what human factors engineering methods they applied (if any) within the development
process; and (iii) what they saw as the barriers and benefits to effectively involving users
within the development processes. Before beginning, a preliminary interview guide
was prepared, which evolved as individual interviews progressed, allowing the inter-
viewees to provide greater depth on matters that the author found important [15, 16].
The author also explained the purpose and format of the interview to the interviewee,
and informed consent to participate, and for the audio recording of the interview, was
obtained. All interviews were audio-recorded and later transcribed, and the author also
took notes during the interviews. In addition, the archives of the sample devices incor-
porating design/product specifications, reports, and meeting records were reviewed to
gain contextual knowledge, and also to consolidate the interviews.
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Table 1 The samples devices and the interviewees within the manufacturers

Devices
(sum = 16)

Manufacturers Individuals consulted
(n = 12)

Interviews (sum = 23, total
duration ≈24 h)

Face-to-face
interviews
(sum = 12)

Interviews
via virtual
conference
platforms
(sum = 13)

Two hearing aids,
Four blood glucose
meters,
Two
electrocardiogram
monitors

M1 Two project
managers

n = 2 n = 2

Innovation director n = 1 n = 1

Marketing director n = 1 n = 1

One
researcher/designer

n = 1 n = 1

Three forced airway
devices,
Two chair absence
sensors,
Three wheelchairs

M2 Two project
managers

n = 2 n = 2

Chief technology
officer

n = 1 n = 1

One
researcher/designer

n = 1 n = 2

One service manager n = 1 n = 1

Two installation
engineers

n = 2 n = 2

After gathering the case information, two validation workshops were held to give
both the author and the interviewees the opportunities to comment and elaborate on the
case facts and findings as well as the constructed time line of actions and events.

2.1 Data Analysis

All the interviews were transcribed successively, and the transcriptions were read several
times and coded manually [16]. With reference to the case study undertaken by [17], the
data analysis in this study was conducted in three steps with some iteration. The first
step was an open coding where discrete incidents were given a label that represented a
phenomenon, e.g., no internal design team, little experience (in user research), and low
priority. During this process, questions were asked, such as “What is this?” And differ-
ent incidents were compared and categorised. In the second step, an axial coding was
performed, where the author focused on the conditions that gave rise to the phenomenon
associated with the application of human factors research and engineering methods, the
context in which the phenomenonwas embedded, the strategies bywhich it was handled,
and the effect produced on the example devices.



318 F. Yang et al.

As a check on the analysis, thirty percent of the transcripts were analysed by both the
first author and the second author. After this the two researchers discussed their readings
of the interviews and came to an agreement on the theme categories before analysis
proceeded onto the subsequent transcripts. The first author then analysed the rest of the
data. Descriptive statistics were reported for the quantitative data collected in this study.

3 Results

3.1 Source of User Data

The results from this study showed that the user insights utilised in the development of
the sixteen example medical devices were established from the four sources: clients, in-
house front-end user research, after-sale services practices, and teammembers’ intuition
and experience.

Intuition and experience influenced team members’ user insights that were utilised
within the development of all of the sample devices; and was the sole source of user
knowledge for 31.25% (n = 5) of the devices. In addition to intuition and experience,
user information for 31.25% (n = 5) of the devices came solely from clients; 25% (n =
4) came solely from after-sale service practices; 6.25% (n= 1) came from a combination
of clients and in-house user research, and 12.5% (n = 2) came from a combination of
in-house user research, and service and installation practices. It needs to be noted that
for none of the devices user information came from all of the four sources. Overall,
the clients contributed to 37.5% (n = 6) of the devices with user information; after-sale
service practices to 37.5% (n = 6) of the devices; and in-house front-end user research
to only 18.75% (n = 3) of the devices.

When interviewed, 83% (n = 10) of the informants regarded after-sale service prac-
tices as an economical and efficient in-house source of user information. The most
common reason given by the informants was that the service engineers accessed the
end-users more frequently compared with other company staff, e.g., to solve technical
problems, install new products and replace components. Amore practical reason pointed
out by the informants from both M1 and M2 was:

“front-end user research was rarely carried out in the design innovations”.
The R&D researcher from M1 held a different view because:
“the user data provided from this source is sometimes inaccurate and unreliable”;

and the installation engineer from M2 stated:
“he was not trained to do this job probably”, and
“there was not a formal structure to encourage to withdraw user data from the

service practices”.
Although M1 and M2 have their own R&D teams, the interviewed researcher and

the innovation director indicated that both of the two R&D teams rarely engaged font-
end user research activities in daily product development practices. Even for the three
(18.75%) devices that in-house front-end user research occurred, the research of one
device was performed by the service engineers.
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3.2 Application of User Data

3.2.1 Information Transmission

The interviews and the analysis of the project archives showed that critical project data
produced and/or applied in developing the example devices was transferred among team
members a linear fashion comprising multiple layers. In M1, for example, the common
way of delivering a piece of user information or any “blue-sky thinking ideas” was like
this: a staff member obtained the information that he/she considered valuable; he/she
then reported it to the department leader; the latter gathered such information from the
whole department then passed those he/she selected through the business hierarchy via
groupmeetings held every four-sixweeks. In otherwords, user information obtained by a
service engineer needed to go through the installation manager, the quality management
department, the R&D department and the product management department, in order
to reach design engineers that applied the information in designing new devices (See
Fig. 1).

Service
engineers

End
users

The
installation
manager

Quality
management R&D

Territorial
management

Product
management

The design
team (external)

Product
issues

Technical
issues

Other user
information uncertainuncertain

Department DataTarget

Fig. 1 The process of exploring and communicating market and client information, in M1

On the other hand, the companymaster data (including the principalNPDprocess and
quality policies) did not determine when and how the many different transmitters should
act in data delivery, nor was there consistent understanding among the transmitters to
ensure that the data reach the recipients in time. As per the interviewed service engineer:

“Even when I have fed back to the company an improvement idea from the user, I
often do not know what has happened to it. It is like a black hole…”

Information Translation. In the course of delivery, original data was processed by
different transmitters. For example, in M1, user information received by the designer
had already been selected, interpreted and synthesised by transmitters from Installation,
Quality Management, R&D and Product Management (See Fig. 1). Finding from a
combination of the interviews and the analysis of the project documents showed that
the transmitters deployed diverse formats for recording, presenting and communicating
data. For example, a long written description of design assignment could be over fifty
pages, while a short statement was only half an A4 page. Even for central documents
like design specifications, they were found in the project archives to be communicated
between team members via an interactive presentation, a template, an email or even a
verbal agreement.
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In such instances, information receivers had difficulties in decoding the sender’s
information, because the information was received in relatively unfamiliar formats [18].
As per one of the M1’s project manager,

“over 50% of time in a project was consumed by transferring the format of
documents across platforms”.

Besides, the innovation director at M2 and the design engineer at M1, as data con-
sumers, pointed out that there was no opportunity to trace back to the data source, to
either validate the credibility or to discover further details as needed for designing.

Data Storage. The interviewees from both M1 and M2 confirmed the companies’ poli-
cies required project information to be kept in the corresponding folder saved on the cen-
tral drive (on-line data safe). While the interviews showed that all of the twelve projects
in this study had their own respective project folders. As a result, valuable information
was found by the author to be missing, incomplete, duplicated or inaccurate, and was
kept in heterogeneous application silos with insufficient consistency among them. For
75% (n = 9) of the devices, a document describing user-relevant design requirements
was missing. For 58.3% (n = 7) of the devices, there was no document, in any format,
depicting the design assignment or tracking the progress of the design processes.

Although all of the interviewees agreed that the companies’ central drive was more
secure and also easy to access, only 33.3% (n = 4) frequently used the folder to manage
information during a project cycle; 25% (n = 3) used it occasionally; and 41.7% (n
= 5) rarely used it. Most (66.7%, n = 8) established their own archives to manage
project related documents. These personal archives contained information that was not
available in the companies’ central drive. Even for a device that was launched two
months prior to this study, the project manager could not recall the exact details of initial
design requirements when being interviewed. Nor was he able to recover any document
accommodating user information.

4 Discussion

The above results revealed that effective and valid user information was absent in the
design processes of the majority (88%, n = 23) of the example medical devices. This
situation was attributed to the issues in two design innovation management areas: (1)
the sources of user information, and (2) the application of user information.

4.1 Issues Concerning the Sources of User Information

Firstly, for both M1 and M2, there was lack of systematic front-end user research to
produce reliable, accurate, in-depth and complete information regarding the end-user
and the market, within the processes of developing new medical devices. This issue led
to critical and valuable information being omitted,with unreliable and inaccurate insights
being taken on-board during project formulation and product designing. User insights
utilised in formulating project strategies were established solely from team members’
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intuition and experience, for 31.25% (n = 5) of the devices (See Sect. 3.1). Exploiting
intuition in decision-making at the front end of NPD increases new product creativity
[19], whereas making intuitive judgments alone may lead to inaccurate or erroneous
decisions [20]. Although there was unanimity among the interviewed company staff that
intuition was strongly related to “the right experience and knowledge”, intuition needs
to be used in addition to generally accepted rational approaches, in fuzzy front-end
decision-making [e.g., 21, 22, 23]. Even for a combination of cognitive and intuitive
judgment, its effectiveness can be associated with other factors, for example, the level
of stress under which team members were working [19].

Secondly, the manufacturers investigated tended to depend on “second-hand user
information” which quality cannot be promised. As elaborated in Sect. 3.1, the clients
contributed to 37.5% (n= 6) of the example deviceswith user information, that wasmore
than any other user information sources determined. For 31.25% (n = 5) of the devices,
user input even came from clients solely. In the medical device sector, user information
acquired from the clients can be beneficial, given that some clients like hospitals and
non-hospital healthcare facilities, and local authorities and housing associations have
expertise in the medical and healthcare area, and also frequently engage the device
users. However, the accuracy, completeness, broadness and credibility of the information
provided by these sources cannot be promised, not to mention meeting the particular
needs from the design perspective. This is because that in these cases the user information
was produced by external organisations, at different locations, using unknown methods,
and with purposes that might not be in line with the strategy and/or requirements of a
specific new device design project.

4.2 Issues Concerning the Application of User Information

Information Transmission. While original user information might not be reliable with
regard to the information sources, its quality was further eroded throughout the delivery
process. This issue was attributed to both the inefficient data delivery manner and the
unclear roles and responsibilities of the transmitters.

Section 3.2 reveals that at both of the two manufactures user information was trans-
mitted in a linear manner wherein multiple communication layers existed between the
information producers and consumers. An excessive amount of time was consumed dur-
ing data transmission, while success in medical device development requires designers
and other key stakeholders to solve product issues in a timely fashion [24]. More impor-
tantly, the consistency and quality of information was easily eroded when being handed
over from one transmitter to another, without a data quality monitoring framework. This
issue became more prominent with the unidirectional nature of the information deliv-
ery manner, particularly between the sources of user information and its consumers.
Besides, the designers were only passive recipients, although the bi-directional relation
between data discovery and usage and within iterative feedback loops between different
divisions has been broadly recognised by researchers and practitioners to be essential
in successful product innovations [e.g., 25, 26–28]. These factors explained why the
informatics system at both M1 and M2 failed to keep project data “alive”.

To further exacerbate the inefficiency in the delivery of user information, there was a
lack of consistent definitions on the roles and responsibilities of both the data transmitters
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and the providers. This not only diluted the efficiency and quality, but also strangled the
data generator’smotivation in producing data and the transmitter’smotivation in ensuring
the data reach the right recipients in time. As described in Sect. 3.2.1, some in-house
information producers lacked sufficient sense of contribution that was supportive to a
feeling of being responsible, in charge, proud, and involved with work output (Mongiat
and Snook 2007).

Information Translation. Data transmission in design innovations commonly starts
with a broad perspective and then reaches specific implications for solutions in an iter-
ative way. At M1 and M2, this process involved multiple transmitters who had various
knowledge background, used different “language”, and were motivated by diverse con-
cerns. As a result, richness, validity and accuracy of data was easily corrupted; valuable
data fragments were frequently lost; and too much time was consumed. This highlights
the necessity for applying a company level guideline determining how data should be
processed, with the purpose of ensuring accuracy, credibility and traceability.

Moreover, the informatics system at the company needs to be changed, to enable
both present and future data consumers access raw data, allowing them to repeat the
translation process according to different purposes. This is because original data should
be translatable in different perspectives, at various levels and in diverse departmental
terminologies, to produce effective insight as needed for different applications within the
development processes. In user testing, for example, marketers tend to prefer actionable
input; whereas designers want to know who the users are, how they interact with the
product, and what their comments are in detail.

Information Storage. At bothM1 andM2, the corresponding folder established on the
companies’ central drive was rarely used. These folders were barely visited after the
projects were completed, albeit knowledge and insights gained from individual projects
can serve as reference data that is supportive to other/future projects [29]. One critical
cause was that there was no effective data governance to ensure that all team members
apply a format that is distributable across platforms, to enable consistent understanding
of master data entities and their relationships. Besides, the project folders stored in the
central drive were poorly maintained, as no company staff was dedicated to this job. As a
result, finding useful data across projects and/or tracing back to the data source became
increasingly difficult, with the day-to-day growth of data volumes. This reduced team
members’ willingness to use the central drive, which in turn affects the efficiency in data
usage.

This issue concerning data storage can also create difficulties for devicemaintenance,
support services and future device upgrades. For example, if a product suddenly starts
to “fail” a few years after it was first produced, comparing current data with the original
would be essential to unfold the causes – whether it is because the design process in
the first place was flawed; there are fundamental changes in customer expectations; or
service engineers do not do their job properly.
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5 Contribution, Limitation and the Next Step

Actual or potential applications of this study include the facilitation of the appropriate
application of human factorsmethods in developingnewmedical devices. It also provides
a reference for revising industrial standards and guidelines in the sector.

The main concern is related to the possibility of generalising the conclusions to
other entities. This means that the findings may not be considered conclusive, and would
benefit from investigating a broader spectrum.
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Abstract. Equipment in the next few years. As large-screen personal devices
to view virtual exhibitions, tablet computer and computers have two interactive
modes of touch and mouse. This study aims to investigate whether mouse and
touch affect users’ usability and immersion experience. During the process, the
typical interactive actions of viewing online exhibitions under the two methods of
tablet pc touch and computer mouse were extracted, and 2 typical tasks were set
up. The operation count and operation time were recorded, and then the usability
and immersion scores were obtained by subjective scale. Finally, a brief experi-
ence interview was conducted to investigate the experience differences of viewing
virtual exhibitions under different interactive modes. The results showed that the
usability score and immersion score of using tablet pc touch were better than
using computer mouse, and the operation time was more for the table pc than for
computer mouse. The results of this research can be used as a reference for the
interactive design of the online virtual exhibition on tablet pc and computer.

Keywords: Online exhibition · Immersion · Usability · Interaction mode

1 Introduction

1.1 Background

With the development of 3D reconstruction technology, the real scene is reconstructed in
the digital world, and online exhibition brings people innovative experience. Because of
the epidemic, online exhibitions have become a way for the public to communicate with
museums since 85,000 museums closed around the world in 2020. For viewing virtual
exhibitions, VR display equipment is undoubtedly the best display carrier at present.
However, due to the limitation of application scenarios and high price, VR equipment
is not widely owned by people. In the next few years, the experience of such scenes
will still be dominated by computers, mobile phones and tablet pcs for most users.
Therefore, optimizing the experience of online exhibitions on such devices is still a
matter of concern.

Tablet pcs and computers, as large-screen personal devices, have two typical interac-
tion methods of touch and mouse, which have an important impact on users’ experience
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of viewing online exhibitions. Previous studies have been conducted to compare differ-
ent types of scenes and confirmed the difference of usability between mouse and touch
[1]. [2] found that the touch screen performed as equally well as the mouse when tested
with a web map. [3] found evidence that touch-based input was better than mouse-based
input in a tablet pc interaction context and in terms of throughput and movement time
[3]. However, in contrast, [1] showed that the mouse-based interaction was faster, caused
fewer errors and was preferred by the participants, they had two abstract type tasks and
one contextualized task [1]. Also, [4] proposed that users’ perception of digital content
may differ based on the device they use. For example, using a touch interface results in
higher engagementwith games and education content [4]. These studies demonstrate that
different interactions lead to different user experience of online content [5]. However,
little research has examined how the touch devices differ from mouse devices on the
sense of immersion when viewing online exhibition. Therefore, this study aims to inves-
tigate the experience differences of viewing online exhibitions using the two interaction
methods.

1.2 User Behavior in Online Exhibition

Panoramic online exhibition provides users with the best sense of scene restoration. Its
advantage is that it can restore the real scene, nonetheless, it has the shortcomings of sin-
gle content and difficult to focus on the viewpoint [6, 7]. The audience need to actively
explore in the online exhibition. Referring to the research of [8], the audience’s view-
ing behavior of viewing exhibitions can be divided into dynamic and static categories
according to the length of stay. In the panoramic online exhibition, users can stand and
click to view the details of the three-dimensional model of the exhibits, and can walk and
browse freely in the exhibition (Table 1). Under the two interaction modes, mouse and
touch correspond to the same operation purpose in different interactive methods [9, 10].
Inmousemode, click the leftmouse button tomove, drag the rightmouse button to switch
the 2D viewing angle, drag the left mouse button to switch the 3D viewing angle, and use
the mouse wheel to zoom the screen. In touch mode, tap with one finger to move, drag
with two fingers to convert the 2D perspective, drag with one finger to convert the 3D
perspective, and pinch with two fingers to zoom the screen. [9, 10] (Table 2).

Table 1. User behaviors in exhibition

User Behaviors in Exhibition Example

Dynamic behavior
Look around
Go straight
Turn

Static behavior Look at an exhibit
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Table 2. Interactive actions in online exhibition

Heading level Mouse Touch Interactive action

Move Position or switch interface Click

Transform 3D perspective Drag

Transform 2D perspective Drag

Zoom the model or screen Zoom

1.3 Immersion of Online Exhibition

Online exhibition restores the real scene, which is like online 3D games. It has multiple
interactive user interfaces and allows users to move freely in virtual scenes. Therefore,
like the experience in the game scene, usability [7] and immersion [11] are important
for users viewing virtual exhibitions. The immersion measurement of online exhibition
refers to game scene and virtual space [11, 12], which includes four dimensions: spatial
immersion (The correlation between users and virtual scenes), [12] focused attention
(the degree of ignoring the external world) [4], scene realism (the similarity between
the virtual scene and the real scene), and continuing intention (being attracted by the
exhibition and hoping to continue to experience such content) [13, 14]. In this study,
users ’ immersion in the exhibition is defined as feeling that they exist in virtual space,
that attention is fully attracted, that experience is consistent with the real scene, and want
to continue experiencing the exhibition.

2 Research Purpose

To explore the user experience of online exhibitions in different interactive modes, this
studywillmeasure the differences in usability and immersion between the two interactive
modes. The study first extracts the typical interactive actions of subjects viewing virtual
exhibitions: click, drag, and zoom, and designs experimental tasks based on static and
dynamic behaviors. Since the user’ s subjective experience is often associated with its
operation level [1], the operation data of the participants are also recorded. The operation
time is the time for the participants to complete the task. The operation count on the
computer side is the number of mouse clicks and rollers. The operation count on the
tablet pc side is the number of single finger and double finger operations. In this study,
different devices are used for touch screen display and mouse display as independent
variables, the operation count and operation time are set as objective dependent variables,
and the usability score and immersion score are set as subjective dependent variables.

Based on previous studies, The hypothesis and expectations are as follows:

Hypothesis 1: The usability of using tablet pc touch is better than that of using computer
mouse.
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Hypothesis 2: The immersion of using tablet pc touch is better than that of using
computer mouse.

3 Method

3.1 Participants

18 college students were recruited from Hunan University in China. The participants
included 9 males and 9 females (Mean age = 24.11 years). All participants were right-
hand dominant and had no hand disease, pain, or touch impairment. They had at least
four years of experience of using a computer or tablet pc, and they have experience in
using mobile phones to view online exhibitions. Among them, the data of 2 participants
were excluded, and 16 valid data were retained.

3.2 Experiment Design

In this study, touch and mouse were used as independent variables, the operation count
and duration of operations were used as objective dependent variables, usability score
and immersion score were used as subjective dependent variables. Participants were
asked to complete two experimental tasks using two devices. Task 1: Go forward to
see the exhibition (participants need to go straight along the designated route, and scan
one exhibits on the left, and click to check one of the exhibits carefully); Task 2: Turn
around to view the exhibition (participants need to turn around in the scene and view the
exhibits on the right). Finally, participants were asked to fill out usability and immersion
questionnaires and make a brief subjective statement.

3.3 Materials

This experiment used “Nepal 3D Statue Art Exhibition” [15] (Fig. 1) as the experimental
scene. The exhibition was launched in 2021. It is a typical panoramic 3D online exhi-
bition, which can be adapted to both computer and mobile terminals. In order to reduce
the difference caused by the display screen quality, the mouse-based device used in the
experiment is a 13.3-in. MacBook pro, and the touch-based device is an 11-inch iPad
pro.

Fig. 1. The experiment scene: Nepal 3D statue art exhibition [15].
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3.4 Questionnaire

After the participants entered the laboratory, the experimenter asked them to read and
sign the informed consent form and verbally reminded them about their rights. Firstly,
the participant needs to be familiar with the online exhibition under the two interaction
modes then inform the experimenter that they are ready to start up. The experiment
consisted of two tasks which users had to complete with both the mouse and the touch
screen. To reduce bias users were split into two groups. Group A completed tasks first
with the mouse, then with the touch screen whilst group B completed tasks with the
touch screen first then the mouse. The participants need to score system usability and
immersion subjectively for each task (Tables 3 and 4), and after that they need to fill in
personal information and preference for exhibition interest on the mobile phone. Finally,
the experimenter conducted a brief experience interviewwith them. The experiment took
about 25 min.

Table 3. Usability components and scale items.

Usability component Measure items

Effectiveness This system’s capabilities meet my requirements

Satisfaction Using this system is a frustrating experience

Overall This system is easy to use

Efficiency I have to spend too much time correcting things with
this system

Table 4. Immersion components and scale items.

immersion component Measure items

Spatial immersion 1. I feel like this is in a virtual space, not pictures
2. I feel I ‘ m roaming inside the exhibition, rather than operating it
outside
3. I feel like I ‘m in virtual space

Focused attention 1. When I was roaming the virtual world I ‘m very concerned about
what was happening around me
2. I still noticed the real environment
3. I was totally attracted to the virtual exhibition

Scene realism 1. It is same as the real exhibition
2. The experience in the virtual exhibition is consistent with that in
the real environment for me

(continued)



330 Q. Yu et al.

Table 4. (continued)

immersion component Measure items

Continuance intention 1. When interrupted, I feel disappointed that the experience was over
2. If I could, I would like to continue experience this kind of
exhibition

Notes: All items on 7-point “strongly disagree/strongly agree” scale were measured

Fig. 2. Experiment process.

3.5 Procedure

After the participants entered the laboratory, the experimenter asked them to read and
sign the informed consent form and verbally reminded them about their rights. Firstly,
the participant needs to be familiar with the online exhibition under the two interaction
modes then inform the experimenter that they are ready to start up. The experiment
consisted of two tasks which users had to complete with both the mouse and the touch
screen. To reduce bias users were split into two groups. Group A completed tasks first
with the mouse, then with the touch screen whilst group B completed tasks with the
touch screen first then the mouse. The participants need to score system usability and
immersion subjectively for each task, and after that they need to fill in personal informa-
tion and preference for exhibition interest on themobile phone. Finally, the experimenter
conducted a brief experience interview with them. The experiment took about 25 min
(Fig. 2).

4 Results

4.1 Usability Score

Table 5 lists the mean (M) and standard deviation (SD) of usability scores for the two
interaction methods. Two-factor repeated-measure ANOVAs were conducted on these
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Table 5. Usability scores for the computer mouse and tablet pc.

Variable Method Task 1 Task 2

M SD p M SD p

Usability Computer 4.88 0.74 0.00** 4.19 1.42 0.01**

Tablet pc 5.97 0.76 5.48 1.10
**. Correlation is significant at the 0.01 level.
*. Correlation is significant at the 0.05 level.

3

4

5

6

7

Task 1 Task 2

U
sa

b
il

it
y
 S

co
re

Computer Tablet pc

Fig. 3. Usability scores

usability scores. The main effect of the interaction method variable is statistically sig-
nificant in two tasks (all p < 0.01). In task 1, The usability score is significantly higher
for the tablet pc (M = 5.97, SD = 0 .76) than for the computer mouse (M = 4.88, SD =
0 .74). In task 2, the usability score is significantly higher for the tablet pc (M = 5.48,
SD = 1.01) than for the computer mouse (M = 4.19, SD = 1.42) (see Fig. 3).

4.2 Immersion Score

Table 6 lists theM and standard SD of immersion scores for the two interaction methods,
including the four dimensions of spatial immersion, focused attention, scene realism,
continuance intention and total immersion. Two-factor repeated-measure ANOVAswere
conducted on these immersion scores. The results show that the main effect of the inter-
action method variable is statistically significant only on the dimensions of continuance
intention and total immersion in task 1(all p< 0 .05). In task 1, the continuance intention
score is significantly higher for the tablet pc (M = 4.69, SD = 1.26) than for the com-
puter mouse (M = 3.88, SD = 0.81), the total immersion score is significantly higher
for the tablet pc (M = 5.31, SD = 1.01) than for the computer mouse (M = 4.31, SD =
1.01) (see Fig. 4).
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Table 6. Immersion scores for the computer mouse and tablet pc.

Variable Method Task 1 Task 2

M SD p M SD p

Spatial immersion Computer 4.06 1.19 0.08 3.63 1.14 0.06

Tablet pc 4.83 1.24 4.46 1.26

Focused attention Computer 4.08 1.12 0.30 3.98 1.08 0.11

Tablet pc 4.54 1.33 4.65 1.18

Scene realism Computer 3.81 1.14 0.09 3.69 1.21 0.30

Tablet pc 4.50 1.10 4.19 1.47

Continuance intention Computer 3.88 0.81 0.04* 3.63 1.02 0.10

Tablet pc 4.69 1.26 4.28 1.15

Total immersion Computer 4.31 1.01 0.01** 3.94 1.53 0.08

Tablet pc 5.31 1.01 4.81 1.22
**. Correlation is significant at the 0.01 level.
*. Correlation is significant at the 0.05 level.
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Fig. 4. Immersion scores
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4.3 Gender Difference

Usability Difference

Table 7. Usability scores for the computer mouse and tablet pc for male and female

Variable Gender Method Task 1 Task 2

M SD p M SD p

Usability Male Computer 4.60 0.76 0.02* 4.31 1.89 0.13

Tablet pc 5.75 0.92 5.63 1.37

Female Computer 5.15 0.66 0.00** 4.06 0.86 0.01**

Tablet pc 6.19 0.79 5.34 0.82

**. Correlation is significant at the 0.01 level.
*. Correlation is significant at the 0.05 level.

Table 7 lists the M and SD of usability scores for male and female in the two
interaction methods. Two-factor repeated-measure ANOVAs were conducted on these
usability scores separately. In task 1, the main effect in the interaction method variable
are statistically significant for usability score in male and female (all p< 0.05), the male
usability score is significantly higher for the tablet pc (M= 5.75, SD= 0.92) than for the
computer mouse (M= 4.60, SD= 0.76) and the female usability score of is significantly
higher for the tablet pc ( M = 6.19, SD = 0.79) than for the computer mouse (M = 5.15,
SD= 0.66). In task 2, the main effect in the interaction method variable isn’t statistically
significant for male usability score (p= 0 .13), but it’s statistically significant for female
usability score (p< 0 .01), the female usability score is significantly higher for the tablet
pc (M = 5.34, SD = 0.82) than for the computer mouse (M = 4.06, SD = 0.86).

Immersion Difference

Table 8. Immersion scores for the computer mouse and tablet pc for male and female.

Variable Gender Method Task 1 Task 2

M SD p M SD p

Spatial immersion Male Computer 3.67 1.30 0.40 3.29 1.35 0.36

Tablet pc 4.25 1.41 3.92 1.33

Female Computer 4.46 0.99 0.04* 3.96 0.84 0.04*

Tablet pc 5.42 0.71 5.00 0.99

(continued)
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Table 8. (continued)

Variable Gender Method Task 1 Task 2

M SD p M SD p

Focused attention Male Computer 3.83 0.94 0.57 3.83 1.23 0.78

Tablet pc 4.21 1.53 4.00 1.13

Female Computer 4.33 1.28 0.38 4.13 0.96 0.02*

Tablet pc 4.88 1.10 5.29 0.86

Scene realism Male Computer 3.44 1.43 0.44 3.31 1.58 0.94

Tablet pc 3.94 1.05 3.38 1.69

Female Computer 4.19 0.65 0.04* 4.06 0.56 0.00**

Tablet pc 5.06 0.86 5.00 0.53

Continuance intention Male Computer 3.56 0.86 0.24 3.50 1.20 0.37

Tablet pc 4.38 1.66 4.06 1.24

Female Computer 4.19 0.65 0.03* 3.75 0.89 0.16

Tablet pc 5.00 0.65 4.50 1.10

Total immersion Male Computer 3.87 1.25 0.13 3.62 2.07 0.42

Tablet pc 4.88 1.25 4.38 1.51

Female Computer 4.75 0.46 0.00** 4.25 0.71 0.01**

Tablet pc 5.75 0.46 5.25 0.71
**. Correlation is significant at the 0.01 level.
*. Correlation is significant at the 0.05 level.

Table 8 lists the M and SD of immersion scores for male and female in the two
interaction methods, including the four dimensions of spatial immersion, focused atten-
tion, scene realism, continuance intention and total immersion. In both task 1 and task
2, the main effect in the interaction methods variable isn’t statistically significant for
male immersion score (all p> 0.05). In task 1, the main effect in the interaction method
variable is statistically significant on the dimensions of spatial immersion, scene realism,
continuance intention and total immersion in female (all p < 0 .05). In task 2, the main
effect in the interaction method variable is statistically significant on the dimensions of
spatial immersion, focused attention, scene realism and total immersion in female (all p
< 0 .05).

4.4 Operation Behavior

Table 9 lists theM and SD of operation count and operation time for the computer mouse
and tablet pc. Two-factor repeated-measure ANOVAs were conducted on the operation
count and operation time.
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Table 9. Operation count and time for the computer mouse and tablet pc.

Variable Method Task 1 Task 2

M SD p M SD p

Operation Count Computer 35.12 13.83 0.32 17.06 6.13 0.13

Tablet pc 40.25 15.04 21.62 10.00

operation Time Computer 57.75 25.23 0.50 26.53 12.15 0.01**

Tablet pc 52.38 18.46 40.25 15.04
**. Correlation is significant at the 0.01 level.
*. Correlation is significant at the 0.05 level.

Operation Count
In task 1, the operation count for the tablet pc (M = 40.25, SD = 15.04) is more than
for the computer mouse (M = 35.12, SD = 13.83) (see Fig. 5). In task 2, the operation
count for the tablet pc (M = 21.62, SD = 10.00) is more than for the computer mouse
(M = 17.06, SD = 6.13). However, the main effect of the interaction method variable
isn’t statistically significant for operation count in both task 1 and task 2(all p > 0.05).
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Fig. 5. Operation count

Operation Time
In task 1, the main effect of the interaction method variable isn’t statistically significant
for operation time (p= 0.50). In task 2, themain effect of the interactionmethod variable
is statistically significant for operation time (p< 0.01). The operation time for the tablet
pc (M = 40.25, SD = 15.04) is more than for the computer mouse (M = 26.53, SD =
12.15) (see Fig. 6).
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Fig. 6. Operation time

4.5 Subjective Preference

In addition to the measured values, we asked for participants’ preferences. Of the 16
participants, 15 preferred tablet pc and only 1 preferred computer mouse. In addition,
five participants said they were more accustomed to computer mouse; two participants
thought that usingmouse click and drag on the computer to switch the spatial perspective
was not used to and would increase their fatigue.

5 Discussion

With our goal of exploring the user experience of online exhibitions in different inter-
active modes, we now discuss those aspects of our results that are most surprising/or
most relevant for our target application domain.

The results show that the usability and immersion are better for the tablet pc than
for computer mouse, and 94% of the participants prefer tablet pc. This validates two
hypotheseswe proposed before.According to the conclusion of the interview, the reasons
participants prefer tablet pc are as follows:

1. The tablet pc is similar to the mobile phone in operation, so they are more familiar
with the interaction method of touch;

2. Touch has a stronger sense of control than the mouse in dragging, and it is more
natural and fluent;

3. The movement of eyes and hands during the viewing of the exhibition is more
consistent, which makes the user’s attention more concentrated;

4. When the tablet touch operation, the physical distance between people and the
exhibition is closer, and a clearer viewing experience can be obtained.

These are consistent with the research findings of [2]. However, this conclusion is
contrary to the research of [1]. The reasons for this may be improvements in touchscreen
technology (the new iPad pro uses a higher-resolution retina screen, unlike previous
capacitive screens), and the placement of the screen has a comfortable slope, while the
touchscreen in Charlotte’s research for vertical placement.
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It isworthmentioning that 5 participants said that although they aremore accustomed
to computer operation, they rated the usability of computer mouse operation lower than
tablet. Because they often play computer games andmodeling, they aremore accustomed
to the operation of the mouse and keyboard. They noted that “on the computer side it
requires manual clicking and dragging to change the perspective, while in the game I
can change the perspective and position by simply moving the cursor.”

In task 1, the immersion scorewas significantly higher for tablet pc than for computer
mouse. In task 2, the main effect of interaction variable was not statistically significant
for immersion score. This shows that the degree of immersion difference is related to
the task setting, and the immersion difference of the task that requires careful viewing
of exhibits is greater. One of the reasons is that all the participants have experience in
computer modeling and are very familiar with the operation of viewing 3D models.
When they associate the exhibits on the computer with the previous product models, the
realism of the exhibits will be weaker.

6 Conclusion

This study explores the differences in usability and immersion between computer mouse
and tablet pc for users viewing virtual exhibitions. Experiments had confirmed that
the usability and immersion of using tablet pc to view virtual exhibition is better than
computer mouse. Moreover, there were gender differences in the degree of immersion
difference between the two interaction methods. In addition, we found the operation
time was less for the tablet pc than for the computer mouse, and the immersion of
viewing virtual exhibitions has scene differences and was affected by its own operating
habits. The findings broaden the study of both touch and mouse interactions. In addition,
the differences in spatial immersion experience of interactive methods in virtual three-
dimensional space are explored, which has certain design guiding significance for the
interactive design of online panoramic exhibitions on tablet pc and computer.

For design suggestions, the usability is worse for the tablet pc than for the computer
mouse when clicking, and tablet touch usability is better when dragging. The space
switching operation of two interaction methods needs to be optimized.

In the selection of participants, the participants in this study were all experienced
users of 3D modeling software. We did not investigate the differences in the experience
of viewing exhibitions for users without 3D manipulation and modeling experience. In
the selection of influencing factors, this paper focused on comparing the differences in
the experience of viewing exhibitions between the two interactive methods. The impact
of task type and device size on immersion can be further studied.
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Abstract. The main purpose of this paper is to construct the evaluation index of
the systemand study the degree of influence of themain factors affecting the design
of mobile music app from the perspective of user experience. By means of liter-
ature research and questionnaire survey, the index system of influencing factors
of user experience was established, and the fuzzy DEMATEL model was estab-
lished. This paper constructs an index system of influencing factors of mobile
phone music app user experience, which includes five dimensions (reliability,
usability, ease of use, interaction, security) and 19 influencing factors. The 10 key
factors affecting the mobile music App user experience were identified, namely,
music richness, personalized service, listening function, copyright information
protection, interpersonal interaction, system performance, personal information
protection, audio quality, interface design and payment protection. Finally, the
index system of influencing factors of mobile music App user experience is con-
structed, and the importance of influencing factors of mobile music App user
experience is analyzed.

Keywords: Fuzzy DEMATEL model · Mobile music app · User experience

1 Introduction

As we enter the second decade of the 21st century, smartphones are developing rapidly.
With the help of smart apps, the primary way to listen to music is to switch from
downloading to listening online. This shift has made it easier to access and distribute
music, andmobilemusic listening is not limited by timeor space. In the age of fragmented
entertainment, online music is beloved and has entered everyone’s daily life. As of
February 2021, China had 657 million mobile network music subscribers, accounting
for 66.6 percent of all mobile phone users [1]. In October 2020, our mobile network
music active user week averaged 105.8 min, second only to gaming and web-video apps
in mobile entertainment applications [2]. Access to online music services via various
mobilemusic apps has become an important formof entertainment in people’s daily lives.
Since 2010, China’s mobile music industry has entered a mature and stable period. As
the largest digital music market in the world, there are now hundreds of mobile music
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apps on every platform in China, and the online music service industry is becoming
saturated. The number of monthly active users of mobile music app is stable against a
backdrop of peaking overall internet traffic. In recent years, with the strong investment
of capital and competition frommany commercial forces, the pattern of music copyright
has stabilized [3]. Therefore, as copyright and market size gradually stabilize, it is very
important to improve the user experience, not only to improve user stickiness, but also to
improve the quality of mobile music services, and to promote the healthy and sustainable
development of mobile music app. The user experience has surpassed traditional factors
such as resource rights, platforms anduser groups as oneof the key factors that distinguish
mobile music app from fierce competition [4].

At present, the commercial development of mobile music app is quite mature. Most
of the existing research on Music App has focused on the development of features such
as song catalogs [5] and playback pages [6] in music player interface design, which in
some ways measures the availability of mobile music Apps. Online music platforms
have been systematically evaluated by scholars [7], However, there are few theoretical
researches on user experience, and there is no systematic analysis of the key influencing
factors of mobile phone music app user experience, mainly for single system such as
music retrieval [8] and music recommendation [9].

Most related studies collect data by means of questionnaires and semi-structured
interviews [10], which is subjective and may lack some important relevant factors,
which leads to the one-sidedness of the evaluation system, which can not fully assess
the importance of the factors. Based on the 5E model proposed by Quesenberry [11]
and the cellular model proposed by Morville [12], this paper constructs an index sys-
tem of influencing factors for mobile phone music App user experience, including five
dimensions: reliability, availability, ease of use, interaction, security, and 22 influenc-
ing factors. Then we corrected the influencing factors to 19 through a questionnaire.
Using the Decision-Making Trial and Evaluation Laboratory (DEMATEL) method, we
introduced triangulated fuzzy numbers, built fuzzy-DEMATL models, and extended the
single values of the comparison matrix to a fuzzy interval, giving decision makers an
appropriate judgment space to identify key factors affecting the mobile music app user
experience.

2 Construction of the Index System of Influencing Factors
of Mobile Music App User Experience

In this study, the index system of influencing factors of mobile phone music app is
constructed from 5 dimensions by summarizing and analyzing the related research of
product user experience, referring to the 5E model proposed by Quesenberry and user
experience honeycomb model proposed by Morville (Figs. 1 and 2).
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Fig. 1. 5E model proposed by Whitney Quesenberry

Fig. 2. The user experience honeycomb by Peter Morville

By means of literature analysis and questionnaire survey, an index system of influ-
encing factors ofmobile phonemusicApp user experience is constructed. First, the study
used literature analysis to search and summarize a literature review of the CNKI (China
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National Knowledge Infrastructure) from 2000 to 2020. The 22 influential factors affect-
ing the mobile music App user experience were selected using the terms Mobile Music,
Mobile Music, Mobile App, User Experience, User Satisfaction, User Perception, User
Willingness, Influencers, and User Evaluation.

Then, the 22 influencing factors were revised by means of a questionnaire. A total
of 100 effective questionnaires were issued, of which 91, or 91%, of the respondents
were between the ages of 15 and 50, with students and young and middle-aged workers
(Table 1).

Table 1. Index system of influencing factors of mobile music app user experience.

Dimension Influencing factors Instructions

Reliability Stability Software has fewer flashes and a low
error rate
Vulnerability can be fixed in a timely
manner and software crash rate is low

Fluency When using the software, it responds
quickly, with no time lag

System performance Software compatibility is high
Small software package with low
memory usage

Usability Music richness The size of the software library, the
variety and genre of music resources
available, and the length of time covered

Audio quality Clarity of audio provided

Timeliness Whether the singer’s new album is
included in time and whether there is
the latest album

Functional integrity Whether it covers recommendation,
personal center, community, music
purchase and other complete services to
meet the various needs of users

Functional rationality No or less useless functions such as live
broadcast and mall
Rationality of charging price

Ease of use Personalized service Classify and push content based on
your search and listening preferences
Software layouts and wallpaper can be
customised
Personal centers have personalization,
etc

(continued)
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Table 1. (continued)

Dimension Influencing factors Instructions

Convenience Users can easily and quickly retrieve
information, search for music they have
heard before, easily view music
information, collect and download
music

Song listening function Software provides features such as
setting up song lists, sound effects, loop
modes, lyrics or MV displays to
improve the listening experience

advertisement No malicious ads, no bundles and fewer
ads in the software to reduce
interference during listening

Usage mode Software offers different modes of use
such as driving mode, night mode,
small window mode

Interaction Interface design The beauty and comfort of software
interface design, including icon and
font design, content layout, and color
scheme

Interpersonal interaction Software should support comments,
likes and retweets of songs
Support for user-to-user viewing and
chat to create opportunities for
like-minded users to meet and interact
Have a user community and can retweet
and comment on content within the
community

Feedback system There should be sound and effective
communication between users and
customer service personnel, regular
consultation with clients, timely
processing of feedback from users

Security Personal information protection Individual registration information,
listening records, song lists created,
comments, purchase information, etc.,
are protected

Payment protection Payment security, diversity of payment
channels, availability of after-sales
service, etc

Music copyright protection Protection of original music by
software. Protection of the intellectual
property rights of resident musicians
and users to upload original audio
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3 Research Method

3.1 Fuzzy-DEMATEL Model

DEMATEL is a systematic analysis method that uses graph theory and matrix tools to
screen for influencing factors in complex systems [13, 14]. It has evolved into a well-
established methodological system, but its application still has limitations. It uses expert
knowledge to determine the degree of impact between the two factors, typically using the
Richter scale to get clear values, but in most cases, uncertainty in expert judgment makes
it difficult to directly express accurate numbers due to the ambiguity of the technical
terms. So, to get more accurate results, introducing fuzzy math to quantify terms goes
someway to solving the uncertainty in language terms [15–20]. In view of the advantages
of the fuzzyDEMATELmethod, this study uses thismethod to determine the importance
of influencing factors in the user experience evaluation system.

3.2 Establishment of the Model

Establishing Judgement Matrix. The influencing factors were a1, a2,…, an. Based on
the degree of influence between each of the two factors given by the experts, a judgment
matrix A is established in which the element aij indicates the degree of influence of factor
ai on factor aj. The degree of influence from weak to strong is divided into five levels:
no influence, weak influence, certain influence, strong influence and strong influence,
corresponding to 0, 1, 2, 3 and 4.

Establishing the Initial Direct Relationship Matrix. The initial direct relationmatrix
B is obtainedby triangulating fuzzynumber to dealwith judgmentmatrixA.According to
the relationship between expert semantic code and triangular fuzzy number, the element
aij in judgment matrix A is transformed into (lij, mij, uij), as shown in Table 2. lij means
the least likely value of factor ai’s effect on factor aj, mij means the most likely value of
factor ai’s effect on factor aj, and uij means the most likely value of factor ai’s effect on
factor aj.

Table 2. Relationship between expert semantic code and triangulated fuzzy numbers.

Expert semantic code Triangulated fuzzy numbers

No impact (0, 0, 0.25)

Weak impact (0, 0.25, 0.5)

Certain impact (0.25, 0.5, 0.75)

Strong impact (0.5, 0.75, 1)

Extremely influential (0.75, 1, 1)
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Constructing Direct Relation Matrix. Triangle fuzzy number obtained from expert
semantic evaluation cannot be directly used for data analysis and processing, so it is
necessary to defuzzy the triangulation fuzzy number to obtain accurate value. In this
study, the CFCS method was used to clarify matrix B, and the direct relation matrix Z
was obtained. Assuming that a total of K experts are involved in the assessment of the
degree of impact between each factor, the triangular fuzzy number corresponding to the
degree of impact of factor ai on factor aj assessed by expert P is shown below

zPij =
(
lPij ,m

P
ij , u

P
ij

)
, (P = 1, 2, . . . ,K) (1)

Specification triangle fuzzy number:

xlPij = lPij − minlPij

maxuPij − minlPij

xmP
ij = mP

ij − minmP
ij

maxuPij − minlPij
(2)

xuPij = uPij − minuPij

maxuPij − minlPij

Standardizing the left and right values of triangular blurs:

xllPij = xmP
ij

1 + xmP
ij − xlPij

(3)

xulPij = xuPij
1 + xuPij − xmP

ij

(4)

Calculate the clear value of each expert evaluation after the fuzzy value is deblurred:

zPij = minlKij + [
xllPij

(
1 − xllPij

)
+

(
xulPij

)2

1 − xllPij + xulPij
](maxuPij − minlPij ) (5)

Calculate the average and get the direct relation matrix Z:

zij = 1

K
(z1ij + z2ij + · · · + zKij ) (6)
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. . . 0

⎤
⎥⎥⎥⎦ (7)
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Establishing Normalized Direct Relation Matrix. The normalized direct relation-
ship matrix D is obtained by using the matrix Z as a molecule and the maximum sum of
rows and columns as denominator.

D′ = max
∑n

j=1 zij, (1 ≤ i ≤ n)

D′′ = max
∑n

i=1 zij, (1 ≤ j ≤ n)
D = Z

max(D′,D′′)

(8)

Establishing Total Relation Matrix. The normalized direct relation matrix is a binary
relationmatrix, which can only describe the direct influence between factors. In complex
systems, the multivariate influence occurs simultaneously, so the total relation matrix T
needs to be calculated.

T = D1 + D2 + D3 + · · · + Dn (9)

when n nears infinity,

T = D(I − D−1) (10)

I is the unit matrix

Calculating the Influence Degree and Affected Degree of Each Factor. Based
on the Total Relationship Matrix T, the influence degree Ri and affected degree Ci
were calculated. Ri being the sum of the i row n elements of matrix T and Ci being the
sum of the i row n elements of matrix T.

Ri =
∑n

j=1
tij

Ci =
∑n

i=1
tij (11)

Calculating the Centrality and Cause Degree of Each Factor. The center degree Ei
and cause degree Fi were calculated as:

Ei = Ri + Ci

Fi = Ri − Ci (12)

The larger the center degree Ei value, the more important the factor is in the system,
which is a cause factor if the cause degree Fi is > 0, and a result factor if the cause
degree Fi is < 0.

Constructing the Causal Diagram. The causal diagram is constructed by using the
center degree of each factor as horizontal coordinate and the cause degree of each factor
as vertical coordinate. From the vertical coordinates, the point greater than 0 is the cause
factor, and the point smaller than 0 is the result factor. From the horizontal coordinates,
from left to right, the influencing factor becomesmore andmore important in the system.
Identify the key elements of the system according to their degree of centrality.
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4 Results and Discussion

Ten professional music reviewers and senior Music App users were invited to rate the
impact of each factor on a scale of five (0, 1, 2, 3, 4). Matlab was used to calculate the
degree of center and cause of each factor, with the results shown in Table 3.

Table 3 .

Serial number Influencing factors 中心度 原因度

1 Stability 2.79084 0.24363

2 Fluency 2.79502 0.04963

3 System performance 2.87865 0.82849

4 Music richness 3.12715 1.33597

5 Audio quality 2.84583 −0.92001

6 Timeliness 2.77321 −1.47024

7 Functional integrity 2.78690 −0.34502

8 Functional rationality 2.77483 0.07901

9 Personalized service 3.06725 1.20635

10 Convenience 2.77672 0.51136

11 Song listening function 3.01145 −0.71602

12 Advertisement 2.76869 −0.14741

13 Usage mode 2.76685 −0.13839

14 Interface design 2.82347 0.21093

15 Interpersonal interaction 2.93732 −0.64981

16 Feedback system 2.76754 −0.37965

17 Personal information protection 2.85691 −0.42235

18 Payment protection 2.80139 −0.22156

19 Music copyright protection 2.98434 1.08732

Based on the data in Table 3, map the causal factors, as shown in Fig. 3.
From Fig. 3, 19 factors are ranked from large to small by center degree: music rich-

ness, personalized service, song listening function, music copyright protection, interper-
sonal interaction, system performance, personal information protection, audio quality,
interface design, payment protection, fluency, stability, functional integrity, convenience,
timeliness, functional rationality, advertising, feedback system, usage mode.
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Fig. 3. Cause-and-effect map of influencing factors

Of the 19 influencing factors, 9 were cause factors (cause > 0), 10 were result
factors (cause < 0), the top 5 cause factors were no. 4 (music richness), no. 9 (person-
alized services), no, 19 (music copyrighted information), no. 3 (system performance),
no. 10 (convenience); the lowest 5 were no. 6 (timeliness), no. 5 (audio quality), no. 11
(song listening function), no. 15 (interpersonal interaction), no. 17 (personal information
protection).

Centrality was the basis for determining the importance of the influencing factors,
with the top 10 influencing factors being no. 4 (music richness), no. 9 (personalized
services), no. 11 (song listening function), no. 19 (music copyright protection), no.
15 (interpersonal interaction), no. 3 (system performance), no. 17 (personal informa-
tion protection), no. 5 (audio quality), no. 14 (interface design), and no. 18 (payment
protection), suggesting that these factors were more important than others.

Based on the above findings, this paper makes three recommendations:

Increase Professionalism and Quality of Music. Music richness and audio quality
are among the most important key factors. Music platforms need to improve their pro-
fessionalism, expand their repertoire and improve audio quality, as well as do a good
job of system-optimizing App.
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Provide Personalized Services With a Focus on Interpersonal Communication.
To highlight their own design style, optimize the interface UI, focus on listening to
the design of common functions, to provide personalized services to customers. In addi-
tion, we should pay attention to the construction of the music community, which will
effectively improve user stickiness and improve user retention.

Protection of User Privacy With Emphasis On Information Security. As an online
service platform, paying attention to protecting user privacy is an important guarantee
to build user trust. As well as focusing on the performance of the system, we should
also ensure the security of users’ personal information. When analyzing user behavior,
be moderate and make sure you don’t “cross the line” to build bridges of trust between
users and platforms.

5 Conclusion

From the perspective of user experience, this paper constructs the index system of influ-
encing factors ofmobile phonemusicAPPuser experience bymeans of literature analysis
and questionnaire survey. On this basis, by introducing triangle fuzzy number and estab-
lishing fuzzy DEMATELmodel, we can effectively solve the defect of expert subjective
judgment bias in traditional DEMATEL method, which is difficult to express directly
by exact number, and extend the application range of DEMATEL model.

Based on the results of the fuzzy-DEMATELmodel, the analysis concludes with the
identification of 10 key factors affecting the mobile phone music App user experience—
music richness, personalized service, song listening function, music copyright protec-
tion, interpersonal interaction, system performance, personal information protection,
audio quality, interface design, and payment protection.

This study enriches the theory and practice of mobile music field to a certain extent,
provides a new research angle for mobile music field, and puts forward suggestions to
improve mobile music App user experience, and provides reference for mobile music
App developers.

This study was not able to analyze the actual case. In future research, we can select
QQ Music, NetEase Cloud Music, Cool Me Music, Cool Dog Music and other mobile
music APPs to analyze and compare to better improve the mobile music APP user
experience.
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Abstract. The rise of information society and the profound mediatization phe-
nomenon led to a book use decrease. On the other hand, the attempt to promote
book use and widen the capacities of the traditional book led to the application of
computational resources, one of these resources is Augmented Reality (AR).

This study is about AR published Books and their User Experience (UX).
We want to know if publishing AR books shows sufficient UX. We chose three
AR books published in Portugal and applied a quantitative empirical study to
evaluate their UX and answer this research question. Sixty users read the AR
books and then answered the User Experience Questionnaire (UEQ) used as the
research instrument of this study. We also compare the results with a benchmark.
The results show a positive evaluation in almost all the means of the scales of the
three AR books. Only in one book do we find a neutral evaluation in the scales
of Stimulation and Novelty. Regarding the benchmark, the scales Attractiveness,
Novelty and Stimulation achieved Excellent/Good category levels. On the other
hand, the pragmatic quality aspects like Perspicuity, Dependably, and Efficiency
revels a below “Good category” level, emphasizing the urgent need to improve
the UX of AR books.

Keywords: Augmented reality books · User experience · User experience
questionnaire

1 Introduction

The publishing market has been facing a sector crisis for some years now. Faced with the
emergence of more attractive forms of leisure and learning arising from technological
media coverage, the use of books decreased. This trend is particularly noticeable in
younger generations. According to the results of the project “What our children read”
[1], reading appears as the fifth leisure time activity with 26% of references. Multimedia
uses got fourth place with 64%. Trying to remedy the situation, several formats of digital
works, such as e-books, app-books, and AR books, have been created and exploited. All
these products use computational resources to promote reading for the alpha generation.

The publishing sector has also encouraged these new editorial experiences by insti-
tuting prizes for digital books, such as the Bologna Ragazzi Digital Award promoted
by the Bologna Children’s Book Fair or the UKLA Digital Book Award, among others.
Given this scenario, AR brings new possibilities to the publishing market, allowing, on
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the one hand, to maintain the traditional book format and, on the other hand, enabling
the superposition of digital interactive layers over the book. Nevertheless, is this enough
to increase book use? Do the users have a good experience using this product? The
objective of this study is precisely to understand the UX in AR books.

The UX in AR books is often neglected due to the lack of integration between the
editorial team and the AR content team (frequently contracted in an outsourcing mode).
Also, the ease of developing an application using AR technology, especially by non-
professional developers/designers, results in inadequate/low UX applications, which
affects the overall quality of the developed applications [2]. Additionally, different prac-
titioners have also pointed out that the research community lacks an understanding of
how well AR applications have been accepted by the end-users, what kind of UX they
evoke, and what the users perceive as the strengths and weaknesses of AR applications
overall [3]. Thus, it is no longer sufficient to offer products focused only on novelty or
functionality. Instead, users expect to learn how to use the system without much effort,
solve their tasks fast and efficiently, and control the system at each point. In addition to
these pragmatic, goal-oriented interaction qualities, it is also relevant that the product
catches the user’s attention and interest and that using the product is exciting. Conse-
quently, hedonic, not directly goal-oriented interaction qualities have to be considered
to create a successful product, system, or service [4, 5].

In the face of the situations described above, it is essential to ask, do publishing AR
books shows sufficient UX? This is the research question that supports this study. To
answer this question and achieve the purposed objective: a) we carried out a literature
review in the domains of AR books and UX; b) we applied a quantitative methodology.
We chose three of the sixteen AR books published in Portugal and evaluated their UX
for the empirical work. The research instrument used was the Portuguese Version of the
UEQ [6] because themain goal of theUEQ is to allow a fast and immediatemeasurement
of UX. The UEQ also considers aspects of pragmatic and hedonic quality and results
from a careful construction process [4]. To interpret scale results from the UEQ we
used the UEQ Analysis Data Tool to analyze each scale item and compare it with a
benchmark. Thus, the question of whether an AR book UX is sufficient can be answered
by comparing its results to a larger sample of other used products, a benchmark data
set. If the AR book scores high compared to the products in the benchmark, this can
indicate that users will generally find this book UX satisfactory [7]. We used a sample
of 60 users (20 for each book) to provide a stable measurement [8].

2 Literature Review

The vast majority of research in the fields of the augmented book is technological [9–13]
or educational [14–18]. The study of UX in AR focuses on systematic literature reviews.
[19–21], on mobile AR systems [22], in proposing frameworks [23] and models [24] to
improve the end-user experience, and proposals for the improvement of the theoretical
foundations [25]. The specific UX study in AR books focuses on understanding users’
feedback [26, 28] and revealing issues that can improve AR books [20, 27, 29, 31].

Regarding the technological aspect, several studies present prototypes of AR books.
One of the first studies related to the AR book is the study of Rekimoto [9], which in
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1998 focuses on developing 2D matrix markers, the superposition of virtual contents,
and their application on various products, one of which is a book. Although Rekimoto
already had the underlying idea that augmented reality could be applied to editorial
products, Billinghurst, Kato, and Poupyrev [10] present the first prototype of an AR
book – the Magic Book.

Even today, the prototyping of augmented books motivates researchers to propose
new approaches, such as creating multiple levels of interaction and the possibility of
individual or shared reading [11], integration of different types of content such as videos,
animations, sounds, and various interfaces, such as gesture-based interfaces [12] or the
exploration of other kinds of reading like the syntopical reading experience [13].

Concerning the educational nature, the vast majority of studies aim to assess the
learning impact of an AR book or AR textbook [14–17]. For example, a work [18]
about students” beliefs of AR books in teaching reinforced that motivation is a possible
advantage over traditional books.

Regarding UX studies, the presented systematic reviews focus on AR applications,
not specifically AR books. Thework of Swan andGabbard [19] represents one of the first
systematic reviews related to usability/user experience in AR applications in general.
The results indicated that three lines caught researcher’s interest:

1. Those that study low-level tasks to understand how human perception and cognition
operate in AR contexts.

2. Those that examine user task performance within specific AR applications to
understand how AR technology could impact underlying tasks.

3. Those that examine user interaction and communication between collaborating users.

Another systematic review [20] concludes that until 2014 there was an increase in the
number of usability studies performed in AR research and a shift towards more studies
on handheld displays. However, most of these studies are formal user studies, with
little field testing and almost no heuristic evaluations. The most popular experimental
task involves filling out questionnaires, which lead to subjective ratings being the most
widely used dependent measure. This study suggests increased research opportunities
in collaboration, field studies, and a more comprehensive range of evaluation methods.
The study of Law and Heinz [21] on usability and UX in AR applications concludes
that:

1. There is insufficient grounding in usability/UX.
2. Lack of innovative AR-specific usability/UX evaluation methods and the continuing

reliance on questionnaires may hamper the advances of AR educational applications.

Many studies try to understand UX with mobile AR services [22]. For example,
Olsson, Lagerstam, Ka¨rkka¨inen, and Vainio-Mattila’s [22] study concluded that UX of
mobile AR services is expected to be multifaceted and affected by various components
of the underlying technology. The participants directed a set of expectations towards
such services, ranging from proactivity, relevance, and the context sensitivity to social,
surprising, immersive, and inspiring elements. Some works [23] proposed frameworks
to enhance the UX of mobile AR, others [24] recommended a UX model that can be
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implemented to provide an engaging and seamless mobile AR experience for end-users.
Another study [25] advocated for theoretical foundations of the UX in Augmented and
Mixed Reality and proposed several directions for more scientific research in this regard.
These directions involve:

1. A revisiting generic UX theory.
2. Revisiting the theoretical foundations for AR.
3. Structuring design knowledge for the UX of content, devices, interactions, applica-

tions, and contexts of use for AR/MR.
4. Practical user studies and controlled experiments for applying UX design knowl-

edge to AR/MR and evaluating users’ experience beyond aspects of usability or
acceptability of AR/MR technology.

5. Connecting to theXRAccess initiative formakingVR,AR, andMRmore accessible.

In the specific domain of AR books and UX, the first works are limited to collecting
the user’s opinions, through interviews or observations. Only user feedback is measured
in the Grasset, Dünser, and Billinghurst study [26]. The conclusion is that people like to
discover the system and interactwith the various features. Theywere particularly amazed
by the visual effects and the animations. The Dünser and Hornecker [27] work on AR
books supporting reading and working through predefined storybooks reveals that the
choice of stories and integrated interactive sequences is essential. Navigation turned out
to be an essential issue when combining paper and on-screen elements, in particular if
these are not integrated into one visual area and deploy tangible and desktop-based input
devices. Gázcon and Castro [28] introduced the AR Book System, an interactive and
collaborative application for traditional books augmentation. To validate the proposed
system, they designed and conducted an experimental study and obtained very positive
feedback from participants confirming the usefulness of the ARBS. Cao and Hou [29]
studied AR picture books for children aged 5 to 8. They designed a usability test for
their prototype. The results indicated the feasibility of AR books and figured out some
issues in the interaction processes. These issues are the weak guidance in the interactive
operation, the incomplete essential information in the interface, and children’s prefer-
ence for visible interaction and touch operations. Children are also more sensitive to
large objects. Polyzou, Botsoglou, Zygouris, and Stamoulis [30] presented an empirical
study of AR-published books for preschool children. The conclusion indicated that AR
books are not intuitive for preschool children. These children’s motor skills are not yet
ready to use the fine touch screen movements needed to handle an AR object, and AR
books turned out to be a fun and exciting way to capture preschool children’s attention.
Children perceived AR books as an excellent way to have fun. Even though the AR book
appeared to have a better chance of keeping children’s attention for longer, this was not
practicable due to the highly delicate screen manipulation limitations imposed. Another
study [31] reported a user test with 136 children examining the impact of content length
and presentation in a digitally-augmented comic book. The results reveal that authors
and designers need to balance physical and digital mediums while designing digital
augmentation for comic books. In order to achieve the holistic experience and equal
engagement with both mediums, the experience needs to be carefully designed by:
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1. Avoiding or reducing duplication, especially when duplication means the reader gets
no real benefit from engaging with both mediums.

2. Integrating augmented content only if it has high relevance to a particular frame in
the comic book.

3. Using appropriate frequency and length of the augmented content to maintain the
interest in both digital and physical medium.

4. Selecting the technology carefully as it still presents an interaction barrier (e.g., the
access method).

Our brief literature review shows that the first studies related to AR books and UX
focused on hedonic qualities and captured the users’ feedback. This feedback is usually
positive where the motivation and the capacity of the AR book to capture attention
are highlighted. More recent studies focused mostly on pragmatic qualities and some
guidelines to improve AR books result from the findings. Still, there is a need for studies
that join hedonic and pragmatic qualities.

3 Materials and Methods

3.1 Quantitative Experimental Design

The objective of our study is to research whether three AR-published books have enough
UX.Therefore, the research question driving this study is:RQ.DopublishARbooks have
sufficient UX? Furthermore, have a positive evaluation on Attractiveness, Perspicuity,
Efficiency, Dependability, Stimulation, and Novelty? Moreover, fit in the category of
good compared to the benchmark values?

We elaborated an experiment with three groups of users that read and tested the three
selected books to answer the research question. The three groups responded to the UEQ.

3.2 Procedure

We assigned each one of the three books to a group of users. Then, between 8 to 11
November 2021, we ask users to go to a university laboratory where they read and
experiment with the AR book assigned to them and, after the experience, respond to the
onlineUEQquestionnaire. TheUEQwas accessed easilywith a link placed inUniversity
Beira Interior Moodle, and Google forms support it.

3.3 Participants

Werecruited sixty participants (N=60) voluntarily. The participantswere undergraduate
students of the 1stCycleDegree inMultimediaDesign,ArtDepartment,UniversityBeira
Interior, Portugal. The 60 participants were randomly assigned to a group of 20 users.
According to the UEQ handbook, there should be at least 20–30 respondents to get
reliable results [8].
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3.4 Data Collection

Data were collected through the Portuguese version of the UEQ questionnaire [6]. The
UEQ enables the analysis of the entire UX beyond mere usability. The questionnaire
considers the respondents’ feelings, impressions, and attitudes and creates a format that
supports the direct expression of these elements. The scales collect usability aspects
(Efficiency, Perspicuity, and Dependability) and UX aspects (Stimulation, Novelty) and
thus offer a comprehensive impression of the UX of product/system touchpoints [7]. The
UEQ consists of 26 items distributed among six scales. The scales are the following:
Attractiveness, Perspicuity, Efficiency, Dependability, Stimulation, and Novelty. The
UEQ uses a 7-point Likert-type scale. The UEQ’s items form a semantic differential;
two contradictory terms represent every item. Terms are randomly ordered per item; half
of the scale items begin with the positive term, and the other half begin with the negative
one. UEQ uses a seven-stage scale to decrease the central tendency bias for the types of
items. The items are scaled from −3 to +3. Accordingly, −3 denotes the most negative
answer, 0 a neutral answer, and +3 the most positive answer [7]. The reliability and
validity of the UEQ was investigated in several studies [4, 8].

3.5 Materials

1) Independent variables
The independent variables of this study were the three AR-published books. The
chosen books are “Star Wars Galaxy Explorer Guide” (see Fig. 1) from Leya/D.
Quixote, published in 2019. “Frozen II the Ice Kingdom: An Enchanted Adventure”
(see Fig. 2) from Leya/D. Quixote, published in 2019 and “Toy Story 4 Woody the
Adventure of Augmented Reality” (see Fig. 3) from Leya/D. Quixote, published in
2019.

Fig. 1. Star Wars Galaxy Explorer Guide, AR book.

The book Star Wars Galaxy Explorer Guide has a hybrid interface. The digital con-
tents are 3D and 2D animations, sounds, videos, and text. The access mode is through
an app, and the book is classified as juvenile literature.

Frozen II the Ice Kingdom: An Enchanted Adventure is a juvenile literature book
with a hybrid interface. The digital contents are 3D animations and sounds, and an app
accesses these contents.
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Fig. 2. Frozen II the Ice Kingdom: an enchanted adventure, AR book.

Fig. 3. Toy story 4 woody the adventure of augmented reality, AR book.

Toy Story 4, Woody, the Adventure of Augmented Reality has a hybrid interface.
The digital contents are 3D animations and sounds. The access mode is through an app
and is classified as children’s fiction book.

2) Dependent variables
The dependent variables used in this study were the six scales that consist of the
UEQ:

a) Attractiveness reflects the overall impression of the product and shows whether
users like the product.

b) Efficiency shows whether users can solve their tasks without unnecessary effort.
c) Perspicuity indicates whether it is easy to become familiar with the product or

learn how to use it.
d) Dependability shows whether users can feel control over the interaction.
e) Stimulation shows whether it is exciting and motivating to use the product.
f) Novelty indicates whether the product is innovative and creative and whether

the product catches the user’s interest.

Attractiveness is a pure liability dimension. Efficiency, Perspicuity, and Depend-
ability are aspects of pragmatic quality, while Stimulation and Novelty are aspects of
hedonic quality [4].
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3.6 Data Analysis

Thequantitative data are obtained fromaUEQ.Thedatawas thenprocessed to investigate
the UX level of the chosen AR Books. The system’s UX is measured in six scales:
Attractiveness, Perspicuity, Efficiency, Dependability, Stimulation, and Novelty. First,
we Calculate the level of UX for each scale by processing statistical data using UEQ
Analysis Data Tool. Values for the single items between−0.8 and 0.8 represent a neutral
evaluation of the corresponding scale, values > 0,8 represent a positive evaluation,
and values <−0,8 represent a negative evaluation (see Table 1). After obtaining the
score for each scale, the data is analyzed using a benchmark graph to know the quality
of AR Books compared with other products contained in the data set UEQ Analysis
Data Tool. The data set contains 21175 persons from 468 studies concerning different
products (business software, web pages, webshops, social networks). Next, we consider
the benchmark intervals (see Table 2) for the UEQ presented in Schrepp, Hinderks and
Thomaschewski [7]. The feedback is limited to five categories:

• Excellent: The evaluated product is among the best 10% of results.
• Good: 10% of the results in the benchmark are better than the evaluated product, 75%
of the results are worse than the evaluated product.

• Above Average: 25% of the results in the benchmark are better than the evaluated
product 50% of the results are worse.

• Below Average: 50% of the results in the benchmark are better than the evaluated
product 25% of the results are worse.

• Bad: The evaluated product is among the worst 25% of results.

To test the viability of the questionnaire scales, we also used Cronbach’s Alpha. A
Cronbach’s Alpha between 1–0.90 indicates an excellent internal consistency, between
0.70–0.90 a good internal consistency, between 0.60–0.70 an acceptable consistency,
between 0.50–0.60 a poor consistency, and less than 0.50 an unacceptable consistency.

Table 1. Interpretations of the UEQ scales means

Positive evaluation >0,8

Neutral evaluation −0.8 and 0.8

Negative evaluation <–0,8

Table 2. Benchmark intervals for the UEQ scales (Schrepp, Hinderks & Thomaschewski; 2017b)

Attractiveness Efficiency Prespicuity Dependability Stimulation Novelty

Excellent ≥1.75 ≥1.78 ≥1.9 ≥1.65 ≥1.55 ≥1.4

Good ≥1.52
<1.75

≥1.47
<1.78

≥1.56
<1.9

≥1.48
<1.65

≥1.31
<1.55

≥1.05
<1.4

(continued)
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Table 2. (continued)

Attractiveness Efficiency Prespicuity Dependability Stimulation Novelty

Above
average

≥1.17
<1.52

≥0.98
<1.47

≥1.08
<1.56

≥1.14
<1.48

≥0.99
<1.31

≥0.71
<1.05

Below
average

≥0.7
<1.17

≥0.54
<0.98

≥0.64
<1.08

≥0.78
<1.14

≥0.5
<0.99

≥0.3
<0.71

Bad <0.7 <0.54 <0.64 <0.78 <0.5 <0.3

4 Results

Considering the completion of the UEQ carried out by 60 participants, we can see that
the average age of our sample is 21 years old, with 22 (36.7%) male respondents and 38
(63.3%) female respondents.

4.1 The Star Wars Galaxy Explorer Guide, AR Book

The reliability analysis of the scales Attractiveness (α = .96), Perspicuity (α = .93),
Efficiency (α = .93) Stimulation (α = .97) indicated an excellent internal consistency,
the analysis of the scales Novelty (α = .88) and Dependability (α = .74) indicated a good
internal consistency. The experience with The Star Wars Galaxy Explorer Guide book
produced two types of results. First, we can observe the value of each UEQ item (see
Fig. 4),where the average reveals a positive evaluation of theUX for each scale. The value
of the Attractiveness scale is 1,865; Perspicuity 1,393; Efficiency 1.238; Dependability
1,012; Stimulation 1,536; and Novelty 1,667.
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1,865          1,393       1,238       1,012        1,536        1,667 

Fig. 4. Average UEQ scale values of the Star Wars Galaxy Explorer Guide, AR Book.
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We obtained the other results about the UEQ benchmark (see Fig. 5). We analyze the
UX of the AR book Star Wars Galaxy Explorer Guide compared to other products. The
diagram shows that the scale value of Attractiveness and Novelty are in the Excellent
category. This AR book corresponds to the 10% best results in these scales. The scale
Stimulation is in the Good category, in the 25% best results. The scale Perspicuity and
Efficiency is in the Above Average category, which means that 25% of the benchmark
products are better than this AR book. Finally, the scale Dependability is Below the
Average, which means that 50% of the benchmark products are better than this AR
book.
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-0,50

0,00

0,50

1,00

1,50

2,00

2,50

Attractiveness Perspicuity Efficiency Dependability Stimulation Novelty

Excellent

Good

Above Average

Below Average

Bad

Mean

Fig. 5. UEQ benchmark diagram on the Star Wars Galaxy Explorer Guide, AR book

4.2 Frozen II the Ice Kingdom: An Enchanted Adventure, AR Book

The reliability analysis of the scales Attractiveness (α = .91), Perspicuity (α = .90),
Stimulation (α = .94) and Novelty (α = .91), indicated an excellent internal consistency,
the analysis of the scales Efficiency (α = .89) and Dependability (α = .71), indicated a

-3

-2

-1

0

1

2

3

1,262              1,125               1,025              1,125               0,700             0,738 

Fig. 6. Average UEQ scale values of the Frozen II the Ice Kingdom: an enchanted adventure, AR
book.
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good internal consistency. With the AR book Frozen II experience, we can observe the
value of each UEQ item (see Fig. 6). The analysis of the average reveals a positive eval-
uation of the UX for the scales of Attractiveness (1,262), Perspicuity (1,125), Efficiency
(1.025), and Dependability (1,125). It also reveals a neutral evaluation for the scales of
Stimulation (0,700) and Novelty (0,738).

The results of the UEQ benchmark (see Fig. 7) for this AR book show that the scale
value of Attractiveness and Novelty are in the Above Average category, which means
that 25% of the benchmark products are better than this AR book. On the other hand,
the scale Perspicuity, Efficiency, Dependability and Stimulation are in the Below.

Average category, which means that 50% of the benchmark products are better than
this.
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Fig. 7. UEQ benchmark diagram on the Frozen II the Ice Kingdom: an enchanted adventure, AR
book.

4.3 Toy Story 4 Woody the Adventure of Augmented Reality, AR Book

The reliability analysis of the scales Attractiveness (α = .95) and Stimulation (α = .94)
indicated an excellent internal consistency, the analysis of the scales Perspicuity (α =
.86), Efficiency (α= .79),Dependability (α= .76) andNovelty (α= .87) indicated a good
internal consistency.The experiencewith theARbookToyStory 4Woody, theAdventure
of Augmented Reality, also produced two types of results. First, we can observe the value
of each UEQ item (see Fig. 8), where the average reveals a positive evaluation of the
UX for each scale. The value of the Attractiveness scale is 2,000; Perspicuity 1,475;
Efficiency 1.475; Dependability 1,325; Stimulation 1,613; and Novelty 1,438.

We obtained the other results about the UEQ benchmark (see Fig. 9). The diagram
shows that the scale value of Attractiveness is in the excellent category. This AR book
corresponds to the range of 10% best results in this scale. The scale Stimulation andNov-
elty are in the Good category, meaning this book is in the 25% best results compared
to the other benchmark products. Finally, the scale Perspicuity, Efficiency, and Depend-
ability are in the Above Average category, which means that 25% of the benchmark
products are better than this AR book in these scales.
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2,000 1,475 1,475 1,325 1,613 1,438

Fig. 8. Average UEQ scale values of the Toy Story 4 woody the adventure of augmented reality,
AR book
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Fig. 9. UEQ benchmark diagram on the Toy Story 4 woody the adventure of augmented reality,
AR book.

5 Discussion

The hypothesis: do AR published books show sufficient UX by having a positive evalu-
ation in the scales of Attractiveness, Perspicuity, Efficiency, Dependability, Stimulation,
and Novelty and fit in the Good/Excellent category in the benchmark analysis guided
this fieldwork study. However, the fieldwork produced empirical evidence that does not
entirely support this hypothesis. The same publisher publishes the three AR books in
the same year. They have the same interface, and an app makes access to the contents.
The essential differences are the themes of the books. Also, the book Star Wars Galaxy
Explorer Guide has more content (text and 2D Animations). The book’s classification
also represents a difference. Toy Story 4, Woody the Adventure of Augmented Reality,
is a children’s fiction book, and the other two are juvenile literature.

Through the UEQ, the AR book Star Wars Galaxy Explorer Guide, and the AR
book Toy Story 4, Woody the Adventure of Augmented Reality evaluated all the scales
positively. The scale with the higher mean in the three books is Attractiveness, which
means users liked the product.On the other hand,ARbookFrozen II the IceKingdom:An
Enchanted Adventure obtained a positive evaluation only in Attractiveness, Perspicuity,
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Efficiency, Dependability, and a neutral evaluation in the scales of Stimulation and
Novelty. These results show that the Frozen II AR book is a little exciting andmotivating
product, and that the product is less innovative and creative and catches less of the user’s
interest.

The benchmark analysis reveals curious results. In the Star Wars Galaxy Explorer
Guide AR book, Attractiveness and Novelty are in the Excellent category. This result
means that this book is in the range of 10% best results in the benchmark, meaning
users like it and think it is more innovative and creative than 90% of the products. In
the Good category is the Stimulation scale. Meaning this book is in the best 25% of the
products in terms of the excitement and motivation it is to use it. Above Average are the
Perspicuity and Efficiency scales, which means 25% of the products in the benchmark
perform better in solving tasks without unnecessary effort and learning to work with the
product efficiently. The scale Dependability is in the Below Average category. It is to
say that 50% of the products in the benchmark are better in making users feel control
over the interaction.

In Frozen II the Ice Kingdom: An Enchanted Adventure AR Book, 25% of the prod-
ucts in the benchmark perform better in the Attractiveness andNovelty scales. These two
scales are in the Above Average category. However, users’ response after experimenting
with this book indicates that 50% of the products in the benchmark perform even better
in the scales of Perspicuity, Efficiency, Dependability, and Stimulation. These scales are
in the Below Average category.

In Toy Story 4 Woody the Adventure of Augmented Reality, Attractiveness is in the
Excellent category. The scales Novelty and Stimulation are in the Good category. The
Perspicuity, Efficiency, and Dependability scales are in the Above-average category.

Has said by Schrepp, Hinderks, & Thomaschewski [7, p43] “the general UX expec-
tations have grown over time. Since the benchmark also contains data from established
products, a new product should reach at least the Good category on all scales”.

As we showed before, the three AR books do not reach the Good category in all
the scales compared to the benchmark. The scales that in all the books are in the cat-
egories below the Good category are Perspicuity, Efficiency, and Dependability (the
goal-oriented categories also named pragmatic quality aspects). It is to say that, despite
our groups of users thought AR books are exciting, motivating to use, innovative, cre-
ative, could catch user’s interest, and liked the overall product, our users also thought AR
books could be improved. This improvement concerns solving tasks without unneces-
sary effort, making learning how to use the product more accessible, becoming familiar
with it, and making users feel control over the interaction.

This study contributes towards the emergent body of quantitative studies whose aim
is to evaluate the UX/usability of AR books [27, 29, 31] the UX of AR systems [22–24,
32] with both hedonic and pragmatic qualities [33] and comparing it with other products
[30, 32]. This study can assess that our users liked the presented AR books, considered
them an innovative product, and felt motivated to use them. In this concern, the results
we obtained from our study are consistent with the results of other studies [18, 26, 28].
However, we cannot just depend on the hedonic qualities of AR books. As users feel
more familiar with this type of product, these qualities tend to have less impact on users’
opinions. Also, hedonic qualities are not sufficient to make a good UX of a product,
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meaning that users will use it for the first time because they think it is exciting to use it
but will not use it continuously if the pragmatic qualities of the product are not ensured.
In this sense, it is necessary to improve pragmatic aspects to achieve a better UX. The
resulting guidelines of other studies [27, 29–31] and the results we obtained in this
experience prove that AR books need improvements.

Future studies should also include long-term UX evaluations of AR books. Also, it
would be interesting to create from scratch the measuring instruments specifically for
AR products bringing novelty and usefulness for the Human-computer interaction study
area. As in any study, there were limitations to the present study. We recognize we use a
UEQ for this evaluation on AR books. This study could be completed by an ergonomic
inspection or a usability test. Despite our users reading the AR books as we observed,
we did not use that information in this study.

6 Conclusion

This research is the first study to evaluate the UX of AR published books that includes
pragmatic and hedonic qualities to the best of our knowledge. Thus, this study is a first
step towards improving AR published books through a holistic UX approach. Although
books obtained positive evaluation from users in almost all the scales, the comparison
with the benchmark showed that the pragmatic qualities need improvement. The ana-
lyzed books failed to meet the UX goals requirements, in what respects to Efficiency,
Perspicuity, and Dependability.

As we know, AR can widen the capacities of the traditional book, and it offers
the opportunity to create new layers of information, including visual contents. If, in the
beginning,ARwas treatedmore like a gimmick than an essential part of the book, today’s
readers expect more integration and equilibrium between real and virtual contents and a
better UX. So, we cannot rely anymore only upon the freshness aspect of this product.
Our findings indicate that users liked the overall product, though it was innovative and
creative, caught users’ interest, and thought it was exciting and motivating to use it.
However, the obtained results indicate that not all UX dimensions have a good enough
level. The pragmatic dimensions need improvement so AR books can be used as an
editorial product capable of facing the demands and expectations of the new generations.
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Abstract. Heuristic Evaluation is an inspection method widely used to
evaluate the usability of interactive systems. Some studies investigated
collaboration to reduce the boredom and frustration evaluators tend to
have in this evaluation process. One such proposal is G4NHE (Game
for aNy Heuristic Evaluation), a generic gamification technique that can
be instantiated to any usability heuristics set. This paper presents the
G4NHE evaluation through two exploratory studies. The first one aims to
evaluate the specialization guide, while the second one aims to evaluate
the new rules’ acceptance. From the participants’ perception, G4NHE
allows a rich and effective discussion about the problems found in a
Heuristic Evaluation, increasing the evaluators’ motivation. However, it
was also apparent the difficulty in understanding and performing the spe-
cialization guide activities and the lack of information in the new rules,
which caused doubts during the gamification rounds. Finally, we consid-
ered the improvement suggestions obtained in the studies to generate a
refined version of the G4NHE and its specialization guide.

Keywords: Heuristic evaluation · Usability heuristics · Gamification ·
Card game · G4NHE

1 Introduction

Heuristic Evaluation [15], proposed by Nielsen and Molich in the 1990s, is a
widely used inspection method to identify usability issues in user interfaces. In
this method, Human-Computer Interaction (HCI) evaluators perform individual
inspection tasks at the interface through a set of general usability principles (the
usability heuristics, e.g., Nielsen’s heuristics [11]) and assign a severity grade to
each issue found [12,13] in order to prioritize fixing efforts. This process also
includes a consolidation step [19], in which evaluators perform tasks collectively
- they meet to discuss the usability issues found individually to reach a consensus
on the heuristics violated by each issue and their severity grade.
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However, previous research reports several challenges on the Heuristic Eval-
uation (cf. [5]). For instance, this evaluation process tends to be boring and
frustrating for the evaluators, which can affect the final evaluation quality [16].
In this context, some initiatives have been proposed to promote collaboration
among evaluators and support the evaluation process, such as Game for Heuris-
tic Evaluation (G4H) [8], a gamification technique presented as a card game
to improve motivation and engagement of different evaluators during Heuristic
Evaluation-based consolidation tasks.

The authors of the G4H’s original version [8] developed the technique con-
sidering only Nielsen’s usability heuristics [11], not allowing its application with
other sets of heuristics (cf. [1,6]). Thus, G4H evolved into a custom, generic
gamification technique named Game for aNy Heuristic Evaluation (G4NHE)
[22]. G4NHE has generic heuristic cards with templates to allow adaptation to
different sets of usability heuristics. Also, G4NHE presents two activity cycle
rules and a specialization guide to support its instantiation.

Although G4NHE was developed based on evidence from the literature [22],
there is a lack of empirical evidence regarding its use by HCI evaluators, the
target audience of this technique, in order to contribute to its validation. There-
fore, in this paper, we aim to empirically investigate the use of G4NHE from the
perceptions of HCI evaluators in an academic setting.

Our investigation was divided into two exploratory studies. The first one was
conducted to investigate the use of the G4NHE specialization guide, while the
second one was conducted to investigate the acceptance of the new activity cycle
rules, to be chosen when the severity classification step will not be applied. In
the first study, we conducted two rounds intertwining qualitative data collection
and analysis with improvements to the G4NHE specialization guide. The second
study involved novice HCI evaluators who used the new activity cycle rules in
four gamification rounds, one demonstration and three effective rounds.

In both studies we conducted observations of use [19] while the participants
applied the technique. At the end of each observation, we collected qualitative
data through individual semi-structured interviews [4] in the first study and focus
group [10] in the second one, in order to obtain the participants’ perceptions,
including strengths, weaknesses, difficulties, and improvement suggestions. We
analyzed the qualitative data applying Discourse Analysis procedures [7].

The findings from both studies indicated that participants perceived benefits
through G4NHE, such as related to motivation and better discussion of usability
issues found in a Heuristic Evaluation. However, in the first study, participants
had difficulties in understanding and performing the activities of heuristic cards
development and activity cycle selection from the G4NHE specialization guide,
while the participants in the second study revealed that the new rules were not
entirely clear. From the empirical evidence obtained in the studies, we performed
refinements in the technique and presented the G4NHE second edition.
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2 Related Work

Gamification is “the use of game design elements in non-game contexts” [2].
In the HCI field, gamification is applied for enhancing the engagement in user
experience [23]. Our research explored gamification through a different lens: to
improve evaluator experience when applying HCI evaluation methods instead of
addressing user experience.

Also, we highlight related works that present games about HCI evalua-
tion methods and concepts. UsabiliCity [3] and UsabilityGame [20] are Web
games that can be used to support the teaching of Heuristic Evaluation. Still,
UsabiliCity focuses on Nielsen’s usability heuristics [11] and UsabilityGame also
includes requirements analysis and prototyping, other activities based on May-
hew’s Usability Engineering Life Cycle [9]. MACteaching [17] is an Android
game developed to support the teaching of Communicability Evaluation Method
(Método de Avaliação de Comunicabilidade - MAC, in Portuguese), a Semiotic
Engineering method for evaluating software communicability [21].

G4NHE also was proposed for Heuristic Evaluation, similar to UsabiliCity
and UsabilityGame but different from MACteaching. However, this gamification
technique was developed as a card game rather than a digital game. Their main
goal is improving the conduction of Heuristic Evaluation, focusing on consoli-
dation tasks instead of teaching this method. G4NHE itself is not new, but we
present its application by HCI evaluators in this paper. The main novelty of this
paper is our findings that contribute towards G4NHE’s validation.

3 Game for aNy Heuristic Evaluation (G4NHE)

Game for Heuristic Evaluation (G4H) [8] is a card-based gamification technique
whose main goal is to engage and motivate evaluators in the execution of the
Heuristic Evaluation, specifically in consolidating the results. Game for aNy
Heuristic Evaluation (G4NHE) is a generic gamification technique developed to
apply G4H gamification with any set of usability heuristics. G4NHE provides
generic items and a specialization guide, allowing its users to specialize this
generic gamification for any set of usability heuristics. G4NHE is limited to
usability heuristics, so there may be limitations to applying it with established
heuristics for other attributes, such as playability and accessibility [22].

G4NHE was developed using a structured literature survey, which identified
common and different characteristics related to the specification of different sets
of usability heuristics [22]. For instance, heuristics are commonly specified with
ID, name, and definition; however, some sets classify heuristics in categories. It
was also observed that, usually, the traditional method of Heuristic Evaluation
[15] is applied to validate the proposed heuristics. However, some authors modify
this method to exclude the severity classification step of the problems found.

In this way, G4NHE provides generic templates for the cards representing
the heuristics, offering an option that only presents the heuristic ID, name, and
definition, and another option that includes the heuristic category. Also, this
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model presents an adaptation of the original G4H rules [8] to allow apply the
gamification in cases where the severity classification of the violations does not
occur [22]. Finally, a specialization guide was also provided, whose goal is to
guide the G4NHE user in creating gamification from G4NHE considering any
set of usability heuristics. G4NHE guide has three activities [22]:

1. Develop the heuristic cards: the user should create a heuristic card for each
usability heuristics proposed by the chosen set of heuristics. To do so, it can
follow one of the generic heuristic card templates provided by G4NHE;

2. Develop the heuristics guide: the user should write a simple document with
the brief or complete specification of the heuristics chosen to create the gami-
fication from G4NHE. This guide is important so that players can remember,
if necessary, the heuristics’ definition during the gamification rounds;

3. Activity cycle selection: finally, the user needs to select which activity cycle
(or set of rules) will be used in the gamification. If the heuristics use the
traditional Heuristic Evaluation [15], he/she should choose the original G4H
rules [8]. However, if the heuristics used in G4NHE does not use severity
classification, he/she should choose the G4NHE rules adapted for that.

Details about the G4NHE generic items and its specialization guide can be
found in its initial proposal [22].

4 G4NHE Evaluation

This section presents two exploratory studies to evaluate the G4NHE proposal
and its specialization guide. To provide a base for comparison, the researcher
also performed an specialization that serves as a baseline. Both researcher and
participants performed their tasks using the activities established in the G4NHE
specialization guide as defined in [22] and using the Ubiquitous Heuristics [18]
(also called HUbis). This set of 15 usability heuristics faces the challenge of
evaluating the quality-in-use of ubiquitous systems, which have specific char-
acteristics compared to traditional systems (e.g., desktop and web), such as
context-awareness, transparency, attention, calm, and mobility. Each heuristic
was specified with ID, name, definition, and quality characteristics [18].

To evaluate the gamification, observation tests were performed [19] in a labo-
ratory environment, with potential users of the G4NHE, which may be students,
researchers, and HCI practitioners. This exploratory evaluation was divided into
two studies. The first one is related to the G4NHE specialization guide. The sec-
ond one is regarding the new rules adopted by G4NHE, used when the heuristic
set does not use severity classification. The results referring to each validation
step are presented in the next sections.

5 Evaluating the G4NHE Specialization Guide

The objective of the first study is to evaluate the G4NHE specialization guide to
verify if it contains enough information to guide an specialization of the G4NHE
from any set of usability heuristics.
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5.1 Participants’ Profile

Students and HCI experts participated in this study. Participants would need
to know the Heuristic Evaluation method to understand the terms and concepts
covered in the study. This information can be verified from the participants’
responses to the applied profile questionnaire. Participants P1 and P4 are experts
in HCI, while participants P2 and P3 are students in the field. Both P2 and P3
participants took the HCI and HCI Evaluation courses. Participant P1 had been
a monitor for HCI course during her master’s course, and participant P4 had
already taught courses related to HCI in undergraduate courses. Considering a
scale from 0 to 10 to assess the participant’s level of experience with the Heuris-
tic Evaluation, the experts said they knew a lot about the method, selecting high
values (P1 - 9 and P4 - 8). Both student participants (P2 and P3) rated their
experience with grade 7. The scale from 0 to 10 was also used to assess partici-
pants’ level of experience with gamification. Participant P1 assigned a grade of 7
for her experience. However, it is interesting to note that she had declared that
the current study would be her first contact with gamification. Participant P4
evaluated her experience as 1, considering that she knew little or nothing about
gamification. Student participants rated their experience with similar grades (P2
- 7 and P3 - 8).

Finally, it is important to consider in this analysis the fact that most partic-
ipants (P2, P3, and P4) already knew and participated in G4H rounds, which
is the main basis of the G4NHE proposal evaluated in this study. This can indi-
cate that it was easier for these participants to perform the study tasks than
participant P1, who had no previous experience with the G4H.

5.2 Procedure

Individual tests were applied to observe the use of the G4NHE specialization
guide by its potential users. Participants were asked to use the specialization
guide to generate a G4NHE instance from Ubiquitous Heuristics. The tasks
requested from each participant, following the format (ID: Task), are the same
three activities in the G4NHE specialization guide – T1: Develop the heuristics
cards; T2: Develop the heuristics guide; T3: Select the activity cycle (the rules
of the gamification).

The following script guided the conduction of each individual test. Initially,
the researcher proposing this work read the consent form with the participant.
Then, the participant was asked to answer a profile questionnaire about their
experience with the Heuristic Evaluation method and the gamification technique.
All were made available to participants through an electronic form created with
Google Forms. After that, the researcher explained the Heuristic Evaluation
method when necessary. Then the test scenario was presented, which consisted of
using the specialization guide from the Ubiquitous Heuristics. Soon, the G4NHE
specialization guide was delivered to the participant. In addition, the participant
also received the two activity cycles to select one of them; the Microsoft Pow-
erPoint file where the heuristics cards were created; the complete specification
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of the Ubiquitous Heuristics set; and finally, a file that describes how to report
the issues found using the Ubiquitous Heuristics, where the participant could
verify whether the severity classification should be performed or not to help to
decide which activity cycle to use. The complete Ubiquitous Heuristics specifi-
cation and the problem report file were extracted directly from Rocha et al. [18]
so participants used the source of this set of heuristics, avoiding bias.

The test was performed after the items were delivered to the participant.
During tests, the activities were audio-recorded with the permission of the par-
ticipant. Finally, a semi-structured post-test interview was carried out to collect
the opinion of each participant about the G4NHE proposal, the use of its spe-
cialization guide, including positive points and improvement suggestions.

5.3 Initial Test

The initial test was applied with the participation of expert P1. First, the
researcher proposing this work presented the proposal and the terms of the
G4NHE to the participant so that she did not need to read this introductory
content, starting her reading from the explanation of the activities in the spe-
cialization guide. However, the goal is that users can perform the activities of
the specialization guide alone, not needing someone to explain the terms of the
proposal.

Task T1 - Develop the Heuristics Cards. In task T1, the participant created
three (3) heuristics cards. She didn’t need to create cards for all 15 heuristics
proposed in the Ubiquitous Heuristics set since the objective of this activity
is for the participant to have experience in creating the cards so that she can
give her opinion on this and that difficulties are revealed. The participant did
not notice the space destined for the heuristic ID in the heuristics cards, as she
inserted this information next to the heuristic name, separating the two pieces
of information with a hyphen (Fig. 1).

Upon completing the test, the participant was asked if she had noticed the
heuristic ID space on the heuristics cards. She claimed not to have identified this
space and pointed out that the ID of a heuristic will not always be just a number
to fit in the small area of a circle, as is the case with Ubiquitous Heuristics. So
she suggested that this circle could have the same letter “H” that identifies the
heuristic card, and the ID could be inserted next to the name of the heuristic,
as she had done.

The participant had understood that the category present in the heuristics
cards would refer to a usability problem to be evaluated in the gamification, as
shown in her speech: “If it is uncategorized, what will they play? Will the prob-
lem be fixed or not?”. However, the category refers to heuristics. For instance,
a set of heuristics could be categorized into usability heuristics, accessibility
heuristics, or for children heuristics. The participant felt worried about the act
of summarizing the definition of the heuristic, as shown in her speech: “This
worries me. Summarize, got it? Based on what, right? I do not know. I think not



G4NHE Second Edition 375

Name

Defini on

ID

ID
Name

Defini on

Fig. 1. Cards created by the researcher and participant P1.

to summarize, but put the text as it is there, and about three dots at the end
in parentheses, understand? To know that there is a sequel”. This was because
she understood that summarizing would have the meaning of rewriting, and this
could affect the validity of the heuristic. Then, it was explained to the partic-
ipant that she could delete some lines of the definition without rewriting the
text. She understood and continued recommending the three dots to represent
a continuation and that the player could consult the rest of the definition in
the heuristics guide. The objective is that the player can consult the complete
specification in the heuristics guide; however, using three dots makes the card
meaningless. The ideal would be to delete the text that did not fit in the letter,
ending its content with a complete sentence.

Task T2 - Develop the Heuristics Guide. During task T2, the participant
prepared the heuristics guide for Ubiquitous Heuristics. She entered the specifica-
tion of all 15 heuristics specified in this set and not just the heuristics (Ubiquitous
Heuristics 1, 2 and 3) for which she had created the heuristics cards in task T1.
The participant did not think it necessary to include the quality characteristics
present in the Ubiquitous Heuristics in the heuristics guide. She participated in
creating these heuristics and informed that the quality characteristics were used
only as part of the methodology to establish the Ubiquitous Heuristics. Thus,
these characteristics are not considered by the evaluators during the Heuristic
Evaluation using Ubiquitous Heuristics.

Task T3 - Activity Cycle Selection. In task T3, participant P1 selected the
appropriate activity cycle, which contains the rules initially proposed by G4H,
since the execution of the Heuristic Evaluation using Ubiquitous Heuristics [18]
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considers the stage of severity classification. However, this task was the one
that the participant had the most difficulty understanding and executing. In
the specialization guide, the rule sets are called the activity cycle (“standard
activity cycle”, and “adapted activity cycle”), which confused the participant,
as this term may be technical for her. For simplicity, they can simply be called
rules or rule sets. She felt the need to read through the rule sets to decide which
one would be most appropriate for her instance of G4NHE, whereas she could
have just followed the instruction provided in the description of this activity.
That is because she already knew that Ubiquitous Heuristics apply the severity
classification, so she could have just selected the “standard activity cycle”, which
contains the G4H rules. This fact may also have occurred because the participant
did not know G4H, so she may have been interested in consulting the rules to
find out how gamification is applied in practice. This difficulty indicates that the
instruction needs to be made more explicit in the guide.

The participant recommended the inclusion of instruction to inform the user
that he should only consult the rules when playing the gamification, and even
that the existing instruction could indicate to the user that he should use a set
of rules and not choose, as is currently written in the guide because it might
lead the user to want to compare the two sets to decide which one is better.
However, the appropriate word is “choose”, as the user needs to choose between
the two existing sets of rules. To do so, he must follow the guide’s instruction
that guides this choice rather than comparing the two sets of rules. Also, the
word “use” can mean that the user needs to use the chosen ruleset when the
gamification is being created, but this should only happen when he decides to
play the gamification.

The participant suggested mentioning, in the guide prepared for the test,
the name of the file that contains the activity cycles to be selected. This is
because the description of this activity in the guide presents only the following
instruction: “The two existing cycles can be consulted in the files made available
to you”, not indicating the name of the file, which made understanding difficult.
The participant was also confused because the renegotiation card is only used in
the “adapted activity cycle”, which contains the rules adapted by the G4NHE
to allow the application of gamification when the severity classification is not
performed. Thus, the participant suggested that this card could be used in both
activity cycles.

Post-Test Interview. Regarding the G4NHE, participant P1 showed a lot of
interest: “I really liked the idea. It is a nice idea. Congratulations, congratulations
on the idea. And... I think there are, in general, these little things just to adjust”.
The participant’s adjustments are the recommendations given by her during the
test. She considered the specialization guide to be simple: “The guide itself is
simple. What does it really need? There are only three simple things you need:
create the heuristics cards, because the severity ones already exist, the others
already exist, make it clear that they already exist, and the guy [G4NHE user]
won’t need to work with it; [...] this guide that he will be able to put there on
the side to be able to deliver to each player; and the choice of cycle”.
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Regarding the potential for using the G4NHE, participant P1 stated: “I think
the potential is good. It’s simple, it’s a game, it’s competitive. So, it’s not a
boring business, as you... oh, what a pain! I’ll have to consolidate the heuristics
and the severities now. No, let’s play! It’s cool. It’s a good proposal”. After
finalizing her suggestions, the participant still showed enthusiasm in playing the
proposed gamification. She said, “I’m looking forward to playing this game. Call
me to play it there.” The results of this initial test indicate that the G4NHE
specialization guide was still not simple to understand, and also the occurrence
of some unwanted behaviors during the execution of the activities of this guide
(e.g., the participant read both sets of rules, which did not was the purpose of
the test). Therefore, it was considered that the guide would need to be improved
before being used by the other participants (P2, P3 and P4). In this way, the
G4NHE specialization guide was improved from the application of the test with
participant P1, and its new version was tested with the other participants (P2,
P3, and P4).

G4NHE Specialization Guide Modifications. Based on the recommenda-
tions made by participant P1, some modifications were made to the specializa-
tion guide to improve its understanding, generating a new version. The following
changes have been applied:

– All occurrences in the text referring to activity cycles have been replaced by
rules. The “Standard Activities Cycle” was named “Rules for Heuristics with
Severity Classification” and the “Adapted Activities Cycle” was replaced by
“Rules Heuristics without Severity Classification”;

– The flowchart that presents the cycle of activities in the specialization guide
has been improved to better understand. For example, the input artifacts
necessary for the execution of each activity/step were better positioned, and
a diamond was also included to represent that the conditional structures of
the first and third activities are an alternative (i.e., the user must choose one
option or another);

– The name of each activity in the guide has been changed. The first activity
was renamed “Prepare the heuristics cards”; the second activity was named
“Prepare the heuristics guide”; and finally, the name of the third activity was
changed to “Selection of the set of rules to be used”;

– In the first activity (prepare the heuristics cards), an example of creating the
heuristics cards for the first Nielsen heuristics (Visibility of the system state)
was inserted;

– In the first activity, it was also said that the use of category cards is optional
and that G4NHE provides these generic card templates only to allow greater
flexibility and adaptability to the needs of those who create the gamification;

– Still, in the first activity, it was better explained that the text of the definition
of a heuristic can be cut so that it is readable in the heuristic card, but it
should not be rewritten with the user’s words;
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– In the second activity (prepare the heuristics guide), the purpose of the heuris-
tics guide was better explained so that users understand that it is a support
material on heuristics to be provided to gamification players;

– In the third activity (selection of the set of rules to be used), an instruction
was inserted to clarify to the user that he does not need to know the details
about the sets of rules when creating the gamification since they are pro-
vided as a set ready that should not be modified, and only when playing the
gamification should the chosen set of rules be consulted;

– In the third activity of the guide prepared for the test, the names of the files
containing the sets of rules to be chosen were inserted;

– Finally, in the file containing the “Rules for Heuristics with Severity Classi-
fication”, the citations to G4H were removed.

5.4 Final Test

After obtaining a new version of the specialization guide, the final test was per-
formed with the other participants (P2, P3, and P4). Contrary to what happened
in the initial test, the participants read the document from the explanation of
the proposal and the terms of the G4NHE, since it is important to verify if
they can understand the activities of the specialization guide alone, not needing
someone to explain related terms. The doubts that arose during the test with
each participant were resolved by the researcher proposing this work. The results
for each task established for the test are presented in the next sub-sections.

Task T1 - Develop the Heuristics Cards. Again, participants did not create
heuristics cards for all 15 heuristics established in the Ubiquitous Heuristics set.
They were instructed to create as many cards as they wished in order to prevent
the work from becoming repetitive and also due to the test’s time limitation.
The number of cards created by participants P2, P3, and P4 were, respectively,
3, 4, and 9. Thus, participant P4 was the one who made more cards in the test.

Participants P2 and P4 noticed the space destined for the heuristic ID in
the heuristics cards, while participant P3 did not identify this space (Fig. 2).
Participant P2 did not use only a numerical value for the ID, as was done by
the researcher, and did not consider the original ID of the Ubiquitous Heuristics
[18], which follows the format (HUbis + numerical value). He believed that the
ID starting with “HUbis” has the context of the dissertation that proposes this
set of heuristics, so he preferred to create his ID, which follows the format (H +
numeric value), as he finds it simpler. This is not a problem, as the user can use
the heuristic ID as they prefer.

Participant P4, on the other hand, used the original ID of the Ubiquitous
Heuristics, which may be the ideal approach since it is interesting to maintain the
identity of the Ubiquitous Heuristics in the gamification that is being created.
Initially, she was unsure whether to enter only the numeric value or the full ID
of the heuristic, as much as she preferred to enter the full ID. That’s because she
noticed that the space destined for this information in the heuristics cards would



G4NHE Second Edition 379

Name

Defini on

ID

a

Name

ID

Defini on

b

ID

Name

Defini on

Icon

c

Name

Defini on

ID

d

Fig. 2. Cards created by the researcher and participants P2, P3, and P4.

not support the Ubiquitous Heuristics ID and could misconfigure the layout of
the cards. The participant was insecure about making changes to the template.
Participant P3 also made suggestions for changes to the proposed layout, such
as changing the position of the upper left “H” with the lower right “ID” of the
card. P2 and P3 suggested changing the background color of the circle to attract
attention. Modifying the template does not represent a problem since G4NHE
does not require that the cards follow a defined template, and the template
provided is only a support for the elaboration of the necessary cards.
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Regarding the representation icon, all participants chose to create the heuris-
tics cards without this element, which could be optionally inserted if the partici-
pant wanted. However, participant P4 was the only one who used the appropriate
generic template for heuristics cards, which contains only textual elements. In
contrast, participants P2 and P3 used the model that includes the space for the
representation icon, making adaptations. Regarding the heuristic category, ini-
tially, participant P2 had doubts whether the quality characteristics present in
the Ubiquitous Heuristics could be the card categories. Subsequently, the par-
ticipant declared that he could clear his doubt through the example provided
in the guide that the Ubiquitous Heuristics set has no categories. He considered
that the category is an optional element of the card, so when in doubt, the cards
would not need to include the heuristic category.

Regarding summarizing the heuristic definition to place in the heuristic card,
it was noticed that participants P2 and P4 only cut parts of the text. In contrast,
participant P3 rewrote the definition in his own words, as he said: “I rewrote
looking at it [specification of the heuristics], I didn’t put anything more or any-
thing less no”. However, it is important to note that a usability heuristic is a
usability guideline or golden rule [11]; thus, rewriting its definition can affect
the validity of the heuristic. Still, in relation to this, participant P4 showed
insecurity: “I summarize, right, but I don’t know to what extent I’m summa-
rizing well, you know? Since I am not the person who created the heuristic.”
The researcher explained to the participant that she could summarize the defi-
nition of the heuristic as she wished, as long as it was not rewritten in her own
words. This difficulty indicates that the instruction in the guide regarding how
to summarize the definition of the heuristic also needs to be more enlightening.

Task T2 - Develop the Heuristics Guide. During task T2, participants
developed the heuristics guide for the Ubiquitous Heuristics set. Contrary to
participant P1 in the initial test, participants in this test included in the heuris-
tics guide only the heuristics for which the heuristics cards were created in task
T1. Both participants P2 and P4 were in doubt whether there was a template
for creating the heuristics guide. Participant P4 stated that she expected the
existence of this template. The researcher informed that this document could be
freely written to allow it to be better adapted to each set of heuristics.

Participant P4 was the one who had the most doubts when performing this
task: “I just think that the guide is going to be complicated, right? Make a
guide? I do not know”. The researcher asked if she understood the purpose of
this guide, in which she said: “The heuristics guide is explaining better what
heuristics are, like... how can I better explain heuristics if I didn’t create it? the
heuristics?”. Thus, the participant was instructed to read the meaning of the
heuristics guide again. After that, she understood that this guide only presents
the specification of the heuristics that are being gamified. This indicates that
the name of the artifact generated in this activity (heuristics guide) may not be
ideal, as participant P1 of the initial test had already suggested.
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Task T3 - Activity Cycle Selection. In task T3, the participants selected the
set of rules with severity classification, which contains the appropriate rules for
instantiating the G4NHE using the Ubiquitous Heuristics, since these heuristics
uses severity classification [18]. Again, this task was the one that the participants
had the most difficulty in understanding and executing.

Participant P4 did not understand the instruction of the guide when it
explained how to choose the set of rules, since she questioned whether she
would be free to choose either of the two sets. She was confused because the
traditional Heuristic Evaluation considers severity classification, and she did
not know heuristics without severity classification. Then, the participant was
explained why G4NHE provides two sets of rules. She recalled that the Ubiqui-
tous Heuristics followed the traditional Heuristic Evaluation, so she selected the
set of rules with severity classification. Like participant P2, participant P4 also
did not notice the file that describes how Ubiquitous Heuristics are used in the
Heuristic Evaluation, informing that the severity classification is performed.

Both participants P2 and P4 indicated the fact that a user who knows the set
of heuristics and wants to use it in gamification will quickly know how to choose
the correct set of rules. To try to solve this difficulty, participant P4 suggested
explaining that Heuristic Evaluation usually perform the severity classification
of the problems found. Still, some people adapt the method to perform only
the classification of violated heuristics. It also recommended the inclusion of the
following statement: “Then check that your heuristics follow this method”.

Participant P3 was the one who had more difficulty performing the task
compared to the others. After some questions and problems, participant P3 chose
the set of rules severity classification. As a correction suggestion, the participant
recommended that the condition for selecting the ruleset to be highlighted in
the specialization guide.

Post-Test Interview. Regarding the G4NHE proposal, all participants showed
interest in gamification to promote dialogue and fun. On the understanding of
the proposal, participant P2 said that he understood the terms of the G4NHE
better after reading the specialization guide, where he was able to understand
what would need to be done in the test. All participants read the guide com-
pletely before starting any task. About this, participant P2 considered that it
is normal for no person to understand the guide with just one reading and said
that he read this slowly, step-by-step, and twice. Thus, he concluded that the
user would be able to better understand the specialization guide while reading
it more often, requiring time. However, participant P4 reported that, initially,
she did not understand which tasks would need to be performed: “I don’t know,
like... you gave me this [specialization guide] here. Then I decided to read every-
thing, and I could have something like this: read and do it, read and do it. It was
not very clear that I can read and do at the same time, you know”. For P4, the
guide could include the following instruction: “To use G4NHE in your heuristic
sets, follow this [guide activities]”. Participant P3 also did not understand which
tasks needed to be performed when reading the guide only once.
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5.5 Consolidation of Results

With the results found in the final test, it can be seen that the expert participant
P4 made more suggestions for improvement compared to the participants who
are students (P2 and P3). However, the difficulty in understanding the G4NHE
specialization guide and performing its activities was the same, with the excep-
tion of only participant P3, who had an unexpected performance, which was
justified by the fact that this participant was tired and, visibly, sleepy during
the test application.

To facilitate the understanding and refinement of the G4NHE and its spe-
cialization guide, the modifications to be carried out were summarized. In this
set of changes, the suggestions made by participant P1 of the initial test that
have not yet been applied were also included. The modifications are:

– Modify the layout of heuristics cards to allow an ID of more than two char-
acters to be legibly entered into these cards;

– Increase the size of the blue line that separates the name and definition of
the heuristic on the heuristic card so that it can occupy the entire length of
the white part of the card;

– Remove the separator line from scoring and renegotiation cards;
– Insert the less than (“¡”) and greater than (“¿”) symbol between the labels

that define the space where the heuristics information will be inserted in the
heuristics cards;

– Insert an instruction informing the user that to use G4NHE in his heuristic
sets; he must follow the activities in the specialization guide;

– Insert a textual scenario usage describing a complete G4NHE round;
– In the first activity (prepare the heuristics cards), clarify that the use of these

icons is optional;
– In the first activity, when summarizing the definition of a heuristic inform

that it should be readable in a heuristic card;
– In the second activity (prepare the heuristics guide), a more precise name

must be presented for the artifact that is generated;
– In the second activity, inform that there is no template for the creation of the

heuristics guide;
– In the second activity, insert one more example of how the heuristics guide

can be written for another set of heuristics that are specified with other
information;

– In the second activity, inform that the user creates the heuristics guide based
on how the heuristics selected by him were documented;

– In the third activity (selection of the set of rules to be used), as some people
adapt the method to perform only the classification of violated heuristics,
instruct that the user needs to check whether the heuristics chosen by him
follow the traditional method (with severity) or not;

– In the third activity, emphasize that the condition that defines which set of
rules should be chosen;

– In the third activity, instruct that the severity, score, and renegotiation cards
already exist and only need to be printed;
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– In step 2 of the rule sets, mention the use of the card that represents “not a
violation”;

– In step 4 of the set of rules with severity classification, replace “heuristic
violations” with “violated heuristics”;

– In step 5 of the set of rules with severity classification, it is possible to indicate
in which step of the gamification the initial choice of severity will be used;

– In step 2 of the set of rules without severity classification, it is possible to
indicate in which step of the gamification the initial selection of violated
heuristics will be used;

– In step 8 of the ruleset with severity classification and in step 10 of the ruleset
with severity classification, explain that when a round ends, the player on the
left will be the next owner of the round.

6 Evaluating G4NHE New Rules

The objective of the second study is to evaluate the acceptance of the new rules
proposed by G4NHE, which are an adaptation of the original rules of the G4H to
allow the gamification to be applied without the severity classification step. This
evaluation was also applied to verify that the balance of the rules is adequate.

6.1 Participants’ Profile

The participants of this test were students of undergraduate courses related to
the area of information technology. In order to participate, they would need to
know the Heuristic Evaluation method so that they would be able to understand
the terms covered in the test. Regarding the training of participants in relation
to the HCI, players J1 and J4 took the HCI Evaluation course in 2018.1, while
players J2 and J3 in 2016.2. Regarding the Heuristic Evaluation, players J1, J2,
and J4 applied this method in other situations outside the courses. Player J3
reported that he vaguely remembered what was given in the classroom.

Considering a scale from 0 to 10 to evaluate the experience level of players
with the Heuristic Evaluation, player J3 was the one who evaluated his expe-
rience with the lowest score (3). The score given by the other players (J1, J2,
and J4) ranged between 7 and 8.5. This indicates that player J3 may have more
difficulty performing test activities compared to other players.

6.2 Procedure

A group test was applied, which consisted of observing players’ behavior during
some rounds of the G4NHE, in which the set of rules with no severity classifi-
cation was used. Players were asked to carry out an individual inspection of a
web system1, which allows them to compare product prices and sell them. Then,
they consolidated the problems found using the G4NHE. Considering that the

1 http://mercadolivre.com.br.

http://mercadolivre.com.br
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objective of this study is only to test the new rules of G4NHE, any set of heuris-
tics could be used by the players, noting that they only performed an association
of the problems found with the violated heuristics and not the execution of the
Heuristic Evaluation method itself. Players applied Nielsen’s usability heuris-
tics [11], as they have previous experience with the use of these heuristics. It
is important to consider that the results of this evaluation depend a lot on the
evaluators’ experience with the heuristics; thus, it would not be feasible to ask
the players to use heuristics that they did not know [14]. Thus, the cards used in
the test were the originals of the G4H, which were already created with Nielsen’s
heuristics in mind, as well as the renegotiation cards proposed by the G4NHE.
All cards were delivered to players in prototype versions.

Conducting the group test was guided by the following script. Initially, the
researcher proposing this work read the consent form with the participants.
Then, the participants were asked to answer a profile questionnaire about their
experience with the Heuristic Evaluation. In this study, the consent form and
the profile questionnaire were provided to the participants in printed form. After
that, the researcher revised the Heuristic Evaluation method quickly. Then, the
test was explained to the participants, describing that they would need to carry
out the individual inspection of a pre-established web system and, later, consol-
idate the identified problems using the G4NHE. Therefore, the materials to be
used in the test were delivered to the participants electronically. They are the set
of rules to be used in the gamification rounds so that players can consult them
in case of doubts; the usage scenario for the individual inspection; the Nielsen’s
heuristics guide, which contains the specification of these heuristics; a worksheet
so that players can record problems identified in the individual inspection; and
finally, the heuristics and severity cards. Subsequently, each player performed an
individual inspection. They were then asked to consolidate the identified issues
using the G4NHE, in which a demonstration round and three effective rounds
took place.

One of the participants, player J4, had to arrive later in the test room.
However, the test started without his participation since he could not have been
present. So he started performing the tasks well after the other participants. This
may indicate that this participant identified the lowest number (2) of usability
problems in the individual inspection. Player J2 identified the highest number of
issues individually (7) and was also the one who scored the most in the rounds
of the G4NHE, earning three (3) points.

The G4NHE rounds lasted quite a while, hitting the player’s availability
timeout. Thus, the planned focus group was carried out only on the following day.
In the current study, this technique was applied with the objective of collecting
players’ opinions on the G4NHE proposal and identifying positive points and
suggestions for improvement. In the application of the focus group, player J4
could not be present. Thus, only players J1, J2, and J3 participated in this part
of the study.



G4NHE Second Edition 385

6.3 Focus Group

In general, players enjoyed using a gamified approach to perform the Heuristic
Evaluation. Player J1 stated that gamification makes the consolidation of results
more effective: “I think it helped because there is something more certain there,
more serious, that you chose such a heuristic. It’s a card that you’re showing,
right, so others can already visualize it, different from just arguing. And you
can even better develop the arguments to discuss. Ah... I don’t agree with that
card, I don’t agree with that one”. Player J2 highlighted the improvement in
learning: “It generates learning, right, because everyone learns from everyone
else according to the cards that are thrown, and in a not very bureaucratic way
since it is a gamified way of doing the evaluation”.

Players demonstrated increased motivation and stimulation to perform the
evaluation using the G4NHE. The player J2 highlighted that the discussion about
the problems becomes richer: “I think that with the game it motivates people
to want to defend their point of view, to debate on that issue, you formulate a
much broader thought to be able to win the point”. Player J1 pointed out the
fact that players can broaden their understanding of problems: “I think it also
encourages people to look not only for a problem, a card, a heuristic. People
are looking for more and more. Keep looking, keep looking, looking, and looking
again. Something that maybe if it were without the cards, the person would look
at one: there, I found it, it’s here, it’s good, and it’s over”. Player J2 confirmed
her point of view: “And then knowledge about that would be limited, right,
because people wouldn’t go into much depth”. In addition, player J3 showed the
difference between carrying out the evaluation using the G4NHE and without it,
as traditionally happens in HCI courses: “And then it stimulates more discussion,
because, for example, a work to assess how it is done in the course... there was
not as much discussion as there was in the experiment”.

6.4 Consolidation of Results

To facilitate the understanding and refinement of the G4NHE rules, the discov-
ered changes that need to be made are summarized below:

– Change the points distribution rule (step 5) in the ruleset with no sever-
ity classification to handle the case in which the final selection of violated
heuristics does not correspond to the initial selection of any player;

– Change the points distribution rules (step 5) without severity classification
ruleset to distribute more points per round and make the score an element of
reward;

– Include the renegotiation card in the rules with severity classification, which
were originally proposed by the G4H.

The refinements applied to the G4NHE technique can be find at a supple-
mentary document2.

2 http://www.repositorio.ufc.br/handle/riufc/39472.

http://www.repositorio.ufc.br/handle/riufc/39472
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7 Conclusion

Game for aNy Heuristic Evaluation (G4NHE) is a generic gamification technique
to allow the application of G4H with any set of usability heuristics. G4H aim
to increase the engagement and motivation of different evaluators during the
HCI evaluation process based on Heuristic Evaluation, in which only Nielsen’s
usability heuristics were considered. Thus, G4NHE emerges as an approach to
allow G4H to be used with any set of usability heuristics. The main users of
this proposal are HCI students, researchers, and practitioners, who often apply
Heuristic Evaluation to evaluate the usability of interactive systems. G4NHE is
not recommended to measure the performance or skills of an HCI evaluator or
even to promote bonuses or additional remuneration in companies, as this can
change the dynamics of gamification.

This paper presents the G4H evaluation with HCI evaluators. To do this,
two exploratory studies were carried out. The first one aimed to evaluate the
specialization guide in order to verify if it contains enough information to guide
the creation of gamification based on G4NHE. The results of this step indicate
that users were interested in the proposal and considered that it has good poten-
tial, highlighting the positive factors that are provided by G4NHE: motivation,
competitiveness, and better debate on the problems found in a Heuristic Eval-
uation. However, they had difficulty understanding and executing the activities
of the specialization guide, especially the preparation of heuristics cards and the
choice of the set of rules to be used in gamification. In this last activity, the
participants had some doubts related to whether the set of heuristics chosen for
the gamification considered the severity classification or not.

The second study aimed to evaluate the acceptance of the new rules proposed
by G4NHE, which are an adaptation of the original G4H rules, to allow the gam-
ification to be applied without the severity classification step. The findings show
that the use of G4NHE allowed users to consolidate the results of an evalu-
ation, which was based only on the categorization of violated heuristics, with
greater motivation and effectiveness, highlighting that this gamification allows
for a richer discussion of usability problems identified. However, the established
rules were not entirely clear. For instance, the points distribution rule did not
balance the appropriate number of points to be distributed in each round and
also did not handle the case where the final selection of violated heuristics does
not match the initial selection of any player. Also, it was observed that players
were not interested in buying a renegotiation, which may have occurred because
they were more consensus-oriented. However, this factor may be related to the
cultural aspects of the players, such as the fact that they are students and do
not have a high level of technical expertise, which may have made them insecure
to contest the assessment of other players/evaluators. Thus, these results may
be different if the same test is applied to users with different cultural habits.

Finally, the improvement suggestions, which were obtained through the stud-
ies, were applied in the gamification proposal. Thus, generating a refined version
of the G4NHE and its specialization guide. The main refinements carried out
were: similar cards were unified and excerpts from the activity cycle rules were
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improved to facilitate understanding; a textual usage scenario was added to
exemplify the technique execution; finally, activities’ names and descriptions in
the G4NHE specialization guide have been rewritten to make it easier to under-
stand and execute.

As a future perspective, we aim to investigate the acceptance of the new
activity cycle rules from the perspective of HCI evaluators with different cultural
styles. We also intend to expand the G4NHE proposal by exploring their use with
playability and accessibility heuristics.
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thesis, Universidade Federal do Ceará (UFC), Fortaleza, Brazil (2017). (in Por-
tuguese)

19. Sharp, H., Preece, J., Rogers, Y.: Interaction Design: Beyond Human-Computer
Interaction, 5th edn. Wiley, Indianapolis (2019)

20. Sommariva, L., Benitti, F.B.V., Dalcin, F.S.: UsabilityGame: jogo simulador para
apoio ao ensino de usabilidade. In: Proceedings of the 10th Brazilian Symposium
on Human Factors in Computing Systems and the 5th Latin American Confer-
ence on Human-Computer Interaction, pp. 61–65. SBC, Porto Alegre (2011) (in
Portuguese)

21. de Souza, C.S.: The Semiotic Engineering of Human-Computer Interaction, 1st
edn. MIT Press, Cambridge (2005)

22. de Souza Filho, J.C., Monteiro, I.T., Jucá, P.M.: Game for aNy heuristic evaluation
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Abstract. The development of Information Technologies has contributed to the
increase and complexity of data, implying a greater diversity of mechanisms for
knowledge extraction. This high data availability has made citizens increase their
interest in analyzing data and making more informed decisions. Data mining is an
intrinsically complex process that expert users generally use. The non-expert users
are overwhelmed because they lack relevant techniques for analyzing and under-
standing these results. This proposal presents a usability experiment to evaluate
the level of understanding of the results when applying classification techniques.
The users worked with decision trees, one of the “friendliest” of existing patterns.
We need to start focusing on new patterns for non-expert users from the results
exposed.

Keywords: Data mining · Pattern analysis · Human computer interaction · User
interfaces · Data visualization

1 Introduction

The exponential growth of data in recent years has led to an increase in the use of
knowledge extraction mechanisms that allow data to be exploited more intelligently,
intending to make better-informed decisions. This availability of data makes it possible
for citizens to increase their interest in analyzing them to make informed decisions [1].

Data mining techniques, given their complexity, are generally used by expert users,
leaving the majority of users in the background. The massification of data mining tech-
niques for all types of users has brought some problems, among those originated in
interaction with the resulting patterns. Although the number of options for applying data
mining techniques has increased, in general, they are not yet ready to be consumed by
non-expert users. There is a gap between the need for analysis by population and the
possibility of understanding the results obtained.

The usability of the resulting patterns is a problem that has beenmentioned before [2],
although it is still unsolved. Paradoxically, this problem has been increasing, considering
the increase in the complexity of the data and the patterns obtained, for example, in Big
Data.
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Some techniques serve to evaluate the usability of software systems [3], but they
can be extrapolated to different areas of computer science. These techniques are known
as cognitive accompaniment that evaluate time, goal accomplishment, and conclusions
drawn from observations of experiments [4].

In the context of presenting the results obtained after applying data mining tech-
niques, it would be desirable that they are easily understandable and avoid the need for
an expert user for their interpretation.

This work aims to analyze how users perceive the resulting visualizations after
applying data mining algorithms. The aim is to recreate a common knowledge scenario
where a particular situation is experienced. Considering many mining techniques and
algorithms, wewill focus on studying the level of understanding of expert and non-expert
users after interpreting the results of classification techniques. Specifically, decision trees
will be analyzed in this case since they are among the most widely used supervised
learning algorithms.

2 Related Concepts

2.1 Usability

Usability is a crucial concept in Human-Computer Interaction (HCI). According to ISO
9241-210 [5], it is defined as: “The extent to which specific users can use a product to
achieve specific objectives with efficiency, effectiveness, and satisfaction in a specific
context of use”. In a complementary way, ISO 20282 [5] indicates that all interactive
products must have a user interface and that the quality of this interface can significantly
affect the fulfillment of the objectives. In our case, usability is an essential quality
parameter for understanding data extraction and interpretation processes.

2.2 Knowledge Discovery in Databases

The “Knowledge discovery in databases” (KDD) was defined by Fayyad et al. in 1996
as “the non-trivial process of identifying valid, novel, potentially useful, and ultimately
understandable patterns in data” [6]. This process can be grouped into three major
stages: integrating and preprocessing the data into a single repository, selecting attributes
and algorithms for data mining, and ending with the analysis and interpretation of the
resulting patterns.

On the other hand, data mining is understood as a set of techniques and algorithms
that allow obtaining patterns not perceptible to the naked eye in data sources. This phase
is considered the core of the KDD process. Its objective is to produce new knowledge
that users from the analyzed data can use.

2.3 Classification Techniques

Classification techniques are one of the most widely used techniques in data mining [7,
8]. These techniques analyze a set of input data and from them construct corresponding
classes based on the characteristics of the data [9]. The idea is to establish a rule where
the analyst can classify each new observation into an existing class.
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3 Related Works

There is an increasing need for mechanisms that allow non-expert users to analyze their
data quickly. The big challenge is to make the application of data mining techniques
user-friendly.

Some approaches focus on the realization of interactive data mining systems by
considering an adaptive and efficient communication between humanusers and computer
systems [10–12]. Themaindrawbackof these proposals is that knowledge about theKDD
process is required. Therefore, users without prior knowledge of data mining cannot take
advantage of these approaches.

Additionally, some proposals aim to assist non-expert users in applying data mining
focused basically on a specific application domain. For example, Camiolo and Porceddu
[13] propose an alternative to generating genomic sequences. Bodt et al. presents a
specific user-friendly tool for data mining and integration in biology [14]. Salcines
et al. introduces at the educational field a collaborative recommender system using
distributed data mining for the continuous improvement of e-learning courses [15].
Espinosa et al. presents an alternative for the application of data mining techniques by
non-expert users [16]. However the issue of visualization of the patterns obtained is still
under development.

Kriegel et al. address the issue of “increasing usability”, but from the perspective
that the complexity and alternatives of mining algorithms will increase and the number
of variables to be considered [2].

In order to find proposals related to our topic, we performed a preliminary search
through the “ScienceDirect” engine, restricting the results to the last five years. This
time restriction was mainly based on changes in technology and visualization trends.

First Approach. “DataMining+User Experience”. There are very few relevant results
that manage to mix both needs. The initial search resulted in the proposal by Rojas et al.
[17], where they comment on new techniques using augmented reality for improved per-
ception of results. While it is true that user experience cannot be minimized to interface
concepts, it is a second edge to the search spectrum.

Second Approach. A combination of concepts: “visualization for data-mining mod-
els”/“data visualization”/“visual data mining”. Integrating this approach, known as “vi-
sual data mining”, allows us to combine human exploration ability with the analytical
processing capability of computers for problem-solving.

Graphical visualizations often aid data mining to facilitate a better understanding of
the data and results [18]. This is especially true for visual and very detailed data, too
complex to be easily understood with hard data alone.

Interactive data visualization allows us to leverage human visual and cognitive per-
ception to improve the accuracy and efficiency of data analysis [19, 20].When integrated
with data mining algorithms, data visualization systems combine human strengths with
the computational power of machines to solve problems that neither approach can solve
in isolation [21].

In summary, proposals are found that try to support the application of data mining
techniques in some specific domains, but solutions that support non-expert users are still
needed [22].
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4 Methods and Materials

This section describes the methodology applied to conclude the users’ understanding of
the resulting patterns obtained after applying data mining techniques.

In this case, we analyzed how the results were obtained after applying the J48 algo-
rithm of classification techniques. This algorithm was selected because it is one of the
most user-friendly patterns obtained from classification techniques since it presents its
results in a tree form. The individual results and training were obtained with the Data
Mining and Machine Learning software Weka [23].

A set of tasks were carried out to identify the usability of the resulting patterns
(decision trees). The designed experiments were applied considering two groups of
users: (i) experts and (ii) non-experts in data mining techniques.

We take as a referencewhether or not they had taken any subject related to datamining
or pattern recognition. They were between 20 and 40 years old, with similar experience
in using technologies, students, or university professionals. 70% of the participants were
men, and 30% were women. All the experiments were conducted in person, either in a
classroom or a work office. The selection of the surveyed users was randomized.

For the experimentation, it was considered to present three graphic patterns to the
users. After applying the same datamining algorithm on three data sources with different
characteristics, these patterns were obtained but related to the same application domain.
It is intended to increase the complexity of the patterns shown to analyze user reactions
in each case.

Initially, users are introduced to the study, indicating the objectives of applying data
mining techniques to the different data sources analyzed. Then it is explained to them
what type of question they should answer when analyzing the patterns presented. In
general, the aim is to store information on three criteria:

• Whether or not they get the correct answer to the question asked.
• How long it takes to obtain a solution.
• What observations are identified while performing the exercise.

4.1 Experimentation Details

The three data sources used contain information obtained from the interaction of univer-
sity students in different courses available in virtual learning platforms. The objective
of the applied algorithm is to predict whether or not a student passes or fails the course
he is taking, based on the information gathered from his interaction with the activities
available on the virtual platform during the course. In this opportunity, we seek that
the user evaluator, given the actual data of a student, manages to determine from each
resulting graph whether he/she will pass or fail the course. In other words, to evalu-
ate the degree of visualization interpretation of the classification model obtained as its
complexity increases.

Three alternative patterns obtained by applying the same algorithm to each data
source will be presented. Table 1 describes the number of attributes, instances, and
classes that were used in the exercise for each dataset.
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The number of “attributes” are the characteristics to measure from the data source.
The “instances” refer to the number of observations, and the “classes of the target
attribute”, refer to the number of possible values that the attribute to predict has, for
example: For data source (1), the target attribute is “complete rating”, where its possible
values are two: {fail, pass}.

Table 2 shows the parameters and their respective values of the student who is asked
to determine whether or not he will be able to pass the course in one of the exercises
applied to the surveyed users.

Table 1. Description of some general characteristics of the data sources.

Datasource Number of
attributes

Number of
instances

Number of
classes of the
objective
attribute

(1) 12 65 2

(2) 14 64 2

(3) 27 193 5

Table 2. Attributes and values of the used instance of dataset 2.

Attribute Value Attribute Value

tiempo_total 5133 tiempo_total_abril_assignements 101.383

num_sesione 117 clicks_febrero_contenidos 12

media_tiempo_semana 342 clicks_febrero_foro 92

media_sesiones 7 clicks_mayo_assignements 26

tiempo_total_contenidos 1135.316 mensajes_leidos_foro 137

num_sesiones_abril_assessment 1 mensajes_escritos_foro 20

tiempo_total_marzo_foro 627.266

Fig. 1. Tree obtained by applying J48 to the data source 1.
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Fig. 2. Tree obtained by applying J48 to the data source 2.

Regarding the experimentation activities: (i) Each student was given interaction
values of the evaluated activities (parameters). From the evaluation of these values, it
should be determined whether they will finally pass or fail the course. The latter is the
question to be solved.

The resulting trees (see Fig. 1 and 2) increase the complexity from 1 to 3 evaluated
parameters. However, Fig. 3 shows that the number of attributes to be evaluated is higher,
adding complexity to the results. Please note that the data expressed in the graph are
not relevant, but the important thing is to show the complexity acquired as attributes are
added to the scenario.

When an expert analyzes the third tree (see Fig. 3), he identifies overfitting from the
degree of branching of the tree presented. To solve this, some pre-processing techniques
are applied to the data source to simplify the resulting visualizations. However, as non-
expert users should also use this, the graphical representations should still be as “usable
and friendly” as possible.

Fig. 3. Tree obtained by applying J48 to the data source 3.
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Table 3. Results from datasource (1) non-experts users.

Correct results Incorrect results Does not know/Does not
answer

# 26 6 2

% 76.5% 17.6% 5.9%

Table 4. Results from datasource (2) non-experts users.

Correct results Incorrect results Does not know/Does not
answer

# 32 1 1

% 94.1% 2.9% 2.9%

5 Results

5.1 Non-expert Users

Regarding the experimentation on non-expert users (without previous experience in data
mining). Of the 34 participants, all responded without significant problems.

Case (1) - Using Data Source (1). Average resolution time88.57 s (seeTable 3).With a
standard deviation of 84.46 s. Although there were users who managed to solve it within
the expected time (between 90 and 120 s, considering the time to read instructions),
others took twice as long.

It should be remembered that the first experiment has a low level of complexity, taking
into account that only oneparameter is analyzed (“num_sesiones_mayo_assignements”),
out of a maximum difficulty of eight (Fig. 3).

Table 5. Results from datasource (3) non-experts users.

Correct results Incorrect results Does not know/Does not
answer

# 25 7 2

% 73.5% 20.6% 5.9%

There was a hypothesis of correct answers higher than 90%. However, only 76.5%
of the participants performed the test correctly. This is an exciting figure to analyze;
23.5% of the users in this stage made some error when asked for a specific answer.
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Table 6. Results from datasource (1) experts users.

Correct results Incorrect results Does not know/Does not
answer

# 12 0 0

% 100% 0% 0%

Case (2) - Using Data Source (2). Average resolution time 87.83 s (see Table 4). With
a standard deviation of 71.47 s. As in the previous scenario, there were users within the
expected time averages (between 80 and 90 s), but the standard deviation indicates that
some took almost twice as long to solve the same problem. However, this time, users
began to understand the essential workings, taking about the same amount of time but
with 94.1% correct results. Only 5.8% of the total had errors or failed to reach the result.

Case (3) - Using Data Source (3). Average resolution time 171.17 s. With a standard
deviation of 98.61 s (see Table 5). The last scenario had the highest resolution diffi-
culty (with a maximum of 8 parameters to be evaluated). Although the evaluation times
exceeded what was expected (120–150 s), the deviation was not twice as high as in the
previous cases. However, they were considerably lower than in the previous case and
equal to the error levels of the first case. Only 73.5% of the users managed to get the
correct answer to the exercise. Where 20.6% did not manage to arrive correctly (ended
up in the wrong branch within the decision tree) and 5.9% did not manage to solve it.

5.2 Expert Users

The results achieved by the expert users are presented below. Of the 12 participants, it
can be observed.

Table 7. Results from datasource (2) experts users.

Correct results Incorrect results Does not know/Does not
answer

# 12 0 0

% 100% 0% 0%

Case (1) - Using Data Source (1). Average resolution time 49.83 s (see Table 6). With
a standard deviation of 37.17 s. 100% of the users answer correctly, within the expected
time (less than 60 s).

Case (2) - Using Data Source (2). Average resolution time 26.17 s (see Table 7). With
a standard deviation of 10.47 s. Like the previous case, 100% of the users complete the
task without significant inconveniences.
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Table 8. Results from datasource (3) experts users.

Correct results Incorrect results Does not know/Does not
answer

# 11 1 0

% 91.7% 8.3% 0%

Case (3) - Using Data Source (3). Average resolution time 92.5 s. With a standard
deviation of 51.85 s (see Table 8). 91.7% of the evaluated users were able to solve
the problem. Although only one of them indeed made an error (due to the size of the
sample), this proves the hypothesis that the error can also be present in advanced or
expert users.

Thesewere separated by scenario based on the comments and observations perceived
during the experimentation.

• First case: 75% dealt with the performance of the trees and the appropriate attribute
association. The perception of the exercise and functioning of the decision trees was
not immediate. After verifying the initial operation, the remaining 25% referred to
how instinctive it was.

• Second case: 60% of the perceived observations dealt with the case’s complexity. It
was noted that the more attributes, the greater the complexity of the visualization. The
rest of the comments ranged from (i) “not much work” and (ii) “solved after further
review.“

• The third case: 57% found the solution very complex. 29% that, although the partic-
ipants marked the correct answer by indicating that they had “passed” the evaluated
student. They came to a hasty conclusion (they did not follow the correct path). The
rest of the comments referred to not having adequate knowledge to assimilate the
attributes (once) or not “to find the graph to be evaluated” (once). Note: No comments
were perceived at this stage.

5.3 Preliminary Approach

The results obtained show that the patterns used are not entirely user-friendly, and their
presentation is not understandable for non-expert users, which is our target audience.

The following is a first approximation of a solution to this problem (see Fig. 4).
After applying the decision tree algorithm, the visualization of the results was designed
following two initiatives: (i) The final result is the relevant one. It is desired to know
if the student passes or fails the subject in question, so it is the first thing that should
be made known. (ii) If the end-user wishes to detail the classification given and extend
the logistics of solving the algorithm, he can perform a retrospective visualization to
analyze the reason for the answer. This provides the space to analyze the constraints and
possible solutions, ensuring that the first option shows the predicted classification.

In this iteration, we only cover a gap of a complete KDD process. A good alternative
would be to use the proposal presented in previous work [16]. The general objective is to
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assist the end-user by automatically selecting and applying the algorithm to obtain the
best result according to the information extracted from the data the user wants to analyze.
Subsequently, add our visualization proposal to achieve an acceptance and understanding
of the results by the end-users after their data is processed using decision trees.

Fig. 4. Proposal to visualize the tree obtained from data source 2.

6 Discussion

The development of Information Technologies has contributed to the increase and com-
plexity of the data currently generated [24]. This high availability of data has increased
citizens’ interest in analyzing them to make more informed decisions.

The results obtained in the proposal reaffirm that we are facing an open problem,
where the scientific community should focus its efforts due to the growing current need.
We conclude our analysis by addressing the following questions:

• What would happen then if the results were presented abruptly and early to non-expert
users? We would likely encounter a percentage of users with errors, and it is worth
noting that a graphical form of representation is being used. In contrast, usually, results
are presented by plain text files.

• Is the description of parameters or language relevant when presented to non-expert
users? Curiously, a few errors are due to attributes in different languages or without
any context for the end-users. This type of representation should bemore careful when
displaying results.

As future work, it is interesting to highlight two initiatives (i) “Thick Data,” a concept
coined in 2009 by Tricia Wang [25], which uses qualitative and ethnographic research
methods that capture the emotions, stories, andmental models of target users. The author
indicates that “what is measurable is not necessarily valuable” and gives us an example
of the wrong predictions that occurred during the United States elections [25].
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The initiative calls for an integrative research approach, where the results of Big
Data can be contextualized and told through stories, adding the human dimension. This
integrated approach produces different types of insights at different scales and depths.

Secondly, (ii) search for and design new techniques for data visualization. Although
we were indeed able to verify that there is a significant shortcoming in the interpretation
of results, it is intended in the next iteration to compare data presentation techniques
that aim to arrive at the correct solution obtained after applying data mining techniques.
This allows us to meet the objectives of “digital literacy 2.0”, where not only “Data
Science” specialists will be able to use these large amounts of data to obtain/generate
knowledge, as an expert in the field could do. Finally, the possibility of applying these
recommendations to improve specific visualization software should be highlighted.

Acknowledgment. This work was partially funded by the Project UTA Mayor No 8729-20 of
the Universidad de Tarapacá, Arica, Chile.
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Abstract. In recent years, more and more Chinese colleges and universities have
set up gyms on campus in order to enhance students’ physical fitness. As an
important part of the sports fitness industry, campus gyms have huge development
space, and due to the particularity of the user groups, there are certain differences
from ordinary gyms. Treadmills are the most common and basic fitness equipment
in campus gyms. At present, there is no treadmill specially designed for campus
gyms. Therefore, there is still a lot of room for improvement in user experience of
campus treadmills. This study takes the gym of Guangzhou International Campus
of South China University of Technology as an example. In terms of hardware,
the OWAS scale is used to evaluate the user’s running posture, and the treadmill
is improved for problems such as heart rate measurement; in terms of interface,
QUIS is used to evaluate the treadmill interface. And according to the evaluation
results, the interface layout of the treadmill is optimized.

Keywords: Usability assessment · Campus treadmill · OWAS · QUIS · Redesign

1 Introduction

In recent years, China’s fitness industry has begun to rise rapidly, and college students
have become the main force in physical fitness. More and more colleges and universities
have set up gyms on campus in order to enhance students’ physical fitness. As an impor-
tant part of the sports fitness industry, campus gyms have huge development space, and
due to the particularity of user groups and use scenarios, there are certain differences
from ordinary gyms. Most of the campus gyms are open to students for free or at a lower
price, not for profit, and are not large in scale and have many users. Treadmills are the
fitness equipment most commonly used by students in campus gyms, and there is still
room for improvement in user experience. In order to improve the usability of campus
treadmills, this study took the gymnasium of Guangzhou International Campus of South
China University of Technology as an example, and used several analysis methods to
evaluate and optimize the hardware and interface of campus treadmills.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
M. M. Soares et al. (Eds.): HCII 2022, LNCS 13321, pp. 401–413, 2022.
https://doi.org/10.1007/978-3-031-05897-4_28

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-05897-4_28&domain=pdf
https://doi.org/10.1007/978-3-031-05897-4_28


402 M. Gao et al.

2 Research Method and Process

This study employed several methods to evaluate the usability of campus treadmill
hardware and its interface. We first conducted a field survey, and in order to obtain
more data, we designed a preliminary questionnaire in terms of functions, interface
interaction, and user queuing experience. For the product, OWAS was used to assess
the user’s posture while using the treadmill. For the interface, the Questionnaire for
User Interface Satisfaction (QUIS) was used to assess users’ subjective satisfaction with
specific aspects of the treadmill interface.

2.1 Field Observation

From 8:30 pm to 9:30 pm on December 23, we observed the whole process of 6 men
and 3 women using the treadmill in the campus gym, recorded their using behaviors,
and conducted user interviews with them after they finished running.

In order to obtain more information about the use of treadmill, we designed and dis-
tributed aquestionnaire,which contained thebasic informationof users, their habitswhen
using the treadmill, common functions and troubles encountered in using it. Through a
combination of online and offline methods, we obtained 128 questionnaires, 91 of which
were valid. We used this as the basis to draw a user journey map (Fig. 1).

Fig. 1. User journey map.

2.2 Treadmill Hardware Evaluation Method

For treadmill hardware evaluation, we used OWAS (Ovako Working Posture Analysis
Sustem), developed by Ovako Steel in Finland in 1973. This method is used to define
the position of the user’s body while using the treadmill and to classify the degree of
injury that may result.

The investigator followed the user without interfering with the subject’s normal
running, and ensured the integrity of the user’s whole body in the filmed images. The
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investigators recorded the whole process of users using the treadmill from 15:00–15:30
in the afternoon and from 19:00–19:30 in the evening. A total of 9 videos were sampled
during the 1-h observation period. Investigators then measured the frequency of various
combinations of postures in the exercise category and identified poor working postures.
Then, we coded each bad working posture using the OWAS posture coding map, and the
codes were counted to determine the action class (AC, ActionCategories) of the user’s
posture, and then the corresponding treatment plan was selected.

The action categories are divided into four levels, including AC1, AC2, AC3 and
AC4, and the classification of each level is based on: AC1= normal posture, no need to
deal with; AC2= posture with minor hazards, need to take improvement measures in the
near future; AC3 = posture with obvious hazards, need to take improvement measures
as soon as possible; AC4 = posture with serious hazards, need to take improvement
measures immediately [1] (Fig. 2).

Fig. 2. OWAS posture coding diagram and discriminant criteria.

2.3 Treadmill Interface Evaluation Method

For treadmill interface evaluation, we used Questionnaire for User Interface Satisfaction
(QUIS). The QUIS was designed to assess user’s subjective satisfaction with specific
aspects of the HMI.

The QUIS contains a demographic questionnaire, a measure of overall system satis-
faction along six scales, and hierarchically organized measures of four specific interface
factors (screen factors, terminology and system feedback, learning factors, and system
capabilities) [2].

Each area measures the overall satisfaction with that facet of the interface, as well as
the factors that make up that facet, on a 9-point scale [3]. A total of 20 users (meeting the
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minimum number of samples) accepted our survey. These samples were screened and
used the treadmill 1–2 times a month. In earlier studies, it is found that men and women
do not differ in their level of positive affectivity (Watson, 2000). Therefore, responses
were not categorized according to the gender.

We used a simplified version of the QUIS scale for four aspects: screen factors,
terminology and system feedback, learning factors, and system capabilities.

3 Results

3.1 Result of Field Observation

Field Observations and User Interviews. In the process of field survey and user inter-
view, it was found that almost all users experienced queuing, and users might give up
using the treadmill in the process of long queuing. In terms of product usage, users pre-
fer buttons when turning on and adjusting speed in the middle. However, adjusting the
speed requires continuous button presses or continuous screen taps. Some of the buttons
are too small and the button area is blocked by the screen, resulting in inconvenient
operation. The curved armrest with heart rate measurement patch at the front will block
the storage area, causing inconvenience to take the phone. In terms of interface use, the
entertainment application section is used less frequently, with only a few users using
Street View and only one user using video. Besides, users feedback that it is not conve-
nient to jump from one application to another. It is observed that there is almost no “page
switching” function during the operation. Except for Street View, other entertainment
interfaces could not be opened during basic control operations (Fig. 3).

Fig. 3. Field research information.

Questionnaire. With 91 valid questionnaires, we can conclude that most users think the
queue is too long and requires too many clicks when adjusting the speed. Most users use
the buttons more often than the screen, and more users tend to put the “heart rate widget”
in front than on either side. This is consistent with the results of our field observations
and user research (Fig. 4).
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Fig. 4. Questionnaire information.

3.2 Result of Treadmill Hardware Evaluation

Through OWAS evaluation (Fig. 5), it can be concluded that among the user’s posture
of using the treadmill, the posture of “using buttons” and “using cell phone” is AC1,
which means that this posture is the normal posture of the user and does not need to be
dealt with.

The user’s posture of “holding the cell phone”, “using the handrail” and “clicking
the screen” during the running process is AC2, which means that the posture is slightly
harmful and needs to be taken recently. Improvement measures are needed in the near
future. In the process of observation, we found that the “home” and “back” keys, which
are used more frequently, are set in the upper left corner of the screen, so the posture
appears more frequently and lasts longer. The user is more affected by the posture of
clicking the upper left corner.

The user’s posture of “measuring heart rate with the handle” while running belongs
to AC3, which is obviously harmful and needs to be improved as soon as possible.
Hand-held heart rate monitoring is at present the most widely used heart rate monitoring
method on the treadmill, must hold the heart rate card in both hands at the same time in
order to measure the heart rate, this way is more accurate and convenient to test, but the
posture of measuring heart rate while running often makes the user feel uncomfortable,
and the posture of measuring heart rate with the handle generally needs to be maintained
for 10–20 s.

There is no obvious harm to the user’s other postures, so the relevant hardware is not
considered for improvement.

3.3 Result of Treadmill Interface Evaluation

Reliability analysis was used to measure the reliability of the sample response results,
and after SPSS analysis, the Cronbach alpha coefficient value of this questionnaire was
0.955, so the questionnaire results were reliable.
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Fig. 5. OWAS assessment results.

In this questionnaire, screen factors include Q4, Q6, Q7, Q8, Q20, Q26 (Fig. 6), ter-
minology and system feedback include Q3, Q10, Q11, Q12, Q14, Q21 (Fig. 7), learning
factors include Q13, 15, 17, 19, 24, 28 (Fig. 8), the system functions include Q9, Q16,
Q22, Q23, Q27 (Fig. 9).

The evaluation results show that: In terms of Screen design & layout, the page
skipping steps are cumbersome, and the buttons highlighted on the screen fail to guide
effectively; In terms of Terms & system information, system error messages (such as
login failure) frustrate users; In terms of Learning, the process of exploring features is
complicated, which makes the system less interesting; In terms of System capabilities,
the system itself is not perfect and the function level is not clear enough, which makes
it difficult for users to find featured functions (such as starting).

In addition, the back button and home button, which are frequently used, are located
in the top left corner of the screen, and Chinese users are right-handed, which makes
them inconvenient to click. The existing interface lacks a navigation bar, so users cannot
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Fig. 6. Result of screen factors.

Fig. 7. Result of terminology and system feedback.

Fig. 8. Result of learning factors.

switch applications easily. The user bar is not frequently clicked and is not suitable for
easy to click area. The area for adjusting speed only has plus and minus buttons, which
makes users click too many times when adjusting speed.
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Fig. 9. Result of system capabilities.

4 Improvement Plan

According to the evaluation results of QUIS, we decided to optimize the interface design
mainly for “partial buttons” and “navigation mode”. In addition, combined with the
results of OWAS evaluation, we will optimize the clicking experience of “back” and
“Home” buttons in the upper left corner of the screen. On the hardware, we will optimize
the design of “heart rate controller”. Based on the results of “field observation”, we will
optimize the click level of “speed up and down”;

In the whole process of using treadmill, we will also introduce the “reservation
queue” function.

4.1 Improvement Program of Treadmill Hardware

The main function of the “heart rate controller” is that the user squeezes his hand on the
controller during running and keeps it for a period of time to get accurate heart rate data.

The height between the center of the left and right “heart rate handle” and the plane
of the running belt should be appropriate to the user’s body height, and the height when
standing can refer to the elbow height of the human body. Considering that users are
accustomed to using the heart rate handle during running. in order to ensure convenient
operation for most users, the 5th percentile of female standing posture elbow height –
899 mm (as shown in Table 1 below) is selected as the height between the center of left
and right “heart rate handle” of the treadmill and the plane of the running belt [4].

Table 1. Standing body size of Chinese female adults.

Age group 18–55 years old

Percentile 1 5 10 50 90 95 99

Height of eye 1337 1371 1388 1454 1522 1541 1579

Height of shoulder 1166 1195 1211 1271 1333 1350 1385

(continued)
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Table 1. (continued)

Age group 18–55 years old

Percentile 1 5 10 50 90 95 99

Elbow height 873 899 913 960 1009 1023 1050

Functional hand height 630 650 662 704 746 757 778

The perineum high 648 673 686 732 779 792 819

Ti-floor 363 377 384 410 437 444 459

The design of heart rate handle should adapt to the biological characteristics of
human hand. First, keep the wrist in a straight state in the process of use; Second, to
avoid pressure on the palmar tissue; Third, avoid repeated finger movements. So in the
design of the handle shape can use arc shape to adapt to grasp.

By placing electrodes on the left and right handles of the electric treadmill, the ecg
signals of the human body can be obtained, and the heart rate information of the trainer
can be obtained by measuring the time interval of two adjacent R waves in the ecg
signals. Therefore, the holding time of the heart rate handle is difficult to shorten. In
order to reduce the impact of the heart rate detection process on running posture, we
designed the “heart rate handle” to be removable.

According to the evaluation results of OWAS and the man-machine dimension anal-
ysis of the product and the measurement principle of human ecg signal proposed in this
section, we optimized the “heart rate handle” and obtained the following design scheme
(Fig. 10).

Fig. 10. Scheme rendering.

The optimized design is coordinated with the overall style, and the heart rate mea-
surement handle can be pulled out and held in the hand, without affecting the user’s
running posture. In addition, we adjusted the shape, size and placement Angle of the
handle to better adapt to the biological characteristics of the human hand. At the same
time, the adjustment of the handle size reduces the cover of the handle over the basket,
so that it does not interfere with the user’s access to the phone.
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4.2 Improvement Program of Treadmill Interface

Through experiments, according to the measurement of task completion time, error
book, supervisor comfort and other indicators, Ye Hanyao analyzed and concluded that
the interface area with the highest operation efficiency and the most comfortable feeling
for users on the new treadmill interface (Fig. 11).

A3: Place parts with high click through rate/use frequency and strong demand.
A2: Place parts with average click through rate/use frequency and normal demand.
A1: Place components with low utilization rate/frequency and weak demand [5].
The circular area is the area where the user’s line of sight is concentrated during

running. It is suitable for placing parts that do not require user click operation but
display necessary information, such as sports status display/prompt [6].

Fig. 11. Interface area.

Therefore, we redesigned the existing interface of the treadmill (Fig. 12), mainly
including five sections: desktop (1), status display area (2), user bar (3), navigation bar
(4), and basic control area (5). Among them, the desktop mainly displays the user’s
motion status information, and when the user adjusts the speed, a floating window
of “current speed” will be displayed for the user to adjust. The status display area
mainly includes device status and settings. The user bar includes login button/avatar
and application menu. The navigation bar includes Home button and application icons,

Fig. 12. Redesigned interface partition.
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which can return to desktop or switch to other applications with one click. The basic
control bar includes the start button, pause button and end button of the treadmill, and
the speed and incline control buttons.

Click “speed” to pop up the floating window of digital panel, which is convenient for
users to quickly adjust their favorite speed. When the user adjusts the speed, a floating
window will pop up to display the current speed, which is convenient for the user to
better control the speed. The user can adjust the speed by “_” / “+”.

When the user pauses the run, there are two options: continue/end, where the user
can choose to take a short break or just end the run and the next student takes their turn
on the treadmill (Fig. 13).

Fig. 13. Redesigned low-fidelity interface.

The interface of the treadmill has been redesigned with clearer functions of the
buttons, moving the user bar to the left side and adding amore frequently used navigation
bar on the right side to facilitate user operation (Fig. 14).

Fig. 14. Redesigned homepage.

Move the frequently used “Back” and “Home” keys from the top left corner to the
right navigation bar, so that when the user has used an application, the most recently
used application will appear in the navigation bar, and the user can return to the home
page with one click or switch to other applications with one click (Fig. 15).

In order to solve the problems of users not knowing whether there is a free treadmill
before they arrive at the gym and the long queue for the treadmill, users can make a
reservation in the APP to queue up and enter the reservation password to turn on the
treadmill after arriving at the number. If the user does not come to open the treadmill
after the countdown, the reservation will be cancelled (Fig. 16).
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Fig. 15. Redesigned street view interface.

Fig. 16. Redesigned street view interface.

5 Summary and Discussion

This paper discusses the availability of shared treadmills in public gyms on the Inter-
national Campus of South China University of Technology. The specific work is as
follows:

Firstly, this paper conducted a field survey of 9 users (including ordinary users and
experienced users) during the whole process of using treadmills, and made a preliminary
analysis of users’ experience of using treadmills on campus.

Secondly, OWAS and QUIS were used to evaluate hardware usage and user interface
satisfaction of campus treadmills, and questionnaires were designed specifically.

Thirdly, according to the evaluation results, the problems of heart rate measurement
module design, user interface design and user experience of “Good Family” indoor
treadmill in the use of campuswere found, and the optimization schemewas put forward.

The study proposed detailed improvements, including changing the interactive (pull-
out), size and grip Angle of the handle to reduce physical injury caused by the use of
existing heart rate modules. Rearrange the 5 functional plates of the existing interface
according to the frequency of use, add digital panel for fast speed regulation, change
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the shape of buttons, add navigation bar and so on. The improvement plan adds the
reservation queuing function to optimize the user experience.

Due to the limited research time and limited capability of project team members,
there are still many deficiencies to be added in this paper:

Firstly, due to the limited time of the project, the study did not recruit enough
participants, especially the questionnaire survey.

Secondly, due to the limited capacity of the members, the field observation method
used in the experiment is insufficient.

In the end, we proposed detailed improvements based on the evaluation results,
but due to time and funding issues, the usability of these options has not yet been
experimentally evaluated.
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Abstract. This study explored the visual strategies and operational implica-
tions of users scrolling through short videos provided by a short-video app. A
within-subjects design with 2 (title position: title above video/title below video)
× 2 (interaction area position: lower left interaction area/lower right interaction
area) conditions was adopted. The eye-tracking experiment and questionnaire
survey were combined to understand participants’ preferences for different con-
ditions. A total of 30 participants were recruited for the experiment. Both the eye-
tracking experiment and questionnaire survey data showed that the participants
preferred the design with the title above the video and the lower right interaction
area. A plausible explanation is that the title above video arrangement facilitated
information filtering and was congruent with the participants’ existing browsing
habits. Meanwhile, the lower right interaction area was easy to operate and more
accommodating.

Keywords: Eye-tracking · Short-video · Interface design · Usability

1 Introduction

The widespread popularity of short-video apps has substantially changed the way indi-
viduals obtain information. Moreover, many are spending increasing amounts of time
using these apps. As of February 2021, therewere 873million short-video users inChina,
accounting for 88.3% of the country’s total Internet users [1]. Experts and scholars have
defined short-video apps as applications that feature videos ranging from several sec-
onds to a few minutes in length, including those generated by users and professionals.
Compared with traditional text-based and image-based social media applications, they
are more capable of meeting user demands for information and social interaction [2].
Due to fierce competition in the Chinese short-videomarket, players in the industry often
have difficulty differentiating their products. The market is currently dominated by the
top two players, Douyin and Kuaishou, thus leaving little space for similar products that
do not contain distinct features. In this context, rivals must quickly understand how to
meet the needs of short-video users, increase their product usage, and successfully retain
customers [2, 3].

Gross argued that thoughtful product design is the key to exceeding user expectations,
thus enhancing user adherence and satisfaction by giving the product a competitive edge
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through differentiation [4]. Regarding the UI system design for short-video apps, Zhang
et al. recommended that the ICONS and visual placements in the interface design of short
videoAPPs shouldmatch to users’ usage behaviors, whichmay improve the app’s usabil-
ity [5]. As for short videos on popular science, Zhang suggested that strict logic in con-
tent presentation and well-organized screen layouts and compositions could effectively
improve user browsing experiences, increase their access to knowledge, and encourage
interactions such as sharing and reposting [6]. Tian analyzed the design of Douyin, thus
identifying several characteristics of a good design, including a straightforward UI sys-
tem and features, a user-friendly screen layout, and intuitive operation [7]. As can be
seen, thoughtful user interface (UI) designs can simultaneously be aesthetically pleasing
while adequately guiding or facilitating user interactions, as both qualities increase the
usability of app pages [8]. But, among users, which design is themost popular?Question-
naires, user interviews, and other methods are commonly used in conventional research
to uncover experience concerns and understand consumers’ subjective preferences and
selection criteria [9, 10]. It’s also challenging to find the right words to explain some lit-
tle behaviors that are difficult for consumers to notice [9]. Eye tracking technology can
capture the user’s eye movement data while browsing page, and the data can objectively
reflect real user interaction behavior by identifying different behavior characteristics and
significance, which can assist product designers in deciding whether to improve, adapt,
or change the design to meet the users’ potential demand [9, 10].

In sum, the usability of short video apps is influenced by interface design and layout.
Users’ surfing experience can be improved by good interface design and layout, which
encourage interactions and increase user engagement and adherence. This study focused
on the Haokan Video App offered by Baidu, Inc., which relies on Baidu technology to
provide high-quality short videos for 110 million daily active users. Specifically, we
manipulated the UI designs of the app to conduct an eye-tracking experiment aimed at
understanding how different layout conditions affected users. We also obtained subjec-
tive data from participants via questionnaire survey. The main goal was to identify the
most preferred design option, thus informing the design of other short-video apps.

2 Research Methods

2.1 Experiment Objective

Using the UI design of the Haokan Video App and its different layouts, we aimed to
understand user preferences in relation to four conditions that were created by combining
two possible locations of the title and interaction area. Considering possible operations
while browsing through short videos, we also examined whether the layouts affected
their operational efficiency as it pertained to the interaction area.

2.2 Experiment Design

A 2× 2 within-subjects design was adopted for the experiment; Independent Variable 1
was the position of the title, which may appear above or below the video area (referred to
as “title above video” and “title below video,” respectively), while Independent Variable
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2 was related to the position of the interaction area, which may appear below the left
corner or right corner of the video area (referred to as “lower left interaction area” and
“lower right interaction area,” respectively). The following conditions were examined:
title above video and lower left interaction area (Condition A1), title below video and
lower left interaction area (Condition A2), title above video and lower right interaction
area (Condition A3), and title below video and lower right interaction area (Condition
A4). Figure 1 illustrates each condition.

Fig. 1. Experimental scheme

2.3 Experiment Materials

As scrolling through short videos is often a continuous, dynamic, and immersive expe-
rience, it was vital to replicate the real user experience during the experiment, thus
ensuring data validity. For this experiment, we developed the SDK version of Haokan
Video (as shown in Fig. 2), which contains the same features that are available in the offi-
cial version of the app, with four conditions for the test. The experimenter could switch
between different conditions during the experiment by selecting from the eye-tracking
UI types on the Haokan Video App’s settings page.

2.4 Experimental Environment and Equipment

The experiment was conducted in a laboratory setting to ensure a consistent operating
environment for each participant. We used the Tobii Pro Glasses 2 eye-tracking device,
which features wireless real-time observation capabilities and is ultra-lightweight, thus
allowing us to obtain the most natural visual behavior data. The device’s sampling
frequency was 60 Hz, which provides the pupil with images of optimal contrast for
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Fig. 2. SDK prototype

most indoor environments. The device captures the wearer’s eye movement trajectory
and analyzes their gaze (e.g., changes in gaze duration and frequency). To control for
additional effects induced by the cell phone screen and brightness, each participant used
the same brand and model (Huawei P30, resolution of 2340 × 1080), thus ensuring
consistent conditions during the experiment.

2.5 Experimental Process

Prior to the experiment, all participantswere given time to familiarize themselveswith the
phones and their operation, thus reducing the impact of differences between the experi-
ment phones and their personal phones. The experimenter then provided the participants
with explanations of the experimental process and relevant instructions. Following this,
the participants were required to complete a calibration process to ensure data accuracy.
The experiment formally began upon successful calibration. During the experiment,
the participants freely used the Haokan Video App under different conditions, with eye-
tracking data recorded during this time. To control for the learning effects, the conditions
were presented in the order determined by a Latin square. We also observed the natural
behaviors of participants during the experiment. If they did not click on the interactive
area, they were guided to finish the clicking task after browsing to end the eye-tracking
test. After they completed the experiment, we asked the participants to rate each design
option and explain their ratings (Fig. 3).
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Fig. 3. Experimental process

2.6 Participants

A total of 30 participants were enrolled in the experiment. All were considered target
users of the Haokan Video App and reflected the demographic structure of the app’s
user base. Due to the nature of the eye-tracking experiment, we excluded participants
with conditions such as high myopia, astigmatism, and/or other eye diseases. After
completing the experiment, each participant was rewarded with a gift card of appropriate
value (Table 1).

Table 1. Participant information

Variables Categories Number Percentage

Gender Male 16 55.0%

Female 14 45.0%

Age (years) 18–24 5 16.0%

25–30 7 24.0%

31–35 6 19.0%

36–40 5 16.0%

41–45 3 11.0%

Above 46 (inclusive) 5 15.0%

3 Data Analysis

3.1 Areas of Interest

Areas of interest (AOI) refers to gaze areas on the UI. These were examined as basic
units in the eye-tracking analysis. AOI may be responsive areas of the touch screen and
target areas in the experiment [11]. In this study, the Haokan Video UI was divided
into several different AOI for the purpose of recording and analyzing experimental data;
specific AOI included the title and interaction area (Fig. 4).
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Fig. 4. Areas of interest

3.2 Evaluation Dimensions

In this study, we evaluated the six following dimensions: salience, level of interest, ease
of operation, comfort design, aesthetic design, and preferred option. Saliency is related
to the human visual perception and reflects the visual attractiveness of UI elements [12].
We assessed saliency to understand which locations of the title and interaction area
were most conspicuous to participants. In relation to an image, visual experience entails
that the eye is drawn to different levels of interest in different areas. Researchers are
thus able to determine which areas of products are most interesting to users [13]. We
assessed the level of interest to understand which locations of the title and interaction
area were most effective for arousing user interest to gaze or tap. Intuitively, ease of
operation refers to the degree of ease users experience when engaging with responsive
areas (e.g., the interaction area). Visual comfort is typically evaluated based on data
obtained through surveys and post-experiment interviews with users; specifically, this
reflects the visual information and psychological perceptions that users acquire while
using an app [14]. The visual aesthetics of a product interface affect how it is experi-
enced and influence its usability; these qualities are most often subjectively evaluated by
designers or researchers, thus providing insights into the aesthetic feelings users develop
when engaging with products and aiding investigators in judging and obtaining aesthetic
expressions that match the psychological feelings of users [15]. Finally, we evaluated
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preferred option to clarify which design options users subjectively preferred, with a par-
ticular focus on their subjective preferences for the locations of the title and interaction
area.

3.3 Eye-Tracking Data and Their Interpretations

First fixation refers to the time it takes a participant to see an area for the first time.
The shorter the time, the earlier the participant notices the area; in turn, the area is more
salient. Visible scale, or the ratio of gaze, refers to the percentage of individuals who
see an area. The higher the percentage, the more individuals see the area; again, the area
is more salient [16]. Fixation time is calculated for a given AOI based on the browsing
time that participants spend in that area, thus reflecting their level of interest [17]. The
longer the time, the more interested the user is in that area. During the experiment, the
time between a participant’s obvious hand lifting action and their successful clicking of
the task area was recorded as the completion time of the clicking task. In addition, the
success rate of the first click was calculated as the ratio of participants who successfully
tapped on the task area in their first attempt to all 30 participants. These two indicators
were used to reflect the app’s ease of operation (Table 2).

Table 2. Indicator meanings and interpretations

Eye-tracking indicators Definitions Explanations

First fixation The time it takes for a
participant to see an AOI for the
first time after loading a page

The shorter the time, the earlier
the participant notices the AOI

Visible scale The percentage of all 30
participants who see an AOI

The higher the percentage, the
greater number of participants
who see the AOI

Fixation time Cumulative time spent looking
at an AOI

The longer the time, the more
interested the user is in the AOI

Completion time of the
clicking task

The user (spontaneously or
prompted) produces a visible
action of the lifting of the hand
and clicking on the task area. It
is the time between the two
movements

The shorter the time, the easier
the operation

The success rate of the
first click

The user (spontaneously or
prompted) clicks on the task area
The rate is the percentage of all
30 participants who were
successful in their first attempts

The higher the rate, the easier
the operation
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4 Results

4.1 Eye-Tracking Data Analysis

Eye movement data and subjective data are separated from the experimental data. The
eye tracker automatically collects eye movement data, and when the data is generated,
all values are averaged, and the final data preserves one decimal place. After the eye
movement test, the subjective data was collected by filling out a questionnaire.

Title Position
By comparing the eye-tracking data for different title positions, we found that each
position was associated with different participant behaviors (see Table 3). For example,
the first fixation for the title above video condition was 421.8 ms (A1) and 540.7 ms (A2)
whichwas shorter than that for the title below video condition, which took 586.7ms (A3)
and 709.9 ms (A4). Simultaneously, the visible scale for the title above video condition
was 80.0% (A1) and 86.7% (A2), which is significantly larger than the visible scale for
the title below video condition. This suggests that the title above video condition is more
salient and easier for users to find. Moreover, the fixation time for the title above video
condition was 198.0 ms (A1) and 286.3 ms (A2), which is longer than that for the tile
below video condition. This indicates that the former condition produced higher user
interest and increased the willingness to view the title.

Table 3. Data on title position

Eye-tracking indicators Title above video Title below video

A1 A3 A2 A4

First fixation/ms 421.8 540.7 586.7 709.9

Visible scale 80.0% 86.7% 56.7% 50.0%

Fixation time/ms 198.0 286.3 136.3 192.0

The typical user track map shows that users will quickly check up on the title for the
title above video condition, but for the title below video condition, users will explore
the video more times, be more distracted by other components in the interface, and later
browse the title (Fig. 5).

Position of Interaction Area
The first fixation for the lower right interaction area was 755.3 ms (A3) and 728.7 ms
(A4)whichwas shorter than that for the lower left interaction area, which took 1164.0ms
(A1) and 1036.0ms (A2). The visible scale for the lower right interaction areawas 43.3%
(A3) and 56.6% (A4), which is significantly higher than the visible scale for the lower
left interaction area (Table 4). This indicates that the lower right interaction area was
both more salient and more attractive to users. Further, the fixation time for the lower
right interaction area was 456.4 ms (A3) and 340.6 ms (A4), which is longer than that
for the lower left interaction area, thus suggesting that it more effectively aroused user
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Fig. 5. Track map

interest. Regarding the ease of operation, the clicking task took less time to complete for
the lower right interaction area when compared to that for the lower left interaction area,
although the success rate for the first click was roughly identical. Still, this suggests that
the lower right interaction area was easier to operate than the lower left interaction area.

Table 4. Data on interaction area position

Eye-tracking indicators Lower left interaction
area

Lower right interaction
area

A1 A2 A3 A4

First fixation/ms 1164.0 1036.0 755.3 728.7

Visible scale 43.3% 36.6% 43.3% 56.6%

Fixation time/ms 335.0 226.3 456.3 346.0

Completion time of the click task/ms 442.6 392.4 382.3 360.6

The success rate of the first click 86.7% 93.3% 90.0% 86.7%
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Based on the number of fixations, we superimposed the data from all 30 participants
to obtain a heat map reflecting their browsing and fixation behaviors (Fig. 6). The redder
the area, the stronger the user attraction; as shown, the title above video and lower right
interaction area were most attractive.

Fig. 6. Heat map

In sum, the eye-tracking data revealed that the title above video was associated with
better salience and higher interest than the title belowvideo. For salience, level of interest,
and ease of operation, the lower right interaction area was more favorable than the lower
left interaction area. Overall, a significant advantage is produced when the title above
video and lower right interaction area are combined.

4.2 Subjective Rating Results

As shown in Table 5, Condition A3 (title above video and lower right interaction area)
had the highest subjective ratings, at 4.17 for comfort design and 4.23 for aesthetics.
To test whether for differences between user scores for different design conditions in
terms of aesthetics and comfort, we conducted a repeated measures ANOVA on the

Table 5. Aesthetic and comfort ratings for different design conditions

Experimental scheme Aesthetic design Comfort design

M SD M SD

A1 title above video and lower left interaction area 3.60 0.89 3.37 0.85

A3 title above video and lower right interaction area 4.23 0.82 4.17 0.87

A2 title below video and lower left interaction area 3.30 1.15 2.97 1.19

A4 title below video and lower right interaction area 3.83 0.99 3.83 1.17
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questionnaire data. The results showed that the main effects of design aesthetics differed
significantly for design conditions with different interaction area positions (F= 14.77, p
< 0.05), while neither the main effects of the title position (F = 2.36, p > 0.05) nor the
interaction between the positions of the title and interaction area were significant. The
main effects of comfort design differed significantly for design conditions with different
interaction area positions (F = 33.26, p < 0.05), while neither the main effects of the
title position (F = 2.17, p > 0.05) nor the interaction between the positions of the title
and interaction area were significant. In regard to aesthetics and comfort design, these
results indicate that the lower right interaction area was a better option than the lower
left interaction area.

We also conducted a questionnaire survey to assess subjective preferences for the
positions of the title and interaction area. As shown in Fig. 7, 63% of participants
preferred the title above video, while 27% preferred the opposite. As shown in Fig. 8,
73%of users preferred the lower right interaction area, while 17%preferred the opposite.
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Fig. 7. Proportions for title position preference

As shown in Fig. 9, 60% of participants preferred ConditionA3. In other words, most
participants preferred the combination of title above video and lower right interaction
area.

To conclude, both the objective eye-tracking data and subjective questionnaire data
showed that users preferred the UI design with the title above video and lower right
interaction area; that is, Condition A3 was the most preferred.
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Fig. 9. Proportions for design scheme preference

5 Discussion

This study explored both usability and user preference for four design conditions for the
HaokanVideoApp. The results suggested that ConditionA3 (title above video and lower
right interaction area) was the most preferred. Our qualitative analysis indicated that this
preference could be explained by the fact that title above video was more salient; therein,
it is easier for users to decide whether to watch the recommended video based on the
contents of the title.Moreover, the HaokanVideoApp lists videos that are comparatively
medium to long in duration, with no title presented on the preview image. As users need
additional information to make quick judgments about video contents, the title above
video arrangement is more user-friendly for those types of videos. By contrast, the title
below video arrangement makes it more difficult for users to distinguish between the
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title and recommendation area. Additional design elements on the lower part of the
screen create visual crowding. We posit that users who preferred the title below video
arrangement may have been accustomed to Douyin and Kuaishou, which list videos that
are shorter and contain less relevant titles. Users generally judge contents very quickly,
during the first few seconds, and can easily scroll to another video if they do not like the
one presented.

Regarding the interaction area position, most users preferred the lower right inter-
action area because it was congruent with their existing habits and generated a better
experience. A previous survey found that about 90% of people are right-handed [18].
This suggests that most users would be more satisfied with the lower right interaction
area. Moreover, observations during the experiment showed that one-handed operations
were easier because the lower right interaction area was closer to the right thumb, thus
facilitating usage without the need to change the holding position or hand. For these
same reasons, the users perceived better aesthetics and comfort design. To the contrary,
the lower left interaction area may force right-handed users to adjust their holding posi-
tion or switch to their other hand to click on items. These additional actions may both
be annoying and increase the time it takes to click on the interaction area. However,
regardless of whether the lower left or lower right interaction area was implemented, no
significant differences were observed in the success rate of clicking on the interaction
area when the thumb operation area was nearby.

Overall, users preferred Condition A3. First, the title was placed above the video,
making is easier to find and reflecting the existing browsing habits of users. Moreover,
visual comfort was increased by avoiding arrangements with crowded and redundant
middle sections of the screen. Second, A3 represented a regular layout that reflected
existing cognitive habits. Third, the lower right interaction area in A3 catered to the
existing operating habits of users.

6 Concluding Remarks

In this study, we used two research methods (an eye-tracking experiment and question-
naire survey) to explore user preferences for different UI designs implemented via the
Haokan Video App. The experiment helped us understand the attention distributions
of users when using the app in a natural setting based on objective recordings of their
behaviors. During this time, we achieved additional benefits by observing users and
inquiring about their usage. As such, any problems with lag, mistaken touches, click
unresponsiveness, and/or interactional operations could be more easily recorded and
effectively detected. While recorded footage was better than textual descriptions in this
context, we omit extensive discussions for brevity.

Following the eye-tracking experiment, we conducted a questionnaire survey to ana-
lyze subjective user preferences for different design conditions. Compared with either
research method alone, the combined approach adopted in this study supplemented
objective information with subjective judgment, this enabling us to draw more reason-
able and effective conclusions. Moreover, the Haokan Video App designers launched a
version tailored to Condition A3 based on our findings. Excellent performance based on
subsequently obtained online data verified these results. However, we only considered
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the design and layout of the title position and interaction area position. In other words, we
did not assess other design elements of the Haokan Video App, including the video area
and related recommendation area, nor did we examine how the title contents or video
types affected users. In the future, comprehensive studies should explore the effects of
these elements on browsing behaviors and operations.
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Abstract. The integrated chair we choose is already a well-designed product,
but we’re still trying to find design flaws that are harder to spot through usability
evaluation. This paper evaluates the usability of the product from the perspectives
of ease of learning, ease of use, task match, user satisfaction, and ergonomics. In
order to complete the usability evaluation, the experiment was designed accord-
ingly. In this process, methods such as field observation, questionnaire survey, and
user interview were used to find out the deep pain points and improve the design
of more mature products.

Keywords: Usability evaluation · Ergonomics · Redesign · Integrated chair

1 Product Introduction

Learn2 seating (see Fig. 1) is an all-in-one desk and chair, but its usage scenarios are
different from traditional all-in-one desks and chairs. This product is mainly to facilitate
students to communicate and discuss in the process of learning and stimulate creativity,
so it has the advantages of high adjustability and flexible movement.

However, in the process of using, we found that most users have difficulties in using
and other problems. Therefore, a usability evaluation was carried out for the design of
Learn2 seating. First, the user journey map was sorted out, and task analysis was carried
out around the use of Learn2. Second, according to the characteristics of the target
users and the use environment of Learn2, reasonable evaluation methods and evaluation
models are screened. Last, combined with the evaluation results, we can screen the pain
points, so as to carry out targeted redesign.

2 User Journey Map

In order to directly and clearly describe the user’s human-computer interaction experi-
ence from the user’s point of view, the method of creating a user journey map is adopted
to visualize a series of tasks of using Learn2 (see Fig. 2).

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
M. M. Soares et al. (Eds.): HCII 2022, LNCS 13321, pp. 428–446, 2022.
https://doi.org/10.1007/978-3-031-05897-4_30

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-05897-4_30&domain=pdf
https://doi.org/10.1007/978-3-031-05897-4_30


Usability Evaluation and Redesign of an Integrated Chair 429

Fig. 1. Learn2 seating

Fig. 2. User journey map of Learn2 seating

3 Usability Evaluation

3.1 Models and Methods of Usability Evaluation

Models of Usability Evaluation. Usability is user-centered design, which is used to
measure the effectiveness, efficiency, satisfaction, etc. of a specific user in the process
of using a product in a specific scenario.

Leventhal andBarnesUsabilityModel not only involves user characteristics, product
interface design, but also evaluates various tasks in the process of using the product.
Combined with the characteristics of the product’s target users and use environment, the
model is more suitable for the usability evaluation of learn2.

The principles of this model are shown in Fig. 3. Based on the characteristics of this
product, four principles are selected for usability evaluation.
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Fig. 3. Leventhal and barnes usability model.

Methods for Usability Evaluation. Usability evaluation methods generally include
both empirical methods and non-empirical methods. Combined with the characteris-
tics of product and usability evaluation model, the selected evaluation method is shown
in the Table 1.

Table 1. The selected methods for usability evaluation.

Methods Reason for choice

Empirical 

methods

Controlled experiments
Experiments are usually carried out under strictly controlled conditions, so it is possible to objectively and truly record the 

different problems that different users have in the process of using the product.

Field observation
It is possible to observe the user's use of the product in a natural state, and obtain more realistic data. But avoid lookingdirectly 

at the subject and minimise the impact on the subject, which may change the way they normally use the product.

Questionnaires It can quickly obtain the usage of the product by a large number of users, and it is easier to obtain general data.

Interviews
By directly interviewing respondents, you can gain a deep understanding of us er needs and uncover real pain points. It makes 

up for the lack of data depth of the questionnaire survey.

Non-Empirical 

methods

Task analyses Predict what difficulties users will encounter when completing specific tasks without user involvement.

Cognitive walkthroughs
The process of using the product can be decomposed into a series of tasks, and then the tasks can be further decomposed into a 

series of activities, so that it is easier to gain insight into the pain points in the process of using the product

3.2 Usability Evaluation Based on Leventhal and Barnes Usability Model

Ease of Use and Ease of Learning. To evaluate the Ease of use and Ease of learning,
we designed an experiment and observed it in the field. And recorded video, detailed
analysis of the use of different users.

Design Experiment. The experiment focus on the common actions of Learn2. After task
analysis, three tasks (6 actions) are designed, as shown in the Fig. 5 for details. In
the experiment, 5 subjects were recruited. Combined with the recorded video, the sub-
jects’ use of Learn2 was repeatedly observed. After analysis and thinking, we choose
three indicators to evaluate the Ease of use and Ease of learning of Learn2: time, mis-
takes and task completion. The detailed design of the experiment is shown in the
Table 2.
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Table 2. The detailed design of the experiment.

Task Behavior
Principle

Ease of use Ease of learning Task match User satisfaction

Task 1:  
Sit down

1. Choose a desk and chair, place your bag,stationery, etc.

2. Sit down in your comfortable position, and prepare for class.

Task 2:  
Sedentary

1. Imagine that you are listening to the teacher for at least one hour.

2. Imagine you need to take notes and record the specified sentence.

3. Imagine you want to hand a pen to a classmate who is 2 meters 

away from you, behind the left.

4. You need to transform your desktop from the current orientation 

to the other side

Task 3:  
Leave

1.Pack up your bags, stationery, etc. and get up. 

2.Return the tables and chairs to their original appearance, place them 

in the designated positions, and leave the classroom.

NOTICE
The staff timed each task separately and recorded data such as error rate and accuracy rate.

A video will be recorded when subjects participate in the experiment, but only for observation and analysis by the experimenter,              

and no personal information will be disclosed.

Observations of the Experiment. The dynamic movement and static sitting position of
5 subjects were observed respectively (see Fig. 4).
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Dynamic observation

Static observation

The ease of use of the shelf The ease of rotation of the desktop

The ease of control of the scroll wheel The stability of item placement

The crampedness of the desktop space The comfort of the sitting position

The utilization rate of the shelf

Fig. 4. Dynamic and Static sitting observation

Theusage andduration of different subjectswere recorded, as shown in theTable 3 for
details. The errors and task completion of all subjects were comprehensively recorded,
as shown in the Table 4 for details.
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Table 3. Observation record of the experiment.

Table 4. Observation record of the experiment.

Analysis of the Experiment. By repeatedly observing the usage 5 different users, record-
ing the indicators of the time, mistakes, task completion, the following conclusions
are obtained:

(1) Learn2 basically cannot meet the needs of users to place items. Most users will not
use the shelf located at the bottom of Learn2 or will have a poor experience while
using it.

(2) Compared with traditional integrated desks and chairs, users can achieve 100% task
completion when using Learn2, but it takes longer to learn.
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(3) Learn2 is highly flexible and therefore highly adjustable. However, in the two task
of rotating the table and changing the left and right positions of the table, subjects
need to make several attempts to complete the specified action, and the error rate
is high in this process.

Usability Evaluation. In terms of ease of use, it is evaluated from two dimensions: task
completion efficiency and task completion effect:

(1) Efficient: According to the comparison between the subjects’ average time to com-
plete the task and the time of the control group (commonmatching desks and chairs),
the task completion time of the smart desks and chairs is relatively long, and the
task completion efficiency is low.

(2) Effect:All subjects completed the three designated tasks, but the functions ofLearn2
were not fully used in the process. The amount of tasks completed reached the
standard, but it was observed that the quality of task completion was not high. In
terms of ease of learning. When completing the designated task of rotating the
desktop, most subjects need to make multiple attempts to successfully complete
the task, and even some subjects are close to giving up the task, and the learning
error rate is high, indicating that the product is not easy to learn.

Conclusion. After the experiment, a series of pain points are summarized, as shown in
Table 5.

Table 5. Pain points.

Task Match. To evaluate the Task match of Learn2, we conducted a questionnaire.
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Design of Questionnaire. In order to design the specific question of the questionnaire,
the user journey map is firstly analyzed, and some major pain points are screened pelim-
inarily. After thinking and analysis, we found that the problems of Task match were
mainly concentrated in two aspects: unclear signification design and too much flexibility
between table and chair structures.

The former leads to users not understanding the partial functions of the product1,
while the latter leads to knowhow touse the product. Therefore, aiming at the twoaspects:
signification design, flexibility between structures, the questionnaire was designed, and
56 valid questionnaires were collected in total.

Usability Evaluation. In order to evaluate the Task match of Learn2 Seating, the anal-
ysis is mainly carried out from two aspects: signification design, flexibility between
structures. In terms of signification design: It mainly focuses on the desktop and shelf.
The questionnaire data, result analysis and evaluation are shown in the Table 6.

In terms of flexibility between structures: The adjustable structure of Learn2 seating
mainly includes four parts. The questionnaire data, result analysis and evaluation are
shown in the Table 7.

User Satisfaction. To evaluate the User satisfaction of Learn2 seating, we conducted a
questionnaire and user interview.

Questionnaire. In order to evaluate the user satisfaction of Learn2, the design of specific
questions in the questionnaire mainly focuses on ease of use, practicality, aesthetics,
comfort and overall satisfaction. The subjects were asked to rate them on a scale of 1
to 5. And 56 valid questionnaires were collected in total. The questionnaire data, result
analysis and evaluation are shown below.

In terms of ease of use, practicality, aesthetics: Nearly 80% of users’ scores for ease
of use and practicality are concentrated in 3 and 4, and nearly 70% of users’ scores
for aesthetics are concentrated in 3 and 4—which means the most users’ scores are
concentrated in 3 and 4 points (see Fig. 5).

So most users are satisfied with the ease of use, practicality and aesthetics of the
product.

In terms of comfort: About 41% of users gave 3 points, about 33% of users gave it
a score of less than 3, and about 25% of users gave it a score of higher than 3—which
means the score for comfort is relatively neutral, but the overall score is low, so most
users are less satisfied with comfort (see Fig. 6).

So most users are not satisfied with the comfort of the product.
In terms of overall satisfaction: About 53% of users gave 3 points, about 9% of users

were lower than 3 points, and about 37% of users were higher than 3 points—which
means the overall satisfaction score is relatively neutral, but the overall score is high,
so most users have a good overall satisfaction with the product (see Fig. 6). However,
nearly 18% of users still expressed their unwillingness to use the product again, which

1 1. Donald A. Norman. Design Psychology [M]. Beijing: CITIC Press, 2015.
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Table 6. The evaluation of the signification design.

Item Questionnair e Data Analysis Usability Analysis Evaluation

Desktop bar

groove

What do you think is the

role of the strip grooves on

the desktop?

About 67% of users

think it is to put a pen,

about 30% of users

think it is to prevent

items from falling, and

the remaining 37% of

users are unclear.

By contacting the

manufacturer, the author

learned that the desktop

bar-shaped groove is

equivalent to a card slot. The

main function is to prevent the

desktop items from falling, but

most users mistake it for a pen.

Unreasonable

Desktop circular

groove

What do you think the

circular grooves on the

desktop do?

About 55% of users

said they did not know,

about 35% of users

thought it was the focus

of adjusting the

desktop, and 8% of

users thought it was to

place the eraser.

By contacting the

manufacturer, the author

learned that the circular groove

on the desktop is the focal

point for adjusting the desktop,

but the vast majority of users

said they did not know its

function.

Unreasonable

Shelve Q1:Based on your

experience, what kind of

items do you usually use

this shelf for?

Q2:Based on your

experience,do you think thi

s shelf meets your storage n

eeds?

About 94% of users

will use this shelf, and

the usage rate is

extremely high.

However, about 75% of

users believe that the

design of the shelf does

not meet their needs for

placing items, and there

are problems such as

unreasonable structure

and small space.

The vast majority of users

know its storage function, and

the usage rate is high, so the

symbol design is clear.

However, the vast majority of

users believe that the design of

the rack is unreasonable and

does not meet their needs for

placing items.

Unreasonable

Round hole in

the shelf

According to your

experience, what kind of

items do you usually put in

this hole on the shelf ?

About 84% of users

will use the holes on

this shelf for placing

water glasses, drinks,

umbrellas, etc. Only

16% of users would not

use it.

The usage rate is high, so

the signification design is

clear.

Reasonable

to a certain extent indicates that there are major defects in some designs of the product
(see Fig. 7).

So most users are satisfied with the product as a whole, but there are major defects
in some designs of the product.

User Interviews. The questionnaire survey is only a preliminary understanding of the
user’s usage, but in order to understand the user’s inner needs and eliminate false needs,
it is necessary to conduct more in-depth user interviews.
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Table 7. The evaluation of the flexibility between structures.

Item Questionnair e Data Analysis Usability Analysis Evaluation

Back and forth movement of

the desktop

Based on your experience,

do you think the desktop

can be pushed back and

forth?

About 92% of users

know that the desktop

can be moved back

and forth, and only 8%

of users do not know.

The vast majority of

users know that the

desktop can be moved

back and forth, so the

signification design is

clear.

Reasonable

Desktop Rotation Based on your experience,

do you think the desktop

can be rotated?

About 90% of

users know that the

desktop can be rotated,

and only 10% of users

do not know that the

desktop can be rotated,

or think that the

desktop cannot be

rotated.

The vast majority of

users know that the

desktop can be rotated,

so the signification

design is clear.

Reasonable

Stool surface rotation According to your

experience, do you think

the stool surface can be

rotated?

About 57% of

users know that the

stool surface can be

rotated, and about 43%

of users do not know

that the stool surface

can be rotated, or think

that the stool surface

cannot be rotated.

Most users know

that the stool surface can

be rotated, but there are

still a large proportion

of users who do not

know that the stool

surface can be rotated,

or think that the stool

surface cannot be

rotated, so the

signification design is

not clear.

Unreasonable

Crossbar rotation

(crossbar: between table top

and stool surface)

Based on your experience,

do you think the crossbar

between the table top and

the stool surface can be

rotated?

About 70% of users

know that the bar can

be rotated, and about

30% of users do not

know that the bar can

be rotated.

The vast majority of

users know that the bar

can be rotated to control

the position of the

desktop, so the

signification design is

clear.

Reasonable

In order to mine the core demands of users, the author conducted user interviews
with 5 users. Through face-to-face communication, a more in-depth, focused and qual-
ity communication was conducted. Accordingly, more in-depth pain points have been
excavated.

The user interview content is shown in the Table 8. After sorting out and analyzing
the content of user interviews, it is found that most users’ problems mainly focus on
goods storage, difficulty in rotating the desktop and uncomfortable sitting.
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Fig. 5. The data of ease of use, practicality and aesthetics

Fig. 6. The data of comfort

Fig. 7. The data of satisfaction

Most users think that the structural design of the purchase frame is unreasonable,
the space is too small, and does not meet the demand of goods receiving. Although the
signifier design between structures is reasonable, it is still difficult to use, and the ease
of use is poor. And learning is also more difficult, need to go through a certain attempt,
so easy to learn poor. In addition, a considerable number of users said that the product
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Table 8. Recording of user interviews.

subjects content

Evaluation

Ease of use Ease of learning Task match User 

satisfaction

User 1

The user said that the structural design of the shelf was unreasonable, and he was unwilling to place the 

schoolbag there. And thinks that the hole on the shelf is for garbage, and is not willing to put the water cup on 

the shelf. All items can only be placed on the table, resulting in too many items on the table, insufficient space 

and very crowded.

User 2
The user believes that the comfort of this set of tables and chairs is poor, and the sitting posture is relatively 

restrained due to the cramped space. Compared with traditional desks and chairs, after sitting for a long time, it 

is easier to feel lower back pain.

User 3

The user said that it is more expensive to learn to move the desktop from the left to the right, and that the 

desktop on the left or right side of the body has no effect on him.

In addition, the user said that the design of the shelf is unreasonable, and heis not willing to put the schoolbag 

on the shelf, but because there is no other place to put it, he can only put it there.

User  4
The user said that he did not know that the holes on the shelf were used to put water cups, and he was still 

reluctant to put the water cups on the shelf even after he knew that the water cups could be placed. Users think 

that the shelf is made of steel, which may bump the water cup and cause psychological discomfort.

User  5

The user felt that there were too many places to rotate between the structures and too much flexibility. A certain 

task can only be completed after a reasonable combination, but it increases the user's learning burden.

In addition, the user believes that there is a big problem with placing the item. I don't want to put things on the 

shelf, but everything is on the table, which makes the table space very cramped.

space is cramped, feel uncomfortable when using. And sitting a little longer, there will
be back pain.

Therefore, there may be some problems in the ergonomic design of the product, so
we then analyze the ergonomic design of the product.

3.3 Usability Evaluation Based on Human Factor Engineering

Some users said that the comfort of this set of desks and chairs is poor, and the sitting
posture is more restrained due to the cramped space. Compared with traditional desks
and chairs, after sitting for a long time, it is easier to feel lower back pain.

Therefore, measure the relevant dimensions, and analyze whether the size design of
the tables and chairs is reasonable from the perspective of human factors engineering.

Measurement. In order to get relevant data, we conducted data measurement on the
smart table and chair. The relevant measurement data are shown in Table 9.

Size Analysis. This part mainly analyzes the size of the stool surface and the table-
top. According to the principle of ergonomics, the determination of product functional
size is divided into five steps: determine the type of product, select the percentage of
human body, determine the functional correction amount, determine the psychological
correction amount, and set the product functional size2.

2 Ding Yulan. Ergonomics [M]. Beijing: Beijing Institute of Technology Press, 2011.4.
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Table 9. Dimensional drawing of the product.

Stool Surface. First, select the appropriate percentile of the human body in combination
with the product type. Second, select the corresponding percentile from the table, and
consider the functional correction amount and the psychological correction amount, and
set the size of the seat width, seat depth and seat height respectively. The calculation
results are as follows:

(1) Seat width: the left and right distance of the single seat surface. It must meet the
required width between the elbows in the natural position in the sitting position.
Considering that most operators are to be accommodated, the hip width of the adult
female P95 is selected. Considering the thickness and allowance of the clothes,
leave 13 mm on the left and right sides.

Seat width = 382+ 13× 2 = 408 mm. (1)

(2) Seat depth: the distance in front of and behind the seat. Select the sitting depth size
of adult female P5, and consider the functional modification items: clothing and
hip-knee distance to ensure that the hips can be fully supported.

Seat depth = 401+ 13+ 5 = 419 mm. (2)

(3) Seat height: the vertical distance from the stool surface to the ground. Choose adult
women’s P5 calf to increase the foot height, and consider the heel height at the
same time to ensure that the foot can be placed on the ground naturally.

Seat height = 342+ 38 = 380 mm. (3)

Tabletop. According to the relevant theories of ergonomics and biomechanics, four
indicators, such as neck bending angle, trunk angle, elbowheight, and visual distance, are
selected to evaluate the health status of sitting posture under different desktop heights3,
The four indicators and their weights are shown in the Table 10.

3 Yi Xiqiong, Chen Haomiao, Shen Liming.Research on the height optimization of desk table
top based on ergonomics[J].Packaging Engineering,2011,32(04):44–46?+?73.
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Table 10. The weights of the four indicators.

According to relevant papers, when the height of the desktop is 790 mm, the value
of the trunk angle is the smallest (the smaller the trunk angle, the closer the curvature of
the spine is to the natural standing state), and the mean value of the curvature of the neck
is also the smallest at this time, which is more conducive to the health of the cervical
spine; When the table top height is 710 mm, the elbows are placed most reasonably and
the eyes are the most comfortable.

Combined with the weight of each index, as the Table 11 shows, the optimal height
of the desktop is calculated to be 770 mm.

Table 11. The weight of each index.

Improved Size. In summary, according to the relevant theories of ergonomics and
biomechanics, the more reasonable table height, seat width, seat depth, seat height,
and the evaluation results are shown in the Fig. 8.
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Fig. 8. Improved size

Human Hand Grasp Analysis. The human hand has great flexibility. From the point
of view of grasping action, it can be divided into force grasping and precise grasping4.
The use of this product only involves the force grip, namely the hole above the seat back
and the circular force point on the table top (see Fig. 9).

Fig. 9. Learn2’s hand grasp design

When grasping forcefully, the grasping axis is almost perpendicular to the forearm,
the slightly bent fingers form a grip with the palm, and the thumb exerts force, as shown
in Fig. 9. And during use, keep your wrist in a straight state all the time. It can be seen
that the two partial designs of the product are unreasonable.

4 Ding Yulan. Ergonomics [M]. Beijing: Beijing Institute of Technology Press, 2011.4.
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4 Summary of Usability Evaluation

After evaluating the usability of Learn2 from different aspects, a series of pain points
are summarized, as shown in Table 12.

To sumup, the user’s problems aremainly concentrated in three aspects: item storage,
difficulty in turning the desktop, and uncomfortable sitting and standing.

1. Most users think that the structural design of the rack is unreasonable, the space is
too small, and it does not meet the needs of item storage.

2. Although the design of the signification design between structures is reasonable, it
is still difficult to use and the ease of use is poor. And it is more difficult to learn,
and it needs to go through a certain trial, so it is less easy to learn.

3. In addition, quite a number of users said that the space of the product is cramped
and they feel uncomfortable when using it. And sitting for a long time, there will be
back pain.

Table 12. The summary of pain points.

For the subsequent improvement of the design, some necessary pain points were
screened out, and corresponding design points were proposed for these pain points, as
shown in Table 13. There are three filter criteria:

1. The problem is prominent.
2. Urgent needs of users.
3. Large room for improvement.
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Table 13. Pain point selection

Modifiable pain points Design points

Insufficient shelf space Shelf structure

The position of the cup groove is unreasonable and the
utilization rate is low

Shelf structure

Desk angle is not adjustable Desktop structure

Unclear semantics of desktop grooves Signification design of desktop

The grip design of the seat back handle is unreasonable Chair back handle design

Sitting for long periods of time is not breathable Optimization of the stool surface

5 Redesign

We redesigned Learn2 seating based on usability evaluation. Actively looking for solu-
tions to the problems we found, and ultimately presenting an improved design. The final
redesign display effect is shown in Fig. 10.

Fig. 10. The final redesign of Learn2

As shown in the Fig. 10, the main design points of the redesign are:

1. Shelf structure
2. Desktop structure
3. Ideographs of desktop-related structures
4. Chair back handle design
5. Optimization of the stool surface

5.1 Shelf Structure

The redesign of the shelf mainly includes two parts, as shown in Table 14:
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Table 14. The redesign of the shelf.

Redesign Design point Evaluation

Horizontal storage

space

Ease of use

Before After

Shift the position

of the hole for the

water cup

Task match

Before After

(1) The bottom shelf in the original design was improved from two slopes to one slope
and one horizontal storage space.

(2) Shift the position of the hole for the water cup from the center to the front side.

5.2 Desktop Structure

The redesign of the desktop structure includes two parts, as shown in Table 15:

(1) The desktop is improved to a tabletop with adjustable tilt angle.
(2) Design drop-stop baffles for sloping desktop.

Table 15. The redesign of the desktop structure.

Redesign Design point Evaluation

A tabletop with

adjustable tilt angle

Ease of use

Before After

Drop-stop baffles

for sloping desktop

Ease of learn

Before After
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5.3 Signification Design of Desktop

The redesign of the signification design of desktop mainly includes two parts, as shown
in Table 16:

(1) The round hole on the table is a reminder for the force point itself, and then it is
designed to be moved to the corner of the table, which is more convenient for force.

(2) Design symbol for the desktop anti-drop bezel, tap to pop out the bezel.

Table 16. The redesign of the signification design of desktop.

Redesign Design point Evaluation

Move the position

of the force point

Ease of use

Before After

Symbol for the

drop-stop baffles

for sloping desktop

Task match

Before After

5.4 Chair Back Handle Design

The redesign of the handle mainly includes two parts, as shown in Table 17:

(1) Shift the position of the handle from the middle of the seat back to the side of the
seat back.

(2) Expand the arc of the handle to adapt to the direction of the hand.
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Table 17. The redesign of the handle.

Redesign

Evaluation

Move the position and

shape of the hole to the side

Expand the arc of

the handle

Ease of use Task match

Before

After

5.5 Optimization of the Stool Surface

Table 18. The redesign of the stool surface.

Redesign

Evaluation

Make holes in the stool surface

Ease of use

Before

After

The redesign of the stool surface mainly includes one parts, as shown in Table 18:
Make holes in the stool surface to make the stool surface breathable.
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Abstract. Mobile payment has become popular in China recently. However,
China’s population is aging rapidly at the same time. Therefore, it is necessary to
explore factors that can affect the elderly to accept mobile payment. By adding two
constructs of trust and social influence, this study proposed an extended TAM, and
a questionnaire survey was conducted among the Chinese elderly. Structural equa-
tion modeling (SEM) was used to analyze the data. Results show that the model
explains 77.3% of the variance in behavioral intention. Besides, perceived useful-
ness and social influence significantly and positively affect behavioral intention,
while trust does not. This result demonstrates that what matters is the usefulness
and influence from important others, but not the promise provided by mobile pay-
ment platforms. Based on the results, this study provides suggestions for the future
development of mobile payment.
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1 Technology Acceptance Model; Mobile Payment; The Elderly

In recent years, a variety of innovative technologies have made people’s life more and
more convenient. However, the problem of population aging is also intensifying, and
there will be an increasing number of people over 65 in the world population in the
coming decades. According to Seventh National Population Census, the number of
elderly people over the age of 65 has reached 190 million, accounting for 13.5% of
China’s total population (National Bureau of Statistics of China 2021). In this context,
society has begun to increase the care for the elderly, and technology companies have
launched corresponding measures to meet the needs of the elderly, like applications
for the elderly. In the academic world, studies have gradually turned to focus on the
technology acceptance of the elderly, exploring factors that can help the elderly better
adapt to the digital life, so as to provide some design suggestions.

Since the rise of mobile Internet technology, people’s lives have undergone earth-
shaking changes. Various mobile services are rapidly popularized (like mobile payment,
mobile games, mobile food ordering services, etc.), especially mobile payment services,
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whosemarket scale keeps expanding. According to the 47th Statistical Report onChina’s
Internet Development, as of December 2020, China had 853 million mobile payment
users (CNNIC February 2021). Due to its convenience, security, and speed, mobile
payment attracts users of all ages, even the elderly user group. Some recent studies have
focused on the adoption of mobile payment by the elderly. For example, Cham et al.
(2021) indicated that the elderly’s psychological obstacles (e.g., lack of trust, technology
anxiety) and risk obstacles may lead to their resistance to mobile payment. In addition,
Hanif and Lallie (2021) indicated that the elderly’s perceived cyber security risk has
a significant influence on their intention to use mobile banking applications. However,
research (Li and Jia 2021) also showed that the use of the Internet can improve themental
health of middle-aged and elderly people, and has a greater effect on the mental health
of the elderly.

At present, mobile payment is prevalent in China, and the elderly population is
gradually increasing.On the onehand, it is an inevitable trend for the elderly to usemobile
payment systems. On the other hand, the physical and psychological characteristics of
the elderly may hinder their use of mobile payment. In order to better understand the
acceptance ofmobile payment among the elderly inChina and its determinants, this study
extended the Technology Acceptance Model (TAM) by adding trust and social influence
in themodel, and finally provided suggestions for future development ofmobile payment
based on the research results.

The rest of this paper is organized as follows: Sect. 2 is a literature review on mobile
payment, characteristics of the elderly, and TAM. Section 3 presents the research model
and research hypotheses. Section 4 presents the research methodology and the analysis
results. Section 5 presented discussions of the results and outlines the conclusion.

2 Literature Review

2.1 Mobile Payment

Mobile payment refers to the behavior of users using mobile devices to complete pay-
ments. Consumers can use devices like mobile phones to pay for various services or
digital and physical goods without cash, checks, or credit cards (Bai 2020). Driven by
the Chinese government, telecom operators, third-party payment enterprises, and tech-
nological development, the mobile payment market of China has witnessed explosive
growth (Zhao et al. 2022). Nowadays, many people can’t live without mobile payment
in China, and some of them no longer carry and use cash in their daily life.

Studies found that different people have different perceptions about mobile payment.
Chen et al. (2021) showed that users who prefer traditional payment methods tend to find
mobile payment risky and not suitable for use. While more innovative users find mobile
payment convenient, low-risk, and fun. In terms of different countries, Fan et al. (2018)
found that payment culture and perceived security had significantly smaller influences
on trust in the United States than in China.

2.2 Physical and Psychological Characteristics of the Elderly

The elderly are often characterized by poor sensory perception and cognitive ability. In
terms of sensory, the elderly may have blurred vision, deafness, poor ability to touch
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accurately, and other problems (Bai 2020;Wang 2021). These problems slow them down
and make it difficult for them to respond quickly to a large amount of information. In
terms of cognitive ability, the brain processing ability of the elderly decreases, and their
ability to capture and understand informationmay decline (Bai 2020;Wang 2021). These
may discourage the elderly from using emerging technologies. In addition, some ideas
of the elderly themselves may also hinder their acceptance of technologies. With the
rapid development of technology, the cognitive styles of the elderly cannot keep up with
the changes of the time, which may lead them to refuse to use emerging technologies or
be gullible (Bai 2020; Wang 2021).

Some studies on the use of intelligent technology by the elderly have shown the
barriers that the elderly may encounter when using technologies. Chen (2021) indicated
that older people tend to have a higher level of trust than young people, which may
lead to a greater chance of being cheated by false information. In addition, Li (2014)
found that in the process of online consumption, being unfamiliar with the operating
procedures will affect the elderly’s intention to use. Similarly, the elderly may face the
same problem when using mobile payment.

2.3 TAM and Its Use in the Context of Mobile Payment

The Technology Acceptance Model (TAM) is proposed by Davis (1989) to explain the
decisive factors for the wide acceptance of computers. The most important variables in
TAM are perceived usefulness and perceived ease of use. They can affect users’ attitude
and behavioral intention. TAMhas been applied to research in different fields. In order to
enhance the explanatory ability of themodel, researchers have added some new variables
to the original model (e.g., social influence and facilitating conditions), and proposed
some adapted models, such as TAM2, UTAUT, and UTAUT2.

With the development ofmobile payment technology and the expansion of itsmarket,
a number of studies have focused on the adoption of mobile payment by users. Then
some research provided a review of those studies on mobile payment adoption. TAM
and its adapted model have been widely used. Abdullah et al. (2021) counted the author
keywords of the research in the context ofmobile payment, and found that TAMappeared
nine times, only second to the occurrence of “mobile payment”. This suggests that TAM
was widely used by researchers to investigate mobile payment adoption. Besides, Pal
et al. (2019) demonstrated that UTAUT and TAM are the two most frequently used
models in research on mobile payment adoption and usage, and perceived usefulness
and perceived ease of use are the most frequently used factors. In addition, Karsen
et al. (2019) showed that the five most important factors in the use of mobile payment
are perceived ease of use, perceived usefulness, perceived trust, perceived risk, and
social influence. Moreover, Pramana (2021) demonstrated that the five most frequently
investigated factors in the theoretical model are perceived usefulness, perceived ease
of use, risk, trust, and social influence. Similarly, Pal et al. (2019) showed that the five
most frequently appearing factors that influence mobile payment adoption and usage
are perceived ease of use, perceived usefulness, risk, trust, and cost. Considering the
importance of social influence and trust in using mobile payment for the elderly, which
is also shown in the studies above, the present study added the two constructs in the
original TAM.
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Additionally, although there have been a number of studies on user adoption of
mobile payment, Pramana (2021) suggested that, in this research context, developing
countries in Asia (excluding India) need to be more active. Therefore, this study applied
an extended TAM to investigate the elderly’s acceptance of mobile payment.

3 Research Hypotheses and Research Model

Based on previous studies, this study extended TAM to explore the factors that influence
mobile payment acceptance by the elderly in China. The proposed research model is
shown in Fig. 1.

Fig. 1. The research model proposed in this study.

3.1 Perceived Ease of Use and Perceived Usefulness

In TAM, perceived ease of use and perceived usefulness are two main factors affecting
users’ behavior intention, which are respectively defined as “the degree towhich a person
believes that using a particular systemwould be free of effort” and “the degree to which a
person believes that using a particular systemwould enhance his or her job performance”
(Davis 1989). In the context of mobile payment, perceived ease of use (Li et al. 2019;
Ma et al. 2018;Wiradinata 2018) and perceived usefulness (Li et al. 2019;Wang and Dai
2020; Wiradinata 2018) have been proved to have significant influence on behavioral
intention. In addition, perceived ease of use was proved to positively impact perceived
usefulness (Li et al. 2019; Ma et al. 2018; Wang and Dai 2020). Similarly, we expect
these hypotheses to apply when the elderly in China use mobile payment.

Therefore, we propose the following hypotheses:

H1: Perceived ease of use positively impacts perceived usefulness.
H2: Perceived ease of use positively impacts behavioral intention.
H3: Perceived usefulness positively impacts behavioral intention.
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3.2 Social Influence

Venkatesh et al. (2003) defined social influence as “the degree to which an individual
perceives that important others believe he or she should use the new system”. For the
elderly, suggestions or supports from their family members, friends, or people important
to them may affect their intention to use mobile payment.

In the context of mobile payment, studies showed that social influence positively
influence perceived usefulness (Conci et al. 2009). Besides, studies also showed that
social influence positively influence behavioral intention (Al-Saedi et al. 2020; Conci
et al. 2009; Mensah 2019; Patil et al. 2020). Besides, de Luna et al. (2019) studied
the social influence in form of subjective norms, and indicated that subjective norms
positively affect perceived usefulness and intention to use SMS (ShortMessage Service),
QR (Quick Response), and NFC (Near Field Communication) mobile payment systems.
Similarly, we expect these hypotheses to apply when the elderly in China use mobile
payment.

Therefore, we propose the following hypotheses:

H4: Social influence positively impacts perceived usefulness.
H5: Social influence positively impacts behavioral intention.

3.3 Trust

Trust plays an important role in many scenarios. In the use of the mobile payment, users’
trust in mobile payment platforms may affect their adoption of mobile payment. The
present study believes that the elderly’s trust in mobile payment platforms will affect
their intention to use mobile payment, and specifically, the more the elderly think the
mobile payment platforms are reliable, the more willing they are to use mobile payment.

Previous studies have proved that trust has a positive and significant effect on users’
intention to use mobile payment (Kalinic et al. 2019; Liu et al. 2019; Shao et al. 2019).
In terms of the relationship between social influence and trust, Qu et al. (2015) showed
that social influence has a positive impact on trust. That is, the more seniors perceive
that their important others believe they should use mobile payment, the more they trust
mobile payment platforms. Similarly, we expect these hypotheses to apply when the
elderly in China use mobile payment.

Therefore, we propose the following hypotheses:

H6: Social influence positively impacts trust.
H7: Trust positively impacts behavioral intention.

4 Methodology

4.1 Data Collection

Mobile payment includes many ways, such as QR Code (Quick Response Code) and
NFC (Near Field Communication). In China, the most commonly used payment method
is to scan the payment code (QR code) provided by merchants, or provide payment code
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(QR code or one-dimension bar code) for merchants to scan, and this payment method
mainly relies on two platforms, WeChat and Alipay. According to the Research Report
of Mobile Payment Security published by China UnionPay (2021), 96% of respondents
pay via QR codes. Therefore, the survey in this study focused on the mobile payment
that through the payment code.

This survey was conducted through online questionnaire distribution. Before the
formal distribution of the questionnaire, a simulation test on 5 elderly people over the
age of 55 was conducted to judge whether the content of the questionnaire is easy for
the elderly to understand. The results show that the respondents can understand the
meaning of the topic well and complete the questionnaire independently. A total of
436 questionnaires were collected. By screening, we deleted (1) Questionnaires with
respondents younger than 55 years old; (2) Questionnaires that took less than 50 s or
more than 1,000 s to complete; (3) All but two (or fewer) answers are the same. Finally,
130 valid questionnaires were used.

According to the statistical results, the proportion ofmen andwomenwhofilled in the
questionnaire is average, accounting for 44.62% and 55.38% respectively. In addition,
the number of respondents aged 55–59 is the largest, accounting for 65.38% of the
number of valid questionnaires. The number of respondents with an education level of
junior high school or below is the largest, accounting for 45.38% of the number of valid
questionnaires. Most respondents have used mobile payment for more than two years,
and may be familiar with mobile payment. It is well representative that the elderly with
different ages, different gender, different educational background, and different using
experience of mobile payment were included in the questionnaire sample.

There are two parts in the questionnaire. The first part investigates the basic informa-
tion of the respondents, and the second part uses the 7-point Likert scale to investigate the
respondents’ agreement with different statements. The basic information of the respon-
dents is shown in Table 1. And Table 2 demonstrates the items of the second part and
their source.

Table 1. The basic information of the respondents.

Information Number Percentage

Gender Male 58 44.62%

Female 72 55.38%

Age 55–59 85 65.38%

60–64 22 16.92%

65–69 13 10.00%

70–74 5 3.85%

Above 75 5 3.85%

(continued)
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Table 1. (continued)

Information Number Percentage

Education Junior high school or below 59 45.38%

Senior high school (including specialized secondary
school)

55 42.31%

College (including college degree) or above 16 12.31%

Using experience Less than half a year 17 13.08%

Half a year to a year 18 13.85%

One to two years 21 16.15%

More than two years 74 56.92%

Table 2. The items of the second part.

Items Source

Trust
TR1 - I think mobile payment platforms are
trustworthy
TR2 - I think mobile payment platforms are
reliable
TR3 - I believe mobile payment platforms will
keep users’ interests in mind

Hanif and Lallie (2021), Khalilzadeh et al.
(2017), Patil et al. (2020)

Perceived ease of use
PEU1 - The steps of using mobile payment for
transactions are simple
PEU2 - It would be easy for me to learn how to
use mobile payment
PEU3 - Becoming skillful at using mobile
payment would be easy for me

Davis (1989), Venkatesh et al. (2003)

Perceived usefulness
PU1 - Using mobile payment would make my
life more convenient
PU2 - Using mobile payment saves me time
PU3 - Using mobile payment would help me to
accomplish payment more quickly

Davis (1989), Venkatesh et al. (2003)

Social influence
SI1 - My family and friends think that I should
use mobile payment
SI2 - People whose opinions I value think that I
should use mobile payment
SI3 - People who influence me think that I
should use mobile payment

Venkatesh et al. (2003)

(continued)
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Table 2. (continued)

Items Source

Behavioral intention
BI1 - I intend to continue using mobile payment
in the future
BI2 - I will use mobile payment on a regular
basis in the future
BI3 - I will increase the frequency of using
mobile payment in the future

Venkatesh et al. (2003)

4.2 Data Analysis

We used structural equation modeling (SEM) to analyze the data. The data analysis
includes two parts: analysis of measurement model and structural model.

Measurement Model. Confirmatory factor analysis (CFA) was used to analyze the
measurement model.

Table 3 shows the parameters of significant test and item reliability. As the table
shows, all the standardized factor loadings are greater than 0.6, and most of them are
greater than 0.7, reaching the recommended standard. In addition, all theR-square exceed
0.5, indicating that the item reliability is good.

Table 4 shows the results of composite reliability, convergent validity, and discrim-
inate validity. The CR (composite reliability) of all the constructs is higher than 0.7,
which shows acceptable composite reliability (Hairs et al. 1998). AVE (average vari-
ance extracted) of all the constructs is higher than 0.5, indicating a good convergence
validity (Fornell and Larcker 1981). In addition, the results demonstrated at the diagonal
is the square root of the AVE of each factor, each of them is greater than the other figures
(the Pearson correlation coefficients with other constructs) in its row and column.

Table 3. Parameters of significant test and item reliability.

Factor Items Estimate S.E Est./S.E P-Value R-square

Trust (TR) TR1 0.769 0.064 12.027 *** 0.591

TR2 0.962 0.047 20.563 *** 0.925

TR3 0.668 0.11 6.07 *** 0.446

Perceived ease of use (PEU) PEU1 0.831 0.054 15.415 *** 0.691

PEU2 0.877 0.039 22.531 *** 0.769

PEU3 0.899 0.046 19.48 *** 0.808

Perceived usefulness (PU) PU1 0.913 0.034 26.656 *** 0.834

PU2 0.893 0.028 31.599 *** 0.797

PU3 0.862 0.031 27.783 *** 0.743

(continued)
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Table 3. (continued)

Factor Items Estimate S.E Est./S.E P-Value R-square

Social influence (SI) SI1 0.923 0.032 28.524 *** 0.852

SI2 0.927 0.027 34.935 *** 0.859

SI3 0.772 0.066 11.68 *** 0.596

Behavioral intension (BI) BI1 0.905 0.029 31.636 *** 0.819

BI2 0.855 0.066 12.882 *** 0.731

BI3 0.811 0.039 20.836 *** 0.658

**p < 0.001

Table 4. Composite reliability, convergent validity, and discriminate validity.

CR AVE TR PEU PU SI BI

TR 0.847 0.654 0.809

PEU 0.903 0.756 0.709 0.869

PU 0.919 0.791 0.623 0.782 0.889

SI 0.908 0.769 0.656 0.770 0.843 0.877

BI 0.893 0.736 0.570 0.716 0.848 0.837 0.858

Structural Model. Themodel fitting indices areχ2/df, CFI, TLI, RMSEA, and SRMR.
The model fitting indices in this study are shown in Table 5. All the indices meet the
recommended value, indicating that the structural model fits well.

Table 5. Model fit.

Recommended value Index

χ2/df 1 < χ2/df < 3 1.143 Matched

CFI >0.9 0.990 Matched

TLI >0.9 0.987 Matched

RMSEA <0.08 0.033 Matched

SRMR <0.08 0.057 Matched

Table 6 shows the results of the hypotheses. P-value<0.05 indicates that the hypothe-
sis is supported. There are seven hypotheses in themodel, ofwhich five are supported and
two are not supported. As the results shows, perceived ease of use positively influences
perceived usefulness (β = 0.306, p < 0.01), perceived usefulness positively influences
behavioral intention (β = 0.483, p < 0.01), and social influence positively influences
perceived usefulness (β= 0.607, p< 0.001), behavioral intention (β= 0.444, p< 0.01),
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and trust (β= 0.673, p< 0.001). Therefore, H1, H3, H4, H5, H6 are supported. However,
H2 and H7 are not supported. In Fig. 2, the results for the research model were shown.
Besides, results showed that the model explains 45.3% of the variance in trust, 75.4% of
the variance in perceived usefulness, and 77.3% of the variance in behavioral intention.

Table 6. Hypothesis analysis.

DV IV Estimate S.E Est./S.E P-value R2 Hypothesis

TR SI 0.673 0.07 9.631 *** 0.453 Support

PU PEU 0.306 0.091 3.347 0.001 0.754 Support

SI 0.607 0.085 7.156 *** Support

BI SI 0.444 0.161 2.766 0.006 0.773 Support

TR −0.042 0.062 −0.684 0.494 Not Support

PEU 0.018 0.088 0.203 0.839 Not Support

PU 0.483 0.143 3.38 0.001 Support

Fig. 2. Results of the research model.

5 Discussion and Conclusion

5.1 Discussion

By extending TAM, this paper explores the factors that affect behavioral intention of the
elderly to use mobile payment.
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The results show that social influence is an important factor in mobile payment
acceptance by the elderly. Social influence has a significant impact on trust, which is
consistent with the previous research results (Qu et al. 2015). This indicates that the
positive influence of others will improve the elderly’ trust in mobile payment platforms.
In addition, social influence also shows a significant impact on perceived usefulness and
behavioral intention, which is also consistent with prior research (Conci et al. 2009).
This indicates that when people who are important to the elderly think that the elderly
should use mobile payment, the elderly can perceive the usefulness of this payment
method and are more willing to use it.

Moreover, it is also consistent with previous studies that perceived usefulness has a
significant impact on behavioral intention (Li et al. 2019;Wang andDai 2020;Wiradinata
2018). However, perceived ease of use does not have a significant impact on behavioral
intention. Thus, compared with the ease of use, usefulness is more important in future
product design. Besides, results also show that perceived ease of use has a positive impact
on perceived usefulness. That is, the more seniors find mobile payment easy to use, the
more likely they are to find it useful.

Contrary to our expectation, results shows that trust has no significant effect on
behavioral intention. In this study, the construct of trust focuses on security, which is
a feeling provided by mobile payment platforms. And it is actually a security promise
made by the service providers to the user. This promise, according to the results, has
no significant relationship with the behavioral intention of the elderly. Hence, promises
or commitments from the service providers are useless, that is, appearing credible is
useless. But it is the use and recommendations of people around the elderly that are
useful.

Therefore, the promotion will not work well through enhancing the trust by design,
while the effective way to promote is to tell the elderly that important others are using it
and have good comments. It is a feature of Chinese society, which can also explain why
the leading products of mobile payment are particularly preferred in China, because of
the herd mentality.

5.2 Conclusion

At present, the problem of population aging is becoming more and more serious. Mean-
while, various technologies develop rapidly. Therefore, how to promote the elderly to use
innovative technology is a problem that must be solved. The present study investigated
factors that impact the Chinese elderly’s behavioral intention to use mobile payment
through an extended TAM.

Results show that perceived usefulness has a significant effect on behavioral inten-
tion, but perceived ease of use does not. This suggests that future design should focus
more on improving product usefulness than ease of use.

Moreover, in order to better understand factors that affect the elderly’s acceptance of
mobile payment, this study added the constructs of trust and social influence into TAM.
Results show that social influence has a significant impact on behavioral intention while
trust does not have. Through analysis, this study believes that the result may be caused
by the prevailing herd mentality of Chinese people. Therefore, designing to enhance
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trust or security of the products is not a good way to promote, but telling the elderly that
people around them are using the products is.
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Abstract. Usability has become an extremely relevant aspect that must be con-
sidered in the development of any software product. If usability is not considered,
then there is a high probability that its users will reject the application. A software
product is destined to fail in a highly competitive environment such as the current
one, depending on its capability to be understood, learned, and attractive to its
users. For this reason, a set of usability evaluation methods have been developed
that allow specialists to systematically determine whether graphical interfaces are
usable. Among the methods that exist, one of the most used due to its simplicity
and low demand for resources is the usability assessment questionnaire. However,
most of the questionnaires that have been designed are intended to be answered
by end-users of the application. In contrast to this paradigm, in a previous work,
a questionnaire was developed and designed that can be used by specialists in
Human-Computer Interaction. This new questionnaire involves a set of 60 items
with which it is possible to verify if the interfaces of a software product fulfill
aspects that make them usable. In this study, the new questionnaire was employed
to evaluate the usability of the main Peruvian E-Government Websites. The inten-
tion of this scientific article is to serve as a source for future improvement of the
websites and to serve at a methodological level so that specialists can widely use
the evaluation instrument and the conduction process that has been carried out in
this research.

Keywords: Human-computer interaction · Usability · Heuristic evaluation ·
E-government · Assessment questionnaire

1 Introduction

Ensuring that a software product is easy to use and intuitive to the degree that it leads
to the achievement of its users’ goals is a highly relevant aspect today [1]. Software
development teams are concerned about the level of usability offered by the interfaces
of their products and services. The importance of this quality attribute is because usability
could be an aspect that makes the difference in a highly competitive market in which
several options are available [2]. Usability refers to the capability of a software product to
be used to achieve quantified objectives with effectiveness, efficiency, and satisfaction
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in a quantified context of use [3]. In the web domain, if a web system is difficult to
use, or not understandable, or the users get lost navigating, then leave the website, and
the probabilities that they will use the website again decrease [4]. For this reason, it
is important to guarantee a friendly interaction experience and ensure that the design
of graphical interfaces is adjusted to the needs of users as well to the context of use,
allowing the achievement of their objectives and meeting expectations.

The importance of a software product being usable has led to the development of a
set of evaluation methods [5]. These methods allow specialists to determine through an
array of well-defined actions if the interfaces are understandable, attractive and if they
generate user satisfaction during the interaction with them. According to Fernandez
et al. [6], the methods can be classified into (1) testing, (2) inspection, (3) inquiry, (4)
analytical modeling, and (5) simulation. Of all the methods that have emerged so far,
only a few are the ones that draw the attention of professionals and academics. According
to a previous study [7], user tests, heuristic evaluation, and questionnaires are the most
used and reported in the literature.

All methods have their advantages and provide relevant results. It is not possible to
indicate that one method is better than another. In contrast, the methods complement
each other [8]. However, questionnaires are widely recognized and used because they
require few resources to be applied. Unlike user tests in which it is required to pre-
pare material, observe the user, analyze their behavior, and process all the collected
information, questionnaires become an interesting alternative when time and resources
are not enough in a project [9]. In addition to being quick to use, the questionnaires
allow specialists to effectively identify users’ perceptions concerning certain aspects of
the graphical interfaces required for evaluation. Performing a usability assessment with
questionnaires only requires that a group of people interact with the software product to
be evaluated and afterward request them to answer a set of closed questions regarding
their perception of the degree of usability the software product presents. There are sev-
eral proposals for questionnaires that can be used by specialists and industries to assess
usability [10]. However, most of these questionnaires have been designed for end-users
and not for specialists in design and Human-Computer Interaction (HCI). The existing
approaches establish that the questionnaires must be answered by a large number of
participants in a way in which the analysis of the level of usability is possible. However,
in a previous research [11], a questionnaire for specialists was elaborated. Unlike com-
mon questionnaires where specialists try to collect the perception of users regarding the
degree of ease of use, this questionnaire serves as a checklist for those who know about
good design principles that graphical interfaces should have.

Electronic government applications are those considered to provide information and
services to citizens [12]. Government institutions use these websites as a means to
communicate information that is important in the public domain (about government
management, data of interest to citizens, news, and events), and likewise to facilitate
the population’s access to the services provided by the public administration. Given
the relevance of these applications, it is important that they are usable and accessible.
This research shows the results of carrying out a usability assessment of the main e-
government websites in Peru using the new questionnaire proposal for specialists. The
objective of this research is to serve as a basis for future usability evaluations, to validate
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the new questionnaire, and also to demonstrate the level of concern of the Peruvian
government to offer its population quality websites. The results of this work can be used
to improve the design of electronic government applications and for the development of
future proposals.

2 Related Work

Usability evaluation questionnaires are an extremely reliable instrument to determine
the perception of the degree of ease of use of a software product quickly and simply [9].
Users are asked to previously interactwith the application and subsequently, they can then
answer a set of questions about the noticed level of usability. The main purpose of most
of the questionnaires that exist registered in the literature is to identify the satisfaction
of end-users with respect to the interaction with the software product [10]. However, in
a previous study [11], the development of a questionnaire that can be used by specialists
was proposed. This new proposal was elaborated on the basis of an evaluation instrument
established by Granollers [13]. In this approach, the ten heuristics proposed by Nielsen
[14] and the nineteen Tognazzini’s principles of interaction design [15] were used. After
an exhaustive analysis of both sources of information, it was possible to elaborate a set
of 60 specific questions that allow determining if the design fails in certain aspects of
usability.

The principles were later examined in writing and wordiness topics and a new ver-
sion of 60 questions was afterward elaborated [11], oriented to the understanding of
HCI specialists. The difference with traditional questionnaire proposals is this instru-
ment is aimed at people with extensive experience in usability evaluations. This new
questionnaire represents a checklist that helps testers to quickly perform an inspection
considering the most important usability aspects. Unlike the first versions of the ques-
tionnaire that involved a YES or NO response, the new version establishes that each
question is answered on a scale of 0 to 4 where 0 means the non-consideration of the
guideline (strongly disagree) and 4 a total consideration of it in the interface design
(strongly agree). Table 1 shows the possible responses along with their associated val-
ues. On the other hand, it is important to mention that the questions are grouped into 15
categories [11, 13]: (1) visibility and system state, (2) connection between the system
and the real world, metaphor usage, and human objects, (3) user control and freedom, (4)
consistency and standards, (5) recognition rather than memory, learning, and anticipa-
tion, (6) flexibility and efficiency of use, (7) help users recognize, diagnose and recover
from errors, (8) preventing errors, (9), aesthetic and minimalist design, (10) help and
documentation, (11) save the state and protect the work, (12) color and readability, (13)
autonomy, (14) defaults and (15) latency reduction.

For the total calculation of the percentage of usability of the software product, it is
necessary to add all the values obtained according to the answers. This questionnaire
allows specialists to indicate if a question does not apply to the software product being
evaluated. There are certain aspects of usability that due to the domain and nature of the
software cannot be evaluated or inspected or are simply not required to be considered.
This must be determined by the specialist who has the option to indicate if the usability
aspect that must be analyzed does not apply. The value obtained must be divided by the
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number of questions that do apply and have been answered with a value from 0 to 4,
multiplied by 4. This procedure generates as a result the global percentage of usability
of the application and can be averaged with the final values obtained by other specialists
who have participated in the evaluation. The equation that allows obtaining the final
usability score of a software product is detailed in Fig. 1. Likewise, as an example and
extract, Table 2 shows the questions that are part of the “visibility and system state”
category of the questionnaire.
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where:

• n: is the number of specialists that are participating in the evaluation.

• m: is the total number of usability questions.

• sj: is the obtained score for question j by the specialist i.

• z: is the number of questions that do not apply for the specialist i.

Fig. 1. The equation used to calculate the final usability value of a software product

Table 1. Likert scale and scores used for the usability questions

Possible response Value

Strongly disagree 0

Disagree 1

Neither agree nor disagree 2

Agree 3

Strongly agree 4

Does not apply No value is assigned

The form of usability evaluation proposed in this research is based on the heuristic
inspection [5], in which HCI specialists must offer their opinions regarding the compli-
ance of the graphical user interfaces (GUI) with certain design principles. Because of
this, the recommended number of specialists who participate in an evaluation with this
instrument should be from 3 to 5, since according to some analysis conducted by Nielsen
[16], as more specialists are incorporated, the costs increase, and the findings are fewer.
Given the expertise of the specialists who participate in an evaluation of this type, it is
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Table 2. Usability questions for the category of “visibility and system state”

ID Question

Q01 Does the application provide visible titles that clearly identify the different sections of
the system?

Q02 Is it always possible to determine in which section of the system we are?

Q03 Is it possible to determine the actions the system is executing all the time?

Q04 Are the links provided by the system visible, clear, and understandable?

Q05 Is it possible to quickly identify the actions provided by the system?

possible to identify, with a few participants, the most critical aspects of usability that
must be corrected in a software product. Those questions whose scores are low must be
considered as opportunities for improvement for the inspected application. Likewise, it is
possible to analyze the results for each of the categories established in the questionnaire.

3 Settings of the Case Study

This study reports the results of using the questionnaire proposed by Paz and Granollers
[11] to assess the usability of the three main electronic government websites in Peru.
The importance of this research lies in determining whether the applications offered by
the Peruvian government to its citizens are easy to use to the point that they allow to
easily identify information of public interest and to appropriately perform public service
procedures. According to Siau and Long [17], the development of e-government in a
country can be carried out in the following 4 areas:

• Government-to-citizen (G2C): whose purpose is to provide services and access
to information for citizens. These are initiatives aimed at providing administra-
tive and information services to citizens through Information and Communication
Technologies (ICT), that is, from any place that has access and at any time.

• Government-to-employee (G2E): that are initiatives to provide services for the
professional development of public administration employees.

• Government-to-business (G2B): that are initiatives aimed at providing administra-
tive and information services to companies through the Internet.

• Government-to-government (G2G): that are initiatives to enhance cooperation and
collaboration between governments of different levels and various physical locations.

In this research, the evaluation was focused on G2C-type web applications. Some
examples of these government initiatives are those that provide access to information
about laws, policies, news, government job offers, web links of interest, and procedures
to carry out administrative procedures with government entities. Likewise, these appli-
cations are used as means to facilitate transactions between the government and citizens.
Some examples involve procedures related to tax payment, fines, public fees, grants,
loans, civil registration, social insurance, driver’s license among others. The benefits
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that these initiatives bring to citizens translate into savings in time and money (travel
to public offices, waiting at counters) and flexibility, in addition to access to updated
information published regularly by the Government.

Considering this aspect as a premise, the following websites were selected:

• SUNAT (www.sunat.gob.pe): This is the website of the National Superintendence of
Customs and Tax Administration. This is the government entity that administers the
taxes of the Peruvian national government. In this application, several procedures and
services related to taxation can be carried out. In addition, nthe website provides a
payment gateway to perform online payments.

• Migrations (www.gob.pe/migraciones): This is the website of the National Super-
intendence of Migration. This is a specialized technical organization attached to the
Ministry of the Interior which is responsible for the immigration control of national
and foreign citizens, the issuance of travel documents to national and foreign citi-
zens, and the granting of Peruvian nationality. Although this website does not have an
embedded payment gateway, it is possible to use www.pagalo.pe to make payments
online.

• SUNARP (www.gob.pe/sunarp): This is the website of the National Superintendence
of Public Registries. This is an organization in charge of registering and publicizing
acts, contracts, rights, and entitlements of people in a timely, inclusive, transparent,
predictable, and efficient manner. In addition, this website allows making payments
online.

These e-government applications were selected based on their importance. These
websites incorporate the most frequent procedures carried out by the Peruvian popu-
lation. In addition, they are part of the National Plan in which it is established that
Electronic Government is promoted through the intensive use of information and com-
munication technologies (ICT) facilitating the access of citizens to online public services,
organized in a simple, close and consistent way, as well as providing them with access
to permanently updated information.

Regarding the procedure thatwas followed, the specialistswere contacted to carry out
this inspection remotely. It is possible to mention that all the evaluators who participated
in this usability inspection have a similar background since they have carried out and
have been involved in multiple inspections both at an academic and industrial level. The
number of specialists who participated in this usability evaluation of the main Peruvian
electronic government sites was three, given that according to Nielsen studies, it is an
appropriate number of professionals to identify the greatest number of usability problems
[16]. Table 3 shows the academic degree of each of the evaluators involved in the usability
evaluation. Respecting the informed consent protocol, names and identities are kept
confidential. For academic and reporting purposes, an identifier has been established for
each of the participating specialists.

http://www.sunat.gob.pe
http://www.gob.pe/migraciones
http://www.pagalo.pe
http://www.gob.pe/sunarp
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Table 3. Profile of each of the specialists who participated in the usability inspection

Specialist ID Last academic degree obtained

S1 Doctor of Engineering Degree - Specialty in Human-Computer Interaction

S2 Master’s Degree in Computer Science - Specialty in Software Engineering

S3 Master’s Degree in Informatics Engineering

First, the specialists were asked for their consent to be part of this study. All contacted
specialists agreed to participate voluntarily and were invited to a virtual meeting. In this
meeting, they were asked to interact with one of the selected websites for approximately
20min. After the specialists became familiar with thewebsite, theywere sent aMicrosoft
Excel file containing all the questions of the usability evaluationquestionnaire. Theywere
asked to answer each of the questions on the established Likert scale. Subsequently,
the results were collected, and the procedure was repeated for the next website until
concluding with the inspection of all the selected applications.

Fig. 2. Usability evaluation planning process

The entire process took about 2 h. Perceptions about the degree of usability of the
three selected Peruvian e-government websites were collected. Figures 2 and 3 show in
detail the process that was followed to carry out the inspection.
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Fig. 3. Usability evaluation process - execution and report phases

4 Analysis and Results

The evaluationwas carried out on February 1, 2022. Once the virtual meetingwas over in
which all the specialists’ results were collected, the data was processed, and the informa-
tion analyzed. The usability results were analyzed for each of the categories established
in the evaluation questionnaire [13]. In order to calculate the percentage of usability
covered by the application in each evaluation aspect, the formula established in Fig. 1
was used. All the values established by the specialist in each question corresponding to
the evaluation criterion were added up and this result was divided by 4 multiplied for the
total number of questions of the category minus the number of questions that according
to the evaluator did not apply. For example, the first category entitled “visibility and sys-
tem state” has a total of 6 questions. The responses of the first specialist were: strongly
agree (4), strongly agree (4), neither agree nor disagree (2), agree (3), and agree (3) for
each of the questions in Table 2. In this way, the percentage of usability covered is (4+
4 + 2 + 3 + 3)/(4 * (5 − 0)) resulting in 0.80.
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Table 4. Percentage of usability covered in each evaluation item according to each specialist for
the “www.sunat.gob.pe” website

Evaluation item Percentage of
usability
covered
according to
each specialist

S1 S2 S3

(1) Visibility and system state 0.90 0.80 0.80

(2) Connection between the system and the real world, metaphor usage, and
human objects

0.81 0.75 0.63

(3) User control and freedom 0.75 0.92 1.00

(4) Consistency and standards 0.79 0.67 0.54

(5) Recognition rather than memory, learning, and anticipation 0.75 0.70 0.65

(6) Flexibility and efficiency of use 0.92 1.00 0.75

(7) Help users recognize, diagnose, and recover from errors 0.50 0.67 1.00

(8) Preventing errors 0.58 0.58 0.42

(9) Aesthetic and minimalist design 0.56 0.63 0.31

(10) Help and documentation 0.35 0.40 0.25

(11) Save the state and protect the work 0.50 1.00 1.00

(12) Color and readability 0.63 0.75 0.81

(13) Autonomy 0.58 0.42 0.67

(14) Defaults 1.00 1.00 1.00

(15) Latency reduction 0.75 0.50 0.38

Full degree of usability covered 0.69 0.72 0.68

Likewise, there are some cases where the specialist may contemplate that a question
does not apply. This is the case of specialist 1 in the evaluation item of “user control
and freedom”. This category is made up of a total of 3 questions and the answers of this
specialist were: strongly agree (4), does not apply (0), and strongly agree (4). In this
case, the percentage of usability covered by the application in this category is calculated
in this way (4 + 0 + 4)/(4 * (3 − 1)) since 1 question did not apply to the evaluator,
resulting in 1.00. The results obtained for the “www.sunat.gob.pe” website can be seen
in Table 4. Similarly, the results for the “www.gob.pe/migraciones” website are found
in Table 5. Finally, the results on the percentage of usability covered by “www.gob.pe/
sunarp” are shown in Table 6.

http://www.sunat.gob.pe
http://www.sunat.gob.pe
http://www.gob.pe/migraciones
http://www.gob.pe/sunarp
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Table 5. Percentage of usability covered in each evaluation item according to each specialist for
the “www.gob.pe/migraciones” website

Evaluation item Percentage of
usability
covered
according to
each specialist

S1 S2 S3

(1) Visibility and system state 0.75 0.70 0.70

(2) Connection between the system and the real world, metaphor usage, and
human objects

0.69 0.88 0.81

(3) User control and freedom 0.25 0.33 0.25

(4) Consistency and standards 0.71 0.75 0.67

(5) Recognition rather than memory, learning, and anticipation 0.55 0.75 0.55

(6) Flexibility and efficiency of use 0.71 0.75 0.63

(7) Help users recognize, diagnose, and recover from errors 0.33 0.58 0.00

(8) Preventing errors 0.50 0.42 0.58

(9) Aesthetic and minimalist design 0.50 0.50 0.56

(10) Help and documentation 0.45 0.35 0.35

(11) Save the state and protect the work 1.00 1.00 0.50

(12) Color and readability 0.81 0.69 0.75

(13) Autonomy 0.50 0.67 0.25

(14) Defaults 1.00 1.00 1.00

(15) Latency reduction 0.75 0.75 0.50

Full degree of usability covered 0.63 0.67 0.54

There are some cases in which none of the questions of a certain evaluation item
applied. In these scenarios, since according to the specialists they are aspects that should
not be considered in the usability evaluation, the 100% compliance score (1.00) was
considered in a way they do not affect the results obtained. Likewise, there have been
cases wherein an evaluation item the sum of the scores obtained has been 0. This is
because the evaluators have answered with the answer of “strongly disagree” in all
the questions that they have considered applicable to the evaluation of the application.
In these cases, since it represents a total non-compliance with the evaluation item, a
percentage of 0% (0.00) has been assigned. The occurrence of these special scenarios
is interesting because they allow to improve the evaluation instrument and determine
improvements based on the results.

http://www.gob.pe/migraciones
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Table 6. Percentage of usability covered in each evaluation item according to each specialist for
the “www.gob.pe/sunarp” website

Evaluation item Percentage of
usability
covered
according to
each specialist

S1 S2 S3

(1) Visibility and system state 0.80 0.85 0.75

(2) Connection between the system and the real world, metaphor usage, and
human objects

0.81 0.75 0.63

(3) User control and freedom 0.75 0.50 0.58

(4) Consistency and standards 0.75 0.71 0.58

(5) Recognition rather than memory, learning, and anticipation 0.70 0.75 0.65

(6) Flexibility and efficiency of use 0.58 0.63 0.46

(7) Help users recognize, diagnose, and recover from errors 0.25 0.50 0.25

(8) Preventing errors 0.50 0.42 0.33

(9) Aesthetic and minimalist design 0.75 0.50 0.63

(10) Help and documentation 0.45 0.50 0.30

(11) Save the state and protect the work 1.00 1.00 1.00

(12) Color and readability 0.75 0.69 0.50

(13) Autonomy 0.58 0.75 0.50

(14) Defaults 1.00 1.00 1.00

(15) Latency reduction 0.50 0.63 0.38

Full degree of usability covered 0.68 0.68 0.57

The results show that although the level of usability of the websites is acceptable,
there are still aspects that can be improved to be considered high-quality web applica-
tions. According to the results, the usability level of the website “www.sunat.gob.pe”
is 0.70 (70%) considering the values of 0.69, 0.72, and 0.68. The result for the web-
site “www.gob.pe/migraciones” is 0.61 (61%) considering the values of 0.63, 0.67 and
0.54. Finally, for the “www.gob.pe/sunarp” website, the usability level is 0.64 (64%)
considering the values of 0.68, 0.68 and 0.57.

Although the final results are between 60% and 70%, it is necessary to consider those
aspects where the scores have been rated with low values. It is highly required to improve
consistency in the design and use of standards. The analyzed websites usually refer to
other platforms and it is important that the subsections maintain the same design style to
avoid confusing the end-users. Likewise, it is necessary to improve the error messages
and fault tolerance of the systems. In certain sections there is a lot of information that
overloads the graphical interface, making it complex. Through an evaluation of the

http://www.gob.pe/sunarp
http://www.sunat.gob.pe
http://www.gob.pe/migraciones
http://www.gob.pe/sunarp
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information architecture, it would be possible to restructure the data so that users can
quickly identify the information they are looking for as well as the services offered by
several government institutions. The evaluation questionnaire has proven to be effective
and valid to measure the usability and quantitatively determine the level of ease of use
of a set of Peruvian e-government applications.

5 Conclusions and Future Works

Usability is an attribute of software quality that is currently highly relevant in the devel-
opment of technological products. Designing a graphical interface without considering
the context of use and the user’s final goals can lead to the failure of the software. In this
sense, several methods have emerged that allow specialists to determine if a product is
easy to use, understandable in such a way that it leads to the satisfaction and achievement
of the objectives of the end-users. One of these methods is the questionnaire that allows
quickly and easily to determine the perception of usability of a system. However, most
questionnaires are intended to be responded by end-users. In thiswork, a newproposal for
a questionnaire aimed at specialists in Human-Computer Interaction has been tested. For
this, the three most representative electronic government websites in Peru were selected.
The results showed that although the level of usability of these websites is acceptable,
there are many improvement opportunities that government authorities can consider.
Based on these results, it is possible to conclude that although some aspects of usability
have been considered, there are still efforts that must be made to have applications with
a high level of quality in Peru.

The questionnaire has proven to be an effective evaluation instrument to measure the
level of usability in quantitative terms. However, it is necessary to take into consideration
that the experiment carried out has been conducted in a controlled environment, following
a certain procedure. It is still necessary to carry out a greater number of case studies
to determine the validity of the evaluation instrument. Likewise, as future work, it is
possible to carry out a statistical analysis of reliability in conjunction with the data
obtained in the present research. The results can be compared with evaluation scenarios
of software products from other domains and other realities. This work has been carried
out with the aim of describing a case study that serves as a methodological basis and
evidence to achieve a new valid usability evaluation instrument that can be used within
the heuristic evaluation process.
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Abstract. With the development of the metaverase, virtual reality technology is
invading various fields. As a carrier of virtual reality (VR) technology, VR glasses
have become a new type of smart wearable devices and arewidely used. It’s crucial
to improve thewearing comfort ofVRglasses. Based on the practical requirements
for industrial design education, an online course of virtual simulation for students
majoring in industrial design was designed and developed. The aim of this course
is to test the fit of the VR facial interface to people’s face shapes through a virtual
simulation experiment, which can be conducted by five 3D Chinese statistical
head models generated from 3400 3D Chinese head scans using the principal
component analysis (PCA) panel. After the alignment between the facial interface
and the headforms, deviation analysis was carried out and the analysis report
was generated. The report contains gap analysis texture maps and data including
positive max deviation, negative max deviation, positive mean deviation, negative
mean deviation, and the standard deviation of the gap distribution. This online
course provides a platform for industrial design students to evaluate the fit of a
VR facial interface design on Chinese population effectively and can also be used
as an accurate reference for the improvement of the wearing comfort for other
head worn products such as glasses, headphones and masks.

Keywords: Online virtual simulation course · VR glasses · Facial interface ·
Fit · Statistical shape models

1 Introduction

Virtual reality technology is making inroads into every sector. Glasses-type wearable
computer displays should be designed to improve anthropometric fit for better wearing
comfort [1]. Therefore, various industries are working to produce more adaptable VR
glasses to make them more appealing to consumers [2]. The core component of VR
glasses in contact with the human head and face is the facial interface, which forms a
fitting surface around the eyes and face for stable wearing and isolation of external light
[3]. When wearing VR glasses, the headband creates upward and backward forces that
deform the material of the upholstery for a better fit [4]. Over-compact or over-spaced
will result in a poor fit. The facial interface that are not suitable for the user’s face
shape will cause problems such as local pressure and light leakage, which will affect the
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immersive experience of the product [5]. Therefore, wearing comfort can be improved
by evaluating the fit of the facial interface.

3D anthropometry is widely used in the industrial design process to address differ-
ences between humans with the aim of optimizing product fit, comfort, functionality
and safety [6]. Design methods including anthropometric analysis, fit evaluation, and
product design need to utilize 3D human scan data in the ergonomic design of wearable
products such as helmets and glasses [7]. Accurate 3D body data in digital form is useful
for optimizing product comfort and function [8]. Several digital platforms using 3D data-
aided design have been established in the past few years. Meunier et al. [9] developed a
system to assess helmet wear resistance using a 3D scanner to measure the gap between
the helmet and the skull. Ellena et al. [10] proposed a helmet fit assessment system by
calculating the gap between the head and helmet using 3D scan data. Luximon et al.
[11] designed a software that enables users to design head-related products using head
scan data in a CAD environment. Lee et al. [12] produced a dimensional analysis system
for head-related product design based on the Civilian American and European Surface
Anthropometry Resource (CAESAR) database. Directly assessing the suitability of a
digital product model will greatly accelerate the progress of product design [13]. Vir-
tual fit assessment has become a research hotspot from physical media to digital media
because it can assess fit and comfort without the need to build physical prototypes [14].

Experimental teaching is an indispensable link to cultivate students’ innovative abil-
ity and practical ability, which enables students to fully digest and absorb scientific
knowledge in observation and experiment [15]. With the rapid development of technol-
ogy, various online teaching platforms have demonstrated how to use new scientific and
technological achievements in experimental teaching to reduce the difficulty of teachers’
teaching and improve students’ learning efficiency and adaptability. Huang et al. [16]
constructed a networked teaching platform for the experimental course of traditional
Chinese medicine chemistry. Ma et al. [17] created an electromagnetic network course
teaching platform, which provided a wealth of teaching resources for students to learn
independently. Compared with traditional teaching methods, this online teaching plat-
form shows great advantages, such as sharing teaching resources, improving students’
learning enthusiasm and teaching efficiency.

One of the pedagogical goals of industrial design education is to educate students to
use digital design software and to be at the forefront of technological developments in
increasingly complex systems [18]. Based on the practical teaching of industrial design
education, an online course of virtual simulation for students majoring in industrial
designwas designed and developed. Since it is important to improve thewearing comfort
of VR glasses, the experimental platform took VR glasses as an example to conduct
deviation analysis on the adaptability. The purpose of this course is to test the fit of the
VR facial interface to people’s face shapes by using five 3D Chinese statistical head
models generated from the principal component analysis (PCA) panel from Chinese
headbase survey, which was developed by Wang et al. [19] and enriched to a sample
size of 3400 in 2020. With this training platform, simple and effective simulations can
be performed to help design students design VR glasses more efficiently.
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2 Running Logic of Online Virtual Simulation Experiment
Platform

The virtual fit approach is a suitable method for designing and evaluating ergonomic
wearable products in the product development process [20]. In this study, a online virtual
simulation experiment platform was built to evaluate the fit of VR glasses, especially for
the facial interface. In order to improve the suitability of VR facial interface for Chinese
users, and reduce the wearing pressure and light leakage problems, it is necessary to
consider the variety of Chinese head shapes. The design is based on a large number of
facial measurement from the Chinese headbase database [3]. Three types of information
are included in virtual fit analysis of headset shape and size: (1) 3D head scans and facial
measurements of Chinese population, (2) correct position of VR glasses on the face, and
(3) facial interface, that is, the specific inteface of the VR headset which is in contact
with the face. The distance between the facial interface and the 3D head model was
analyzed by the platform to guide the ergonomic design of the VR glasses. The virtual
fit analysis method and principles used in the experimental platform is presented in the
following subsections.

2.1 3D Head Scans and Facial Measurements of Chinese Population

Experiment-related teaching platforms require technical and teaching resources [21].
Multivariate anthropometry captures most of the variation in body shape with limited
variables [22]. ThePCAmethod iswidely used in the field of anthropometrics, since it is a
classic dimensionality reductionmethod that can simplify and classify complex datasets.
The National Institute of Occupational Safety and Health (NIOSH) [23] developed a
principal component segmentation method for artificial respirators in the United States.
Based on themethod, a large number of user groups are classified according to their head
shapes. Zhuang et al. [24] used five three-dimensional headforms representingAmerican
workers when designing an industrial respirator. Applying PCA panel can classify the
measurement data and build the reference headforms for a specific product, whichmakes
it easier to improve the ergonomics design process.

Based on thePCApanel, five 3DChinese statistical headmodels,which include long-
narrow, large, short-wide, medium and small heads, were generated from 3400 3D Chi-
nese head scans in order to improve the wearing suitability of facial interface and make
them more suitable for the Chinese heads and faces.

2.2 Correct Position of VR Glasses on the Face

TheVRglasses-wearing position information is important for the analysis of the distance
between a specific headset design and different faces. The center of the pupil of the human
head is alignedwith the center of the lens of theVRglasses, and there is a certain distance
between the center of the pupil and the center of the lens (exit pupil distance) when the
VR glasses are properly worn. Therefore, in the design of the experimental platform,
the user needs to click to select the center point of the lens and the center point of the
pupil, which will be assisted by the system to align.
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2.3 Facial Interface Selection

The cover, head strap, display and lenses were excluded from the fitting process, as we
only aimed to investigate the way that the facial interface fit the participant’s face shapes.
When performing a fit analysis on the inner surface of the VR glasses, only the portion
that is in contact with the face, which is the facial interface, is retained.

2.4 Algorithm Development

The deviation analysis of the facial interface and the human head model in the wearing
calibration model group was carried out by calculating the horizontal distance among
a number of reference points between the head model and the facial interface, the gap
analysis texture map and deviation analysis statistics of the face area are obtained.

A new algorithm has been added to the above mentioned measurement software to
calculate the distance between the facial interface and the headform. The algorithm can
be explained as follows: From the measurement model point to the triangular face of the
referencemodel, the intersection point is formedwith the triangular face referencemodel,
and the distance line segment between the measurement model point and the reference
model triangular face is the display of spikes. The results are displayed in different colors
when the calculated distances are gap and interference respectively. The interference area
(blue) in the color map reflects the tight fit area in the real wearing relationship, and the
gap area (red) reflects the wearing gap in the real wearing relationship. The green areas
are deviation within the threshold value. The detailed algorithm flow is shown in Fig. 1.

3 On-Line Course Design

The aim of this course is to test the fit of the VR facial interface to five 3D Chinese
statistical head models through a virtual simulation experiment. The user selects target
head model and 3D VR model, and then online deviation analysis was conducted after
model processing and facial interface-headform alignment. The report was generated
and exported after the analysis was completed.

3.1 Steps for Conducting an Experiment

The main interface of the virtual simulation online course platform is shown in Fig. 2.
The user clicks the “Start” button to enter the comfort evaluation simulation experiment.

Step 1: Select the Target Head Mold. Five sizes of reference headformswere adopted
in this system, which include: long-narrow, large, short-wide, medium and small heads.
The user selects a specific head model to start the VFA (see Fig. 3).
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Fig. 1. Algorithm flow of deviation analysis

Fig. 2. The main interface of the virtual simulation online course platform
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Fig. 3. Interface for selecting the target headform

Step 2: Choose the Product Model. The platform has integrated 3 mainstream VR
headset models, namely Google Daydream, HTC Vive and Oculus Quest. Users can
choose from them or upload a new model from local files. The interface is shown in
Fig. 4.

Fig. 4. Interface for importing VR models

Step 3: Rebuild the Product Coordinate System. The steps to rebuild the product
coordinate system are as follows: (1) Users first select two lens centers (O1 and O2)
on the inner surface of the product and one lens center (O3) on the outer surface to
determine the XOY plane, and then select the center point (O4) of the other outer sur-
face lens. O4 is placed on the XOY plane by default by the system. The midpoint of
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the O1–O2 line is calculated as H1. The mid-perpendicular line of O1–O2 on the XOY
plane is determined as the x-axis. (2) The user selects the positive direction of the x-axis,
and the intersection of the x-axis and O3–O4 is recorded as P1, then the midpoint of
H1–P1 is determined as the origin of coordinates. The parallel line of O1–O2 through
the coordinate origin is taken as the y-axis. (3) The user selects the positive direction of
the y-axis. The vertical plane of the XOY plane through the x-axis is determined as the
XOZ plane. (4) The user selects the positive direction of the z-axis, and the coordinate
system is established (see Fig. 5).

Fig. 5. Rebuild VR glasses coordinate system interface (Color figure online)

Step 4: Select the Inner Surface of the Model as the Measurement Model. When
performing a fit analysis on the inner surface of the VR glasses, the facial interface
is selected (see Fig. 6).

Step 5: Head Model - VR Glasses Alignment. The users select point 1 “center point
of right eye lens of VR helmet” and point 2 “pupil point of right eye of headform”. The
midpoint of the pupil connection line of the head model with the midpoint of the pupil
connection line of the glasses were aligned automatically using the n-points manual
registration algorithms (see Error! Reference source not found.). The distance between
the center of the lens and the pupil is then automatically adjusted according to the default
settings. The exit pupil distance can be adjusted by the user until the interference and
gap between the facial interface and the center of the forehead of the headform is close
to zero. An interactive UI was designed and developed so that users can adjust the exit
pupil distance freely by dragging the slider (see Error! Reference source not found.).
The users click the “Confirm” button to start the virtual fit so that the gap between the
head and the helmet can be analyzed (Figs. 7 and 8).
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Fig. 6. Interface for selecting VR facial interface

Fig. 7. Head model - VR glasses alignment interface (Color figure online)

Step 6: Deviation Analysis. After model processing and Head model - VR glasses
alignment, deviation analysis was conduced and the analysis report was generated. The
report contains gap analysis texture maps and data on maximum interference, maximum
gap, average interference, average gap, and the standard deviation of the gap distribu-
tion. The gap analysis texture map is shown in Error! Reference source not found. The
green areas stand for deviation within the threshold value. The deviation analysis results
represent the objective spatial relative position of human-machine adaptation. The actual
facial interface is deformed when people wear the VR glasses, while the 3D model of
facial interface is inserted directly into the 3D headform during virtual fitting (the purple
area in Fig. 9). If more detailed subregional analysis is required, users can export the
analysis report for viewing.
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Fig. 8. A slider that controls the exit pupil distance

Fig. 9. The interface after the deviation analysis (Color figure online)

3.2 Assessment

The virtual simulation experiment platform is the first online platform in the world that
can conduct product fit analysis based on Chinese reference headforms. Five 3D head-
forms were provided, enabling design optimization based on quantitative measurements
such as the horizontal distance between theVR facial interface and the face surface. Com-
pared with the traditional adaptive design evaluation method for wearable products, the
virtual simulation experiment platform established in this study has lighter weight and
lower cost. The proposed virtual fitting analysis method effectively reduces the time and
cost of prototyping and usability evaluation during VR headset design processes. While
virtual fit analysis methods can help designers find ergonomic face patch shapes for a
variety of faces, this study did not consider contact pressure and soft tissue deformation
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when wearing glasses. The validity and applicability of the virtual fitting method need
to be further explored.

4 Conclusion

This paper proposes a cost-effective and practical online experiment platform for VR
glasses fit, which enables undergraduate students majored in industrial design to eval-
uate the comfort of VR glasses conveniently. The virtual fitting experimental platform
proposed in this study can be applied to product design and evaluation before prototyp-
ing. The objective spatial relative position of the human-machine adaptation is reflected
through deviation analysis to provide an objective reference for the wearing comfort of
VR glasses. The design method developed in this study can be applied to other head
worn products. Through the platform’s interactive interface, the online teaching platform
provides students with a user-friendly assessment tool and an effective decision-making
tool for improving the adaptability of VR glasses. It makes the teaching of industrial
design more modern, and further improves the quality of education and teaching. In the
future, the teaching platform and academic programs will be further improved based on
student feedback.
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Abstract. The fast-growing e-commerce has created a new way to do transac-
tions globally, as a result, more business has to provide online stores to maintain
themselves in this new competitive environment. Given that context, it is under-
standable howmuch acceptance open-source platforms had received for new busi-
nesses, with their lower costs and open community support. Facing this growth
in the e-commerce domain, the relevance of usability is even more significant.
For this reason, metrics that can be used to determine whether a software product
meets the appropriate level of usability are needed. However, the traditional met-
rics fail to cover all aspects that these open-source platforms. Because of that, this
article presents a systematic review to identify metrics that canmeasure the degree
of usability. It also shows the most reported aspects that are needed to measure in
e-commerce websites based on open-source platforms.

Keywords: Systematic review · Usability evaluation · Software metrics ·
E-commerce · Open-source websites · HCI · And Usability metrics

1 Introduction

Nowadays, consumers expect to be able to browse and make purchases online. Because
of this, many businesses are jumping online and creating storefronts to compete for sales.
In today’s world, an online presence is essential for staying competitive especially in
the retail domain [14]. However, to launch online successfully needs a strategy encom-
passing many business aspects. In particular, you can partner up with an e-commerce
management services provider who will drive the development of your e-commerce
solution and choose the right platform that will meet your business needs [14].

Open source is one of the most popular options. Making use of an open-source
platform that can be modified and adapted according to the needs of each company,
free of charge with the possibility of having access to a community that is dedicated
to contributing to the growth and improvement of the page, has made the quality of
open-source increased and above all, it has become one of the most attractive tools on
the market [14].
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The current context forces software development teams to consider usability as a
significant advantage in a market that is highly competitive such as e-commerce [3].
These usability evaluation techniques can be classified into qualitative or quantitative
methods [5]. In this scenario, quantifying the usability can bemore advantageous because
allow consultants to perform benchmarking [3]. By establishing the usability degree in
numerical values companies can determine how far they are from their competitors or
notice to which extent they exceed their main referents online [3].

Since open-source e-commerce platforms at present are embedded with new features
every day to satisfy user needs, such as real-time processing, sophisticated designs,
complex components, and excessive functionality [3], that affect the usability degree
of the web applications directly, it becomes important to determine the metrics that are
being used and the aspects that have been measured to solve the gap in research.

In this study, the authors present a systematic review to identify the quantitative
metrics and measured aspects that are reported in the literature to evaluate the usability
of e-commerce websites based on open-source platforms. This article is structured in
four parts: Background of the terms used in this paper, the detailed process of the
Systematic Literature Review, Report of results obtained, and Conclusions. The review
covers a spectrum of five years (from 2017 to 2021), and it is intended for developers,
researchers, and designers to be used and serve as a tool to evaluate usability degree in
these specific e-commerce websites based on open-source platforms.

2 Background

This section describes the different concepts and definitions that are related to the topic
in order to help the reader to better understand the context.

2.1 Usability

According to Jakob Nielsen, it is a quality attribute that assesses how user-friendly user
interfaces are [8]. Also, this author defined usability by 5 quality components:

• Learnability: How easy it is for users to accomplish basic tasks the first time they
encounter the design.

• Efficiency: Once users have learned the design, how quickly they can perform tasks.
• Memorability: When users return to the design after a period of not using it, how
easily they can reestablish proficiency.

• Errors: Number of errors made by users, the severity of these errors, and how easily
users can recover from the errors.

• Satisfaction: How pleasant it is to use the design.

2.2 E-commerce

E-commerce or electronic commerce refers to all online activity that involves distri-
bution, purchase, sale, marketing, and supply of goods, products, or services using the
internet as a medium [11]. This form of commerce has become very popular with the
rise of the Internet, as well as the growing interest of users to buy online [11].
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2.3 Metric

It is a numerical or nominal value assigned to characteristics or attributes of an entity
and is calculated from a set of observable data consistent with intuition [12].

2.4 Systematic Literature Review (SLR)

It’s a methodological process that allows identifying the latest studies that have been
carried out in a scientific area concerning a certain research topic [14].

2.5 Open-Source e-commerce Platforms

An open-source e-commerce platform is a “software application which allows online
businesses managing their website, marketing, sales and operations” [14]. Also, all of
them provide free access to their project code. Their main benefits are [14]:

• Most of them are free.
• Platforms give the business a customizability opportunity.
• You can scale your online shop anytime.
• Most platforms with open source have developed community support.

3 Conducting the Systematic Literature Review

A systematic literature review (SLR) is a methodological process that allows identifying
the latest studies that have been carried out in a scientific area concerning a certain
research topic and are published in the literature [7].

The present work was performed following the methodology defined by Kitchen-
ham [7] to carry out an objective search. Two research questions were formulated to
guide this SLRand a search string based on the PICOCmethod (Population, Intervention,
Comparison, Output, Context) was developed [7]. The databases used for the primary
search were Scopus, IEEE Xplore, and ACM Digital Library.

3.1 Research Questions

The systematic review was conducted with basis on the following research question:
RQ1: What metrics have been reported in the literature during the last five years for

the usability evaluation of E-Commerce websites?
RQ2:What aspects aremeasured in the usability evaluation of e-commercewebsites?
In order to structure the research questions and the information search to perform this

systematic review, the general concepts based on PICOC were defined. These concepts
are Population, Intervention, Comparison, Output, and Context. Given that the purpose
of this review was not focused on comparing metrics that are employed for the usability
evaluation of software products, the comparison criterion was not considered for the
definition of PICOC (Table 1).
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Table 1. PICOC criteria defined for systematic review

Criterion Description

Population Retail e-commerce websites based on open-source platforms

Intervention Quantitative metrics to evaluate the usability

Comparison It does not apply

Output Case studies where a set of quantitative metrics have been applied for the
evaluation of usability degree in retail e-commerce websites based on
open-source platforms

Context Academic context, software industry, and all kinds of empirical studies

3.2 Source Selection

Three recognized databases were selected to perform the search process because they
are the most relevant in the area of computer engineering. The selected databases were
the following:

• Scopus
• IEEE Xplore
• ACM Digital Library

3.3 Search String

For the elaboration of the search string, five general concepts were proposed taking
into consideration the Population and Intervention criteria previously defined. Different
terms were established for each general concept (Table 2).

Table 2. Defined terms for the search string

General concepts Terms

GC1 - usability Usable

GC2 - quantitative metric Metric*, measurement

GC3 - evaluation Quantitative evaluation

GC4 - E-Commerce e-commerce website, commercial website, web application,
transactional website, shopping online, retail, open source
platforms, open source*

GC5 - web site web site*, web

After establishing the search terms, the following basic search strings were defined:
C1: “usability” OR “usable”.
C2: “quantitative metric” OR “metric*” OR “measurement”.
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C3: “evaluation” OR “quantitative evaluation”.
C4: “E-Commerce” OR “e-commerce website” OR “commercial website” OR “web

application” OR “transactional website” OR “shopping online” OR “retail” OR “open
source platforms” OR “open source*”.

C5: “web site*” OR “web”.
Then, the final search string was the following:
C1 AND C2 AND C3 AND C4 AND C5.
(“usability” OR “usable”) AND (“quantitative metric” OR “metric*” OR “mea-

surement”) AND (“evaluation” OR “quantitative evaluation”) AND (“e-commerce” OR
“ecommerce” OR “e-commerce website” OR “commercial website” OR “web applica-
tion” OR “transactional website” OR “shopping online” OR “open source platforms”
OR “open source*”) AND (“web site*” OR “web”).

Finally, the search strings adapted to the syntax used by the search engine of each
database were established:

SCOPUS: TITLE-ABS-KEY ((“usability” OR “usable”) AND (“quantitative met-
ric” OR “metric*” OR “measurement”) AND (“evaluation” OR “quantitative evalua-
tion”) AND (“e-commerce” OR “e commerce” OR “e-commerce website” OR “com-
mercial website” OR “web application” OR “transactional website” OR “shopping
online” OR “open source platforms” OR “open source*” OR “retail”) AND (“web
site*” OR “web*”)).

IEEE Xplore: ((“usability” OR “usable”) AND (“quantitative metric” OR “met-
ric*” OR “measurement”) AND (“evaluation” OR “quantitative evaluation”) AND (“e-
commerce”OR “ecommerce”OR “e-commercewebsite”OR “commercial website”OR
“web application” OR “transactional website” OR “shopping online” OR “open source
platforms” OR “open source*” OR “retail”) AND (“web site*” OR “web*”)).

ACM Digital Library: (“usability” OR “usable”) AND (“quantitative metric” OR
“metric*” OR “measurement”) AND (“evaluation” OR “quantitative evaluation”) AND
(“e-commerce”OR “ecommerce”OR “e-commercewebsite”OR “commercial website”
OR “web application” OR “transactional website” OR “shopping online” OR “open
source platforms” OR “open source*”) AND (“web site*” OR “web”).

Only relevant studies whose publication date was since 2017 were considered for
this review.

3.4 Inclusion and Exclusion Criteria

The inclusion criteria were the following:

1. The article is written in English.
2. The article presents a case study in which one or some quantitative metrics have

been applied for the evaluation of usability degree in retail e-commerce websites.
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On the other hand, to determinate which studies will not be considered, the following
exclusion criteria were established:

1. Articles not related to evaluating quantitatively the usability of e-commerce websites
2. Studies about usability evaluation of websites for people with disabilities
3. Studies related to the usability evaluation of physical devices
4. The article’s publication date wasn’t 2017 or later.

3.5 Data Collection

The automated search for this systematic literature review was performed on October
8th, 2021 in the Scopus database and on November 23th, 2021 in the IEE Xplore and
ACM Digital Library database.

A total of 192 results were obtained from the three consulted databases. After the
inclusion and exclusion criteria were applied, 6 articles were selected as relevant for this
review process.

Table 3 shows the number of articles that were found during the search process and
Table 4 shows the list of articles selected. This list included one article which year isn’t
included in the range established previously because this article is mentioned in one of
the previews articles mentioned and the information provided is useful for the research.

Table 3. Summary of search results

Database name Search result Duplicated
papers

Relevant papers

Scopus 92 0 4

IEE Xplore 27 5 3

ACM digital library 404 20 2

Table 4. Details of selected articles

Year Author(s) Paper title

2020 Vasconcelos, L. G., Baldochi, L. A., &
Santos, R. D. C

An approach to support the construction
of adaptive Web applications

2020 Wahyuningrum, T., Kartiko, C., &
Wardhana, A. C

Exploring E-Commerce Usability by
Heuristic Evaluation as a Complement
of System Usability Scale

2019 Diaz, E., Arenas, J. J., Moquillaza, A., &
Paz, F

A systematic literature review about
quantitative metrics to evaluate the
usability of E-commerce web sites

(continued)



490 M. Quispe

Table 4. (continued)

Year Author(s) Paper title

2019 Diaz, E., Flores, S., & Paz, F Proposal of Usability Metrics to
Evaluate E-commerce Websites

2018 Puteri, R. N., & Widyanti, A E-commerce of Islamic fashion
product: usability and user acceptance

2017 Ahmad et al Utilizing WAMMI Components to
Evaluate the Usability of E-commerce
Website

2017 Anjos & Gontijo Usability Tool to Support the
Development Process of E- commerce
Website

2017 R. Kumar and N. Hasteer Evaluating usability of a web
application: A comparative analysis of
open-source tools

2016 Santos et al Metrics focused on usability ISO 9126
based

4 Report and Analysis of Results

The articles obtained from the systematic literature review help to answer the two
research questions defined previously.

4.1 Metrics Used for the Usability Evaluation of E-Commerce Websites

According to the results obtained from the systematic review, a large number of metrics
used to evaluate e-commerce websites were identified. However, no study was found in
the literature that shows the existence of usability evaluation metrics focused on open-
source e-commerce platforms, therefore, answering the question posed, it was shown
that currently there is no previous study in this regard. Despite this, the importance of the
content of each of the articles obtained by the systematic search should be highlighted
since, although they are not focused on open-source e-commerce platforms, the existence
of evaluation metrics can be visualized of usability in e-commerce web platforms.

After an analysis of the relevant papers, we were able to determine seventy-nine
metrics that are currently reported in the literature during the period 2017–2021 to
assess the usability of e-commerce websites. The results are presented in Table 5.
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Table 5. List of quantitative metrics reported in the systematic review

ID Metric Formula Aspect

M1 SUS Sum of all score
contributions for the ten
items multiplied by 2.5

Satisfaction

M2 Usability index (
∑

sim(Si, Sj))/QI
Si represents the sequence of
events resulting from the
end-user interactions. Sj is
the sequence of events of the
optimal path. QI is the
number of times task and I
was performed by end-users

Effectiveness,
Efficiency

M3 Loading time T = Ti where Ti is the
loading time of the home
page

Accessibility

M4 Help accessibility X = A/B where A is the
number of correct tasks
online found and B the total
of tasks evaluated

Accessibility

M5 Easy to learn how to
perform a task

T = Tf where Tf is the
amount of time a user takes
until they achieved the
desired result in the task
performed

Learning

M6 Average time of component
use

T = Hu – Hi where Hu is the
final time after the
component is used and Hi is
the initial time of component
use

Learning

M7 Average time to master the
component

T = Hd – Hi where Hd is the
end time after mastering the
component, and Hi is the
initial time of the test

Learning

M8 Proportion of elements that
get the customer’s attention
(banners, animation, etc.)

X = A/B where A is the
number of elements
identified by the user and B
is the total of elements in the
website

Attractive

M9 Operation interface density X = A where A is the
number of functions found
in a GUI

Attractive

(continued)
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Table 5. (continued)

ID Metric Formula Aspect

M10 Attractive interaction Questionnaire to evaluate the
attractiveness of the interface
for users after the interaction

Attractive

M11 Appearance and aesthetics
of user interfaces

X = A/B is the number of
aesthetically pleasing
screens for the user and B is
the number of screens
displayed

Attractive

M12 Categories in help section X = A/B where A is the
number of categories found
by the user and B is the total
of help categories

Help and documents

M13 Help messages understood X = A/B where A is the
number of messages
understood by the customer
(successfully proved) and B
is the total of help messages
consulted

Help and documents

M14 Customer support X= N where N is equal to 0,
if a virtual assistance chat
does not exist and equal to 1,
if a virtual assistance chat
exists

Help and documents

M15 Proportion of filters by
category

X = 1 – A/B where A is the
number of filters selected by
the user and B is the total of
filters in the search section

Information search

M16 Proportion of search boxes X = A/B where A is the
number of search boxes
showed and B is the number
of sections visited

Information search

M17 Proportion of filters to
advanced search

X = A/B where A is the
number of filters found and
B is the total of search filters

Information search

M18 Products related to the
search

X = C where C is the
number of products related
to the search

Information search

(continued)
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Table 5. (continued)

ID Metric Formula Aspect

M19 Help with errors X= N where N is equal to 0,
if the website does not help
the user with their errors,
and equal to 1 if the website
offers help with errors

Quality of error

M20 Error messages by the
density of functional
elements

X = C where C is the total
number of errors that show
up due to overload

Quality of error

M21 Proportion of error
messages that are correctly
understood

X = A/B where A is the
number of errors that are
understood by users and B is
the total number of errors

Quality of error

M22 Correction of the user’s
entry errors

X = A/B where A is the
number of entry errors for
which the system provides a
suggested correct value and
B is the number of entry
errors detected

Quality of error

M23 Payment methods X = A/B where A is the
number of payment methods
that the user found useless
and B is the number of
payment methods provided
by the website

User’s cultural
background

M24 Affiliates registration X= N where N is equal to 0,
if the website does not offer
to affiliate with Facebook,
Gmail or others and equal to
1, if the website offers to
affiliate with Facebook,
Gmail or others

User’s cultural
background

M25 Contact information X = C where C is the
number of means to contact
with the customer service

Behavior of the after-sale
service

M26 Purchase confirmation
message

X= N where N is equal to 0,
if an email confirmation does
not exist and equal to 1, if an
email confirmation exists

Behavior of the after-sale
service

(continued)
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Table 5. (continued)

ID Metric Formula Aspect

M27 Tracking order X= N where N is equal to 0,
if the user cannot track its
order and equal to 1, if the
user can track their order

Behavior of the after-sale
service

M28 Order options (returns,
changes, cancellations)

X = A/B where A is the
number of order options that
the user found useless and B
is the number of order
options that the website
provides

Behavior of the after-sale
service

M29 Design style X = A/B where A is the
number of sections with the
same style of design and B is
the number of sections
navigated by the user

Web design consistency

M30 Simplified product
information

If, A < B then X = A/B
If, B < A then X = B/A
Where A is the number of
elements of information by
product the user needs and B
is the total number of
elements of information of a
product

Density of the information

M31 Relevant product
information

X = A/B where A is the
total of aspects that the user
wants to know about the
product and B is the total of
aspects that provides the
system about the product

Density of the information

M32 Metaphors understood X = A/B where A is the
number of metaphors
understood by the user and B
is the number of metaphors
consulted to the user

Understanding

M33 Complete description X = A/B where A is the
number of functions that are
understood by the user and B
is the total of functions

Understanding

(continued)
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Table 5. (continued)

ID Metric Formula Aspect

M34 Demonstration of
accessibility

X = A/B where A is the
number of satisfactory cases
in which the user achieves to
watch the demonstration and
B is the number of cases in
which the user is requested
to watch the demonstration

Understanding

M35 Demonstration effectiveness X = A/B where A is the
number of functions
correctly performed after the
tutorial and B is the total
number of demonstration or
tutorials reviewed by the
user

Understanding

M36 Understandable functions X = A/B where A is the
number of interface
functions correctly described
by the user and B is the
number of functions
available in the interface

Understanding

M37 Understandable inputs and
outputs

X = A/B where A is the
number of input and output
data elements that the user
understands successfully and
B is the number of input and
output data elements
available from the interface

Understanding

M38 Proportion of exceptions
that are correctly
understood

X = A/B where A is the
number of exceptions that
were used correctly and B is
the total number of
exceptions

Understanding

M39 Proportion of returned
values that are correctly
understood

X = A/B where A is the
number of returned values
that are understood by the
user and B is the total
number of returned values

Understanding

M40 Hover time X = T where T is the total
time of suspension of a
component

Understanding

(continued)
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Table 5. (continued)

ID Metric Formula Aspect

M41 Standard iconography X = C where C is the
number of icons identified
by the user who do not know
their usefulness

Web design standards

M42 Recommended products X = A/B where A is the
number of recommended
products satisfactory to the
user and B is the number of
products that recommend the
website

Flexibility and
effectiveness

M43 Selected products X = A/B where A is the
number of sections from
where is possible to access to
the shopping cart and wish
list and B is the number of
sections visited by the user

Flexibility and
effectiveness

M44 Response time T = Tr where Tr is the
response time of the website

Functionality

M45 Proportion of functional
elements with the
appropriate name

X = A/B where A is the
number of functions with a
correct name and B is the
total number of functions

Functionality

M46 Proportion of functional
elements used without
errors

X = A/B where A is the
number of functions that
were used correctly and B is
the total number of functions

Functionality

M47 Product information X = A/B where A is the
number of information
labels per product that the
user finds and B is the total
of information labels of a
product that the user is
looking for

Information

M48 Product quality X = A/B where A is the
number of types of
qualification found by the
user and B is the total rating
types on the website for the
product

Information

(continued)
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Table 5. (continued)

ID Metric Formula Aspect

M49 Information about the
delivery of the product

X = A/B where A is the
amount of the information
the user needs and B is the
amount of information about
the delivery of the product

Information

M50 Product availability X= N where N is equal to 0,
if there is no visibility of the
information and equal to 1,
if there is a visibility of the
information

Information

M51 Hovers X = A where A is the
number of suspensions of a
component

Information

M52 Understandable information X = A/B where A is the
number of information
labels understood by the user
(description, specifications)
and B is the number of
information labels read by
the user

Legibility

M53 Understandable labels X = A/B where A is the
number of information labels
understood by the user in all
their queries (categories,
sections, etc.) and B is the
number of information
labels read by the user

Legibility

M54 Appearance of wish list X = A/B where A is the
number of times the desired
list icon is found in the
sections visited and B is the
number of sections visited

Minimize memory load

M55 Desired products X = N where N is equalto0,
if there is no list of desired
products and equal to 1, if
there is a list of desired
products

Minimize memory load

(continued)
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Table 5. (continued)

ID Metric Formula Aspect

M56 Recent search X = A/B where A is the
number of recent searches
displayed by the website and
B is the total of searches
made by the user

Minimize memory load

M57 Loading time between the
different sections

T = � (Ti) where Ti is the
loading time in each section

Navigability

M58 Proportion of identified
product categories

X = A/B where A is the
number of categories found
by the user and B is the total
of categories of the website

Navigability

M59 Operational consistency (a)X = 1–A/B where A is
the number of messages or
functions that the user has
found inconsistent with what
he expected and B is the
number of messages or
functions
(b) Y = N/UOT where N is
the number of operations
that the user found
inconsistent with what was
expected and UOT is the
user’s operating time (during
the observation period)

Operability

M60 Correction of error T = Tc – Ts where Tc is the
time to complete the
correction of a specified type
of errors of the performed
task and Ts is the start time
of the correction of the
errors of the performed task

Operability

M61 Appearance consistency X = 1 – A/B where A is the
number of user interfaces
with similar elements but
with different appearance
and B is the number of user
interfaces with similar
elements

Operability

(continued)
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Table 5. (continued)

ID Metric Formula Aspect

M62 Number of steps for the
purchase process

X = C where C is the
number of steps made by
customers to make a
purchase

Transaction status
feedback

M63 Standardized symbology X = A/B where A is the
number of icons consulted
by the user in all the sections
that fulfill the same
functionality and B is the
number of icons consulted
by the user

Standard symbology

M64 Relative task efficiency X = �(Ti*Ni)/�(Ti) where
Ti is the time it takes for the
client “i” to complete the
task and Ni is equal to 0, if
the task is not completed and
equal to 1, if the task is
completed

Simplicity

M65 Register X = A/B where A is the
amount of information that
the user considers necessary
and B is the amount of
information requested by the
website

Simplicity

M66 Proportion of visible offers X = A/B where A is the
number of visible offers and
B is the total of offers on the
website

Purchase decision

M67 Existing questions X = A/B where A is the
number of questions found
by the user and B is the
number of questions sought
by the user

Purchase decision

M68 Comments X= N where N is equal to 0,
if you are not allowed to
comment and equal to 1, if
you are allowed to comment

Purchase decision

(continued)
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Table 5. (continued)

ID Metric Formula Aspect

M69 Payments X = A/B where A is the
amount of information
regarding the payment found
by the user and B is the
amount of information
regarding the payment
necessary for the user

Purchase decision

M70 Purchase time T = Tc where Tc is the time
it takes to complete a
transaction

Transaction

M71 Help in the purchase X= N where N is equal to 0,
if there is no guide or
purchase tutorial for users
and equal to 1, if there is a
shopping guide or tutorial

Transaction

M72 Purchase summary X= N where N is equal to 0,
if there is no purchase
summary for users and equal
to 1, if there is a purchase
summary

Transaction

M73 Visibility of the number of
customers

X= N where N is equal to 0,
if there is no visibility of the
information and equal to 1,
if there is a visibility of the
information

Visibility and clarity of
elements and status of the
system

M74 Visibility of the system state X= N where N is equal to 0,
if there is no visibility of the
information and equal to 1,
if there is a visibility of the
information

Visibility and clarity of
elements and status of the
system

M75 Visibility on the status of
the purchase in all sections
of the purchase process

X= N where N is equal to 0,
if there is no visibility of the
information and equal to 1,
if there is a visibility of the
information

Visibility and clarity of
elements and status of the
system

M76 Binary system Percentage of the success of
the user in completing the
task of using the product

Effectiveness

M77 Time of task completion The task completion time Efficiency

M78 Frequency of error The mistakes made by users
while using website

Efficiency

(continued)
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Table 5. (continued)

ID Metric Formula Aspect

M79 Questionnaire for User
Interaction Satisfaction

User Satisfaction

4.2 Aspects Measured in the Usability Evaluation of E-Commerce Websites

According to the articles resulting from the systematic review, different aspects are
measured in the usability evaluation of e-commerce websites. In Table 6, we show new
aspects that don’t form part of the ISO/IEC 25022:2016 standard.

Table 6. Aspects

ISO/IEC 25022:2016 SLR

Effectiveness
Efficiency
Satisfaction
Flexibility

Learning
Attractive
Information search
Quality of error
User’s cultural background
Behavior of the after-sale service
Web design consistency
Density of the information
Understanding
Web design standards
Functionality
Information
Legibility
Minimize memory load
Navigability
Operability
Transaction status feedback
Standard symbology
Simplicity
Purchase decision
Transaction
Visibility and clarity of elements and status of the system

In addition, the literature review allows determining the five most reported aspects
to measure in usability evaluation, which are: (1) effectiveness, (2) efficiency, (3)
satisfaction, (4) learning, and (5) attractiveness.
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5 Conclusions and Future Work

From the systematic review of the literature, we can conclude that there are studies in
which several usability evaluationmetrics have not only been proposed but also validated
in e-commerce web pages.

Following a predefined protocol, 79 quantitative metrics and 27 usability aspects
were identified. This work allowed us to determine that: (1) effectiveness, (2) efficiency,
(3) satisfaction, (4) learning, and (5) attractiveness are the most reported aspects to
measure in usability evaluation according to the literature. Moreover, in this study, we
have identified that one of themost used usability evaluationmetrics is themetric number
76 (M76), which indicates the percentage of the success of the user in completing the
task of using the product. This metric was recalled inmost of the articles since it provides
very useful information to detect the problems that users have with the GUI of a system
and reflect easily the effectiveness of the website.

Even though there weren‘t any articles or studies found in the literature that propose
or evaluate these metrics in retail domain e-commerce websites based on open-source
platforms, the list of metrics and aspects that had been identified based on the review
can be used as a preliminary approach for the future elaboration of a new set of usability
evaluation metrics for e-commerce websites based on open-source platforms.
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Abstract. With the development of communication technology and network,
museumwebsites have become an important way for people to appreciate cultural
relics and understand the urban culture. The museum website is the forerunner of
the physical museum, and the usability of the website greatly affects the user’s
experience. To systematically study the influencing factors of museum website
usability, this paper used the Analytic Hierarchy Process (AHP) to construct a
museum website usability evaluation system, and took the Foshan Museum web-
site as the research object, using the classic usability testingmethod to evaluate the
website usability, collected objective performance indicators, behavioral data, and
subjective evaluations of participants. A total of 10 university graduate students
participated in this experiment. The experimental results showed that the current
website of Foshan Museum had problems such as confusion of information struc-
ture and lack of key information. The hierarchical structure of the website was
optimized using theHierarchical TaskAnalysis (HTA)method. Finally, the usabil-
ity test was repeated, and the improvement of the website usability was verified
through data analysis. This study also draws some general conclusions, which
provide some reference value for the same type of website optimization in the
future.

Keywords: Usability testing · Museum website · Usability design · Analytic
hierarchy process · Hierarchical task analysis

1 Introduction

Museums are among the most influential cultural institutions [1], and a study commis-
sioned by the European Union showed that the recruitment of cultural institutions such
as museums can help promote social innovation and creativity. As the forerunner of the
physical museum, the museum website undertakes the function of displaying the basic
information of the museum [2]. Users can get a preliminary understanding of the phys-
ical museum through the website; secondly, with the development of communication
technology and the network, the museum website has gradually become the exhibition
of cultural relics. As one of the main channels of commerce, more and more people tend
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to choose the form of online cultural relics visit. Studies have shown that the number of
visitors to online museums has increased substantially [3]. It can be seen that museum
websites are playing an increasingly important role in cultural promotion [4].

The usability, content and other characteristics of the website have a significant
impact on the willingness of users to visit the museum again and the entity to visit the
museum [5, 6]. However, many website developers currently ignore the needs of the
main website visitors and lack principles to guide the development process [7], causing
most users to experience problemswith it. In addition, the content of museumwebsites is
mixed, the information is complex, and the interactive features vary widely, so there is a
huge demand for evaluating such websites. To solve the above problems, this paper takes
the website of Foshan Museum as the research object and conducts relevant usability
research.

2 Method

First, based on the existing usability research and the characteristics ofmuseumwebsites,
this paper built a usability evaluation system for museumwebsites and used the Analytic
Hierarchy Process (AHP) method to assign weights to different indicators in the system.
After that, this paper took the Foshan Museum as an example and used the classic
usability testing method to test and evaluate its usability. Finally, through data analysis,
we found the inadequacy of website usability and proposed improvement directions for
the website. The usability research method used in this paper is shown in Fig. 1.

Fig. 1. Method flow map

2.1 Usability

Availability is defined by many scholars, and its connotation and denotation are not the
same. In 1993, Nielsen defined usability as the function that users can easily use the
system, and he also set the five criteria of usability evaluation as easy to learn, easy to
remember, efficacy, less operational errors, and user satisfaction [8]. In 1994, scholar
Preece further defined usability as the degree of ease of use, effectiveness, efficiency and
security of the system used, as well as the user’s attitude towards the operating system
[9]. In 2003, Iwarsson et al. considered usability as the user’s ability to use a product,
interface or system instinctively and efficiently [10]. In 2006, Fengpei et al. believed that
usability refers to the extent to which a system, product or service can be effectively, effi-
ciently and satisfactorily implemented by a specific user in a specific environment [11].
The international standard ISO9214 defines usability as the effectiveness of the interac-
tion process, interaction efficiency and user satisfaction when users use the product to
complete specific tasks in a specific environment [12].
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Some researchers have developed usability assessment methods and used them for
website evaluation. For example, Fotakis and Economides proposed a quality assessment
framework called MuseumQual [13]. In addition to these, there are the Museum Site
Evaluation Framework (MUSEF) [14], Questionnaire For User Interaction Satisfaction
(QUIS), and Software Usability Measurement Inventory (SUMI).

WAMMI, developed in 1999 by theHumanFactorResearchGroup (HFRG), is one of
the most popular website assessment tools [15]. WAMMI divides the factors of website
usability into attractiveness, controllability, efficiency, helpfulness and learnability, and
evaluates the abovefive factors through a20-standard sentencequestionnaire.Combining
the cultural characteristics and visiting attributes of museum websites, and referring to
WAMMI and other usability theories, this paper defines museum website usability as
four dimensions: effectiveness, efficiency, aesthetics, and controllability. The specific
definitions are shown in Table 1.

Table 1. Usability index of the Museum Website

Dimension Symbol Definition

Effectiveness C1 Accuracy and completeness with which users achieve goals

Efficiency C2 Resources used to the results achieved

Aesthetics C3 Satisfaction with website appearance, layout, text and pictures

Controllability C4 The user’s perception of the website’s operating status

2.2 Analytic Hierarchy Process (AHP)

This paper uses the Analytic Hierarchy Process (AHP) to assign weights to the above
four usability dimensions. AHP was first proposed by the famous American operations
researcher ALsaaty in 1971 in the 1970s. The method divides the elements related to the
target into different levels, and on this basis, qualitative and quantitative analysis of the
elements of each level. Analysis, its quantitative indicators come from the comparison
between two elements, and finally the weights of different elements can be obtained
through calculus. The specific operations are as follows:

(1) Establish a ladder hierarchy model: The usability model of the museum website
above is shown in Fig. 2.

Fig. 2. The usability model of the museum website for Analytic Hierarchy Process.
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(2) Construct a judgment matrix: use the comparison scale method to assign the impor-
tance of the elements, compare the elements in pairs, and use the numbers from 1 to
9 and their reciprocals to indicate the relative importance of the assessment factors
to the risk. The comparison scale is shown in Table 2. Based on consulting relevant
experts, the final comparison result is the judgment matrix, as shown in Table 3.

Table 2. Comparison scale description.

Importance scale Importance description

1 Equal importance of “i” and “j”

3 Weak importance of “i” over “j”

5 Strong importance of “i” over “j”

7 Demonstrated importance of “i” over “j

9 Absolute importance of “i” over

2, 4, 6, 8 Intermediate values

Note: 1, 1/2, 1/3, ……, 1/9 are the results of the inverse comparison of
the above two factors

Table 3. Judgment matrix.

C1 C2 C3 C4

C1 1 3 5 7

C2 1/3 1 3 5

C3 1/5 1/3 1 3

C4 1/7 1/5 1/3 1

(3) Calculate the weight vector, do the consistency check and calculate the weight
value: use the geometric mean method to calculate the weight vector Wi of the
judgment matrix, which is the weight value Wi after normalization. The formula is
shown in (1) (2), and the calculation result is as follows shown in Table 4.

Wi = n

√
√
√
√

n
∏

j=1

xij , i, j = 1, 2 . . . , n (1)

Wn
i = Wi

∑n
i=1Wi

(2)
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Table 4. Availability weight calculation results.

Item Feature vector Weights Maximum eigenvalue

Effectiveness 2.232 55.789% 4.118

Efficiency 1.053 26.335%

Aesthetics 0.487 12.187%

controllability 0.228 5.689%

To ensure the consistency of the importance before and after the pairwise comparison
process, a consistency test is required.

CI = λ − n

n − 1
(3)

CR = CI

RI
(4)

Among them, CI is the consistency test index, CR is the consistency ratio, RI is
the random consistency index, λmax is the maximum eigenvalue, and n is the matrix
dimension. When n = 4, consult the international average random consistency index
RI value table, RI = 0.58, CR = 0.039 < 0.1, so the matrix meets the consistency
requirements.

2.3 Usability Testing

Process of the Experiment
The experimental process of this paper is: scenario test, questionnaire survey and
retrospective interview.

The performance measurement method was used in the scenario test to record the
time to complete the task, the number of errors and the number of help. During the
test, subjects were encouraged to express their inner thoughts when taking actions, and
screen recording was turned on during the test to record the subjects’ complete operation
process for subsequent analysis and review.

After the scenario test and questionnaire survey, the main tester interviewed the
subjects about the usability of the website, and recorded the subjects’ answers, as shown
inTable 5. The interview is a reviewand evaluation of thewebsite as awhole. The subjects
give personal opinions through the actual use process. The feedback is subjective, direct
and highly targeted. These subjective evaluations can provide suggestions for subsequent
website optimization.
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Table 5. Retrospective interview form.

Question Answer

Was anything too obtrusive?

Was anything too well hidden?

Problems or kudos on the color scheme?

Easy to read (both font style and size)?

How did you find the layout of the site?

How intuitive and helpful is the navigation system?

What would encourage you to return to this site in the
future?

Name your three favorite things about the site, and your
three least favorite

If you could change one thing on the site, whether it is
major or minor, what would be at the top of the to-do list?

Scenarios Settings
According to the user’s habit of visiting museums in real life, the scenario test designs
three usage scenarios and corresponding tasks. The difficulty of scenarios and tasks goes
from simple to deep, which is similar to the process of users gradually understanding
the website when using the website. The roles of each scene are graduate students who
need to have an in-depth understanding of Foshan’s history and culture.

Scenario 1: You are a graduate student of the School of Design. According to the
course arrangement, you are currently conducting research on Foshan culture. To gain a
deeper understanding of Foshan culture, you plan to visit the Foshan Museum recently.
Before that, you want to know in advance through the website of the Foshan Museum.
For the specific location and opening hours of the Foshan Museum, if possible, I would
like to check whether the museum has a voice broadcast service. The tasks of Scenario
1 are shown in Table 6.

Table 6. Scenario 1 task sheet.

No Content

Task 1–1 Find the exact location of the Foshan Museum

Task 1–2 Find the exact opening hours of the Foshan Museum

Task 1–3 Find out if the Foshan Museum has a voice broadcast function

Scenario 2: You are a graduate student of the School of Design. You have two
main interests in browsing the Foshan Museum website this time. First, you are very
interested in historical celebrities in Foshan, such as Huang Shijun, and want to know
his life stories. Second, you love calligraphy, and you want to appreciate the calligraphy
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of famous people, such as Zhang Ruitu’s cursive handscroll. Return to the main page
after browsing. The tasks of Scenario 2 are shown in Table 7.

Table 7. Scenario 2 task sheet.

No. Content

Task 2–1 Find out about Huang Shijun’s life story

Task 2–2 Find Zhang Ruitu’s cursive handscroll

Task 2–3 Back to the home page of Foshan Museum

Scenario 3: You are a graduate student of the School of Design. After understanding
the culture of Foshan, you finally choose “Foshan’s ancestral temple culture” as the
main content of the course report. For this purpose, you need to understand the historical
origin of the Foshan ancestral temple; and you are writing the direction of the Foshan
ancestral temple, you need to check whether the library has related papers. The task
table for scenario 3 is shown in Table 8.

Table 8. Scenario 3 task sheet.

No Content

Task 3–1 Find the historical origin of Foshan Zuo Temple

Task 3–2 Find papers on ancestral temples in Foshan

Usability Scale
After the test of each scenario, the subjects filled out the usability scale and scored
various indicators of the website according to the just-completed experimental scenario.
After the three scenarios were tested, subjects were required to fill out a total of three
usability scales. The scale is modified from WAMMI 20 structured questions, as shown
in Table 9. Each question in WAMMI will be represented by the letters A-P below.

The questions in the scale have both positive and negative descriptions. To facilitate
the analysis, this paper unifies the correspondence between the scores in the scale and
the semantics in the subsequent analysis. 5 points indicate that you are very satisfied
with the website on this issue, and 1 point for strong dissatisfaction.

The usability scale scores the website mainly from the aspects of layout design,
ease of use, and efficiency, and quantifies the user’s evaluation through the usability
scale, which is conducive to our subsequent exploration and modification of website
deficiencies.
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Table 9. Usability scale.

Post-survey user experience

Characteristics Statement

C1
Effectiveness

A. Using this website saves time

B. I can quickly find what I want on this website

C. The response speed of this website is too slow

D. The information organization structure of the website seems to be in line
with my logic

C2
Efficiency

E. The content information on the website is useful

F. I can easily find what I am looking for on this site

G. When I click on something on this website, the interface that pops up is not
what I want

H. This site has some redundant features or duplicate content

C3
Aesthetics

I. The pages on this site are very attractive

J. The text and pictures on this website are clearly visible

K. The number of buttons/links on this website is reasonable

L. This website is easy to use

C3
Controllability

M. I am aware of the current operating status of the website

N. I know where I am currently on the site

O. I can easily go back to the previous website interface

P. When I use this site, I feel like everything is in control

Participation Instructions and guidelines for participating in the usability testing were clear

1 Strongly Disagree, 2 Somewhat Disagree, 3 Somewhat Agree, 4 Agree, 5 Strongly Agree

Participant Sample Description
The participants in the experiment were all from the first-year postgraduates of the
School of Design, South China University of Technology, and their ages ranged from
21 to 25 years old. There were 4 males and 4 females, all of whom had museum visiting
experience, but they all used the Foshan Museum website.

3 Results

3.1 Performance Results

Task duration, fork in the road, help statistics: The time and forks spent by each subject
on each small task were recorded, and the data are shown in Table 10, 11 and 12. The
completion time of each task and the number of fork roads taken are recorded in the
table. The time measures the efficiency of completing the corresponding task, and the
fork roads represent the number of times of beingmisled. At the same time, the form also
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recorded whether the subjects needed help. The way to help was to inform the subjects
of the location of the interface where the current task was located. Since the subjects
were often able to successfully solve the task after one prompt, there was no need to
record the number of times of help.

Table 10. Task time and Fork Statistics in Scenario 1.

No. Total
time/s

Time
of
task
1–1/s

Fork
road
of
task
1–1

Help Time
of
task
1–2/s

Fork
road
of
task
1–2

Help Time
of
task
1–3/s

Fork
road
of
task
1–3

Help

1 325 65 0 103 3
√

157 4
√

2 207 11 0 75 6
√

121 5
√

3 334 45 0 103 4
√

186 3
√

4 331 36 0 121 3
√

174 3
√

5 347 47 0 134 4
√

166 2
√

6 298 53 0 112 4
√

133 2
√

7 235 24 0 83 2 128 3

8 371 35 0 187 5
√

149 4
√

Sum 2448 316 0 0 918 31 7 1214 26 7

Average 306 39.5 0 114.7 3.8 151.7 3.25

Variance 3226 286.2 0 1214 1.5 538.2 1.07

From the specific data, for the three subtasks in scenario 1, they are all inquiries
about the basic information of the venue, but the time of 1–1 is significantly less than
that of 1–2 and 1–3. This is because the task goal of 1–1 is It is listed separately in the
navigation bar of the website and is very clear. The help rate of tasks 1–2 and 1–3 is
very high, because the two task goals of “time and place” do not appear in a conspicuous
position, making it difficult for users to find, and the information given is very vague,
making it difficult for users to accurate judgment. Therefore, some general information
that each museum should have, such as location and opening hours, should be placed in
a place that is eye-catching and user habitual—the home page, which is a habit formed
by users browsing similar websites. The detailed data are shown in Table 10.

For the three tasks in scenario 2, it is more obvious that the number of forks in
tasks 2–2 is large, with an average of 4.4, indicating that there is a problem with the
information guidance of the website on the solution of the task, which is caused by the
inaccurate classification of the navigation bar. Yes, the classification of content on the
website appears to contain and overlap each other, which makes users very confused.
Secondly, the help rate of 2–2 is also extremely high. Combined with the analysis of
the actual situation of the website, this is because the entrance of this task is difficult to
find. The time to complete tasks 2–3 is very short, with an average time of 14.3s, but the
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Table 11. Task time and Fork Statistics in Scenario 2

No. Total 
time/s 

Time 
of
task 
2-1/s

Fork
road 
of
task
2-1

Help Time 
of
task 2-
2/s

Fork
road 
of
task
2-2

Help Time 
of
Task 
2-3/s

Fork
road 
of
task
2-3

Help

1 239 31 1 193 5 √ 15 3
2 135 10 0 113 1 12 1
3 194 30 1 147 6 √ 17 1 √
4 214 25 0 179 6 √ 10 0
5 202 29 0 158 3 √ 16 2
6 280 41 1 223 5 √ 16 3 √
7 259 36 0 206 4 √ 17 2
8 165 18 0 135 3 12 0
Sum 1689 220 3 0 1354 33 6 115 12 2
Aver-
age

211.1 27.5 0.38 169.2 4.13 14.3 1.5

Vari-
ance

2300 96.8 0.26 1408 2.98 7.1 1.42

Table 12. Task time and Fork Statistics in Scenario 3

No. Total 
time/s 

Time of
task 3-
1/s

Fork
road 
of
task
3-1

Need 
help

Time of
task 3-
2/s

Fork
road 
of
task
3-2

Need 
help

1 191 65 3 126 1
2 120 45 0 75 0
3 175 58 2 117 4 √
4 313 90 0 223 9 √
5 247 72 2 175 4 √
6 292 85 3 207 6 √
7 259 76 2 183 4
8 170 46 0 124 2
Sum 1767 537 12 0 1230 30 4
Aver-
age

220.8 67.1 1.5 153.7 3.75

Vari-
ance

4491.8 281.2 1.71 2592.2 8.21

number of forks is abnormally large, with an average of 1.5. Combined with the analysis
of the website and tasks 2–3, this is because the website is in this part. The home page
return key is set too hidden. The detailed data are shown in Table 11.
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For the two tasks in Scenario 3, the classification levels of the two tasks are the same,
that is, the third level, and the content of the tasks is similar. However, compared with
3–1, task 3–2, the average duration, the average number of forks, and the total number of
assists are significantly higher. This is due to a large amount of content on the website.
The task goals of 3–2 are on the third page of the same interface level, while 3–1 is on
the first page. Therefore, when the target information cannot be found on one page, the
time cost will increase exponentially, and errors will occur. At this time, the search bar
at this level is very critical. It is worth noting that users prefer search tools for this level
of content, rather than site-wide search tools. The detailed data are shown in Table 12.

3.2 Usability Results

According to the weights of different dimensions calculated in 2–2 in the text, the
calculation formula of the total score is as follows:

U =
4

∑

i=1

CiRi (5)

U is the overall usability score of the website, R is the score of a usability dimension,
C is the weight value corresponding to the dimension, and i is the dimension index. The
score R of the usability evaluation dimension is the average of the four questions under
this dimension.

Table 13. Usability scale statistics in Scenario 1.

Post-survey user experience- scenario 1

Charact-
eristics

Sta- Hong Zhou Biao Wan Pei Wu Jia Dan Average

C1
Effectiveness

A 4 2 4 4 4 1 4 3 3.25 2.31

B 2 2 1 3 2 1 2 1 1.75

C 4 2 2 5 3 3 1 1 2.63

D 1 1 1 4 1 2 1 2 1.63

C2
Efficiency

E 3 2 4 4 2 4 4 3 3.25 2.50

F 3 3 2 2 3 5 2 1 2.63

G 3 1 4 4 2 2 3 3 2.75

H 2 1 2 1 1 1 2 1 1.38

C3
Aesthetics

I 3 4 3 3 2 3 3 3 3.00 3.13

J 3 3 4 3 2 2 3 3 2.88

K 3 3 4 3 3 3 4 2 3.13

L 3 4 3 5 4 3 3 3 3.50

(continued)
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Table 13. (continued)

Post-survey user experience- scenario 1

Charact-
eristics

Sta- Hong Zhou Biao Wan Pei Wu Jia Dan Average

C4
Controllability

M 2 2 2 5 2 2 2 2 2.38 3.03

N 3 3 2 4 3 3 2 3 2.88

O 3 3 2 5 4 4 3 3 3.38

P 3 4 3 3 5 4 3 3 3.50

Total score 2.54 2.38 2.38 3.85 2.15 2.31 2.31 2.08 2.5

Participation 4 4 5 5 5 4 4 4 4.38

1 = Strongly Disagree, 2 = Somewhat Disagree, 3 = Somewhat Agree, 4 = Agree, 5 =
Strongly Agree

For scenario 1, the D. information organization clarity of the website is only 1.63,
indicating that the information logic of the website is not reasonable; the average score
of B. is only 1.75, indicating that the website users have difficulty finding the target
information. Lowered the overall score for site effectiveness. The efficiency of the web-
site is also unsatisfactory, only 2.5 points, of which the average score of item H. is only
1.38, indicating that there is too much interference information on the website, which
affects the efficiency of use, which is consistent with the score of item B. The average
score of C3 layout design is 3.13, and C4 Controllability is 3.03, which does not arouse
users’ disgust. The overall satisfaction is 2.5 points < 3 points, and the usability of the
website needs to be improved. The final participant score is the subject’s score on the
clarity of their task. If the score is too low, it means that the subject does not have a good
understanding of the experimental content, which will directly lead to invalid experi-
mental data. This situation does not occur in scenario 1. The detailed data are shown in
Table 13.

Table 14. Usability scale statistics in Scenario 2.

Post-survey user experience- scenario 2

Charact-
eristics

Sta- Hong Zhou Biao Wan Pei Wu Jia Dan Average

C1
Effectiveness

A 3 2 3 3 3 2 3 3 2.75 2.38

B 2 2 3 2 2 3 2 3 2.38

C 3 5 3 4 2 3 1 1 2.75

D 1 2 2 2 1 2 1 2 1.63

(continued)
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Table 14. (continued)

Post-survey user experience- scenario 2

Charact-
eristics

Sta- Hong Zhou Biao Wan Pei Wu Jia Dan Average

C2
Efficiency

E 2 3 3 5 3 3 4 4 3.38 2.81

F 2 3 3 2 3 4 2 3 2.75

G 3 2 3 4 3 2 3 3 2.88

H 2 2 3 3 2 3 1 2 2.25

C3
Aesthetics

I 1 3 2 2 1 2 2 3 2.00 1.91

J 2 1 3 2 2 1 2 2 1.88

K 1 2 1 2 2 1 3 1 1.63

L 1 2 2 4 3 1 3 1 2.13

C4
Controllability

M 2 2 2 5 2 2 2 1 2.25 3.00

N 3 2 3 3 4 2 3 2 2.75

O 3 4 3 5 4 3 3 2 3.38

P 4 3 4 3 3 4 3 5 3.63

Total score 2.17 2.59 2.74 2.99 2.27 2.49 2.10 2.40 2.47

Participation 4 5 4 5 4 4 4 4 4.25

1 = Strongly Disagree, 2 = Somewhat Disagree, 3 = Somewhat Agree, 4 = Agree, 5 =
Strongly Agree

For scenario 2, the C3 layout and appearance of the website caused slight discomfort
to users, and the average score was only 1.91 points. This is because in the task of this
scenario, the subjects entered a sub-site, and the color and layout style of the sub-site
was the same as that of the main website. Completely different, which caused strong
discomfort for users, and this style inconsistency also led to a decline in users’ evaluation
of the clarity of D. information structure, because users needed to re-understand the
logical structure of the subsite. The efficiency of use did not cause a strong dislike, but it
was also rated low in B. Fast information search, with an average score of 1.50, because
the entrance of the sub-site was difficult to find. The overall satisfaction is 2.47 points
< 3 points, and the usability of the website needs to be improved. In scenario 2, the
participants’ average score for the task was 4.25, and the subjects were clear about their
tasks. The detailed data are shown in Table 14.
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Table 15. Usability scale statistics in Scenario 3.

Post-survey user experience- scenario 3

Charact-
eristics

Sta- Hong Zhou Biao Wan Pei Wu Jia Dan Average

C1
Effectiveness

A 2 3 3 5 4 2 3 4 3.25 2.47

B 1 2 1 2 1 2 1 2 1.50

C 3 3 4 5 2 3 1 2 2.88

D 2 1 2 4 2 3 1 3 2.25

C2
Efficiency

E 1 2 2 3 1 2 1 2 1.75 1.66

F 1 2 1 1 2 4 2 1 1.75

G 2 1 3 2 1 2 2 1 1.75

H 2 1 2 1 1 1 2 1 1.38

C3
Aesthetics

I 4 3 2 2 3 4 2 3 2.88 2.88

J 2 3 4 3 2 3 2 3 2.75

K 4 2 3 2 3 3 2 4 2.88

L 4 2 4 3 4 2 2 3 3.00

C4
Controllability

M 2 3 2 4 3 2 3 2 2.63 2.94

N 2 3 3 4 2 3 2 3 2.75

O 2 4 2 4 3 4 3 4 3.25

P 2 4 2 3 5 4 2 3 3.13

Total Score 2.05 2.15 2.45 3.21 2.13 2.54 1.68 2.43 2.33

Participation 3 5 5 5 4 4 5 5 4.5

1 = Strongly Disagree, 2 = Somewhat Disagree, 3 = Somewhat Agree, 4 = Agree, 5 =
Strongly Agree

For Scenario 3, themost prominent part of the data is the C2 usage efficiency column,
with an average score of only 1.66 points. Users generally believe that the website usage
efficiency is not high, and the average score of B. item information quick search is also
low. This is due to this task. The target information is on the third page of a certain level,
which is deeply hidden, and there is no search bar for this section, which makes users
lose patience when browsing. The overall satisfaction is 2.33 points < 3 points, and the
usability of the website needs to be improved. In scenario 3, the average score of the
participants for the task score was 4.5, and the subjects were clear about their tasks. The
detailed data are shown in Table 15.
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3.3 Behavioural and Physiological Metrics Results

User Comments: Before and after the scenario test, the subject was asked some basic
information and questions about the website, and the responses were recorded. The user
experience gave a certain evaluation, here is a summary of the Q&A and comments with
reference, as shown in Table 16.

Table 16. User evaluation statistical analysis form.

Comment Analyze

The appearance matches the impression of the
museum website, but I don’t like it, it’s a bit
rigid

The appearance and layout of a museum
website do not have to be retro and traditional,
especially for a museum in a city, and a
modern design may be more appealing to
younger users

The look of the site and the overall ambiance
strikes me as classy

The overall appearance of the website is very
eye-catching in red, and the first impression it
gives people is very matching with the
museum

Where is the search bar? can’t find The search bar is very important, the search
bar on this site is not easy to use, and it is not
obvious enough

I don’t think this part should be put here The categorization of content should be clear
and precise, without overlapping or inclusion

Looking at the name of this navigation bar, I
don’t know what’s in it, so I didn’t click it

The generalization of the content should be
precise and clear, not vague or too abstract

There’s too much content, I don’t want to
continue reading

The content cannot fit on one page, and it will
be difficult to use when you need to constantly
jump to the page to find information

I don’t know what is the relationship between
these two pages, I just feel that the styles are
inconsistent

Some sub-other websites under the website of
Foshan Museum should keep the same style,
otherwise it will be very abrupt

Navigation bar text is a bit crowded The text in the navigation bar has no obvious
separation symbols, which makes the columns
appear a bit cluttered

Can’t find this content in the category of the
navigation bar?

The navigation bar should be able to cover all
the content of the website

BehaviorAnalysis:During the scenario test, some typical behaviors of users were found
through observation, and the main tester recorded and analyzed the typical behaviors, as
shown in Table 17. These typical behaviors help in the development and design of the
website, and can provide some guidance for it.
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Table 17. Statistical analysis table of typical user behavior.

No. Behaviors Approximate proportion

1 When users are exposed to unfamiliar
websites, their attention is focused on the
home page

87.5% of users only used the scroll wheel
when they browsed the site for the first
time, instead of jumping the page

2 When browsing pages with purpose, users
look at the navigation bar first

75% of users move the mouse on the
navigation bar first, and then use the scroll
wheel when doing a scenario test

3 The homepage navigation bar has priority
over other parts of the homepage

There are many categories and sections on
the homepage of the website. 75% of users
will use the navigation bar first, and then
browse other sections of the homepage if
they are unsuccessful

4 The user will repeatedly enter the same
page to confirm the information

After 75% of users do not find the target
information on their estimated page, they
will click to enter the page several times for
verification and confirmation

5 It is easy for users to confuse the address of
the museum, the address of an exhibition
and the address of the office

Due to the particularity of the museum
website, which contains a variety of
addresses, 50% of users will confuse it, and
75% of users need to stay on this
information to distinguish

6 When there are several pages of content,
more users only browse the first page

62.5% of users will return to the previous
level after not finding the target information
on the first page; 25% of users will browse
the second page

7 When images and captions (titles) exist at
the same time, users tend to click on images

87.5% of users will click on the picture to
jump to the page when the picture and the
caption (title) exist at the same time, and
12.5% will click on the caption (subtitle)

8 Users use the search bar when they
encounter a problem, not from the start

75% of users will initially try to find the
target information by browsing the page and
navigation bar, but fail to use the search bar

4 Website Redesign

4.1 Application of Hierarchical Task Analysis (HTA)

Aiming at the more prominent problems of the Foshan Museum website - the overall
information structure of the website is chaotic and the logic is not clear, this paper adopts
the hierarchical task analysis method to optimize. Hierarchical task analysis (HTA) is
a core ergonomic method based on performance theory [16], which is often used to
sort out the hierarchical structure of a system and provide a variety of expressions. The
core idea of the Hierarchical Task Analysis method is to decompose a complex task
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from top to bottom, showing the hierarchical relationship between the tasks, to obtain
the corresponding subtasks and corresponding subordinate operations of the task. This
method is widely used in a series of applications, interface design and workflow design.

AHP is not a strict procedure, but a general method for analyzing complex systems
or tasks. According to the different users and research objects, the results of this method
will be different, and the method has a certain degree of subjectivity. The AHP follows
three guiding principles:

(1) At the highest level, tasks consist of operations, and operations are defined by goals.
(2) Operations and targets can be decomposed into lower operations and lower targets.
(3) Operation and subordinate operation, there is a hierarchical relationship between

the target and the subordinate target.

The general operation steps of the hierarchical task analysis method are shown in
Fig. 3.

Fig. 3. Task analysis method flow diagram.

Fig. 4. Before and after comparison of website hierarchy.
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The menu tree structure is used as the basis for finding the optimal path for the task,
combined with expert opinions, the information architecture of the Buddha Museum
website is optimized, and the results are shown in Fig. 4. But the classification and
indexing are complex tasks and no single solution can satisfy all needs.

4.2 Website Optimization

Through the above data analysis, behavior analysis and comment summary, we can
find some deficiencies in the website of Foshan Museum. Here, we will summarize
the common problems, and write the corresponding improvement directions after the
corresponding problems, as shown in Table 18, and appendix The upper part of the
interface is modified before and after the comparison chart. This optimization is done
using Adobe XD. Figure 5, 6 and 7 shows a comparison chart of some improvements
on the website.

Table 18. Website problems and design opportunities.

Problems Optimize

The overall information structure and logic of the
website are not clear, and some titles are too
general

Reorganized the navbar to remove
overlapping and contained sections, and
rename the blurry headings

There is no drop-down menu under some
headings in the navigation bar

Complete the drop-down menu

The text in the navigation bar is a bit crowded,
and the visual division is not clear enough

A horizontal line is used to separate the
different columns of the navigation bar

The webpage only has Chinese mode Add language switch function (English) in
the upper right corner

Faced with a blank page, I don’t know if it is
loading or it has no content itself

Add text prompts to blank pages to remind
users of the current status of website pages

Pages with a lot of content should be placed on
several pages

Design a search bar tool for this section to
quickly find and search content

Basic information about the venue (such as time)
is difficult to find and the location can be
confusing

Put basic information such as the venue’s
time and place in a prominent position on
the home page

It’s hard to understand what’s in the picture
without a caption or caption

Supplementary image captions in the
website

Some pages are inconsistent in style and layout Unify the style and layout of the subsite
with the main site
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a) the ancient one                                       b) the redesign one

Fig. 5. Comparison chart of the basic information page of the web pages.

a) the ancient one                                       b) the redesign one

Fig. 6. Blank page comparison of the web pages.

a) the ancient one                                       b) the redesign one

Fig. 7. Search tool page comparison of the web pages.

4.3 Optimization Effect Comparison

To quantify the effect of website optimization, this paper asked eight new subjects to
repeat the above usability test on the optimized website. Compare the new data obtained
with the original data to assess whether the improvements to the web page are effective.

As can be seen from Figs. 8 and 9, in the comparison of the three experimental
scenarios, the total duration of each task, the total number of requests for help, and the
average number of forks have decreased significantly, which shows that the website is
optimized for efficiency and ease of use. There is a boost.
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Fig. 9. Task duration comparison.

Through the comparison of the user experience scale data in Fig. 10, it can be found
that thewebsite has significantly improved in terms of the navigation bar, ease of use, and
efficiency, and this is the case in all three scenarios. The page layout is only significantly
improved in Scenario 2, and the changes in Scenarios 1 and 2 are not obvious. This is
because the styles of the sub-site and the main website of Scenario 2 and 2 are unified,
and the page layout of Scenarios 1 and 2 has no obvious change.
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Fig. 10. Usability scale data comparison.

5 Discussion and Conclusions

Combined with previous research, this paper proposes a new usability evaluation sys-
tem for museum websites, and takes the Foshan Museum website as an example to
complete a website optimization iteration. The results of the control experiments show
that the optimization results are satisfactory, which also confirms the effectiveness of the
usability evaluation system from the side. From the data analysis of the two comparative
experiments, some common problems were found, and some general guidelines for the
design of museum websites were also found. The conclusions are as follows:

1. The overall logical structure and clear layout of thewebsite are the top priority in user
usability. A clear and accurate logical structure and layout can help users solve prob-
lems quickly and greatly improve the user experience. On the contrary, the chaotic
logical structure makes users into confusion, and the cumbersome interface makes
users dazzled and impatient, which in turn affects the overall user experience. The
navigation bar is the most concentrated embodiment of the website logic structure,
and the content of the home page is also a partial embodiment of the website logic
structure.

2. Users will develop usage habits based on the experience of using the website in
daily life. For example, when using the campus official website, student users will
habitually log in to their student accounts, which is also confirmed on the museum
website. Users will habitually think that the opening time and address of the museum
should be on the home page. There should be a Chinese-English switching mode.
And it is possible to try other different types of website experience on the museum
website, so paying attention to the habitual behavior of users is conducive to the
development of the website by developers and improves the user experience of the
website.
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3. A notable behavior of the user is that when the user does not find the required
information in his estimated level, the user will repeatedly enter this interface for
confirmation. Therefore, when a user enters the same interface multiple times in a
short period of time, it is likely to encounter a problem. Developers can identify
users who encounter difficulties based on this phenomenon and provide assistance.

4. A search bar is not enough for a massively structured website. Many museum web-
sites now have only one general search bar, and museum websites are complex in
content and complex, which greatly reduces the usability of the search bar for diffi-
cult to filter search results. So in the sub-level with more content, it is very useful to
have a search bar for this section.

The usability testing methods and conclusions of this paper have certain references
for website optimization, and it is hoped that the follow-up research can be combined
with more examples to verify.

References

1. Poulot, D.: Museu e museologia. Autêntica (2013)
2. Pallud, J., Straub, D.W.: Effective website design for experience-influenced environments:

the case of high culture museums. Inf. Manage. 51, 359–373 (2014)
3. Kabassi, K.: Evaluating websites of museums: state of the art. J. Cult. Herit. 24, 184–196

(2017)
4. Kabassi, K., Karydis, C., Botonis, A.: AHP, Fuzzy SAW, and Fuzzy WPM for the evaluation

of cultural websites. Multimodal Technol. Interact. 4, 5 (2020)
5. Koo, B.: A study on the usability for museum websites for interactive museum experience.
예술경영연구 22, 145–170 (2012)

6. Troyer, O., Leune, C.J.: WSDM: a user centered design method forWeb sites. Comput. Netw.
ISDN Syst. 30, 85–94 (1998)

7. Hertzum,M.: A review of museumweb sites: in search of user-centred design. Arch.Museum
Inform. 12, 127–138 (1999)

8. Nielsen, J.: Usability Engineering. Usability Engineering (1993)
9. Preece, J., Rogers, Y., Sharp, H., Benyon, D., Holland, S., Carey, T.: Human-computer

Interaction Addison-Wesley. Harlow, England, pp. 17–18 (1994)
10. Iwarsson, S., St?Hl, A.: Accessibility, usability and universal design--positioning and defi-

nition of concepts describing person-environment relationships. Disabil. Rehabil. 25, 57–66
(2003)

11. Fengpei, H.: The studies of eye tracking and usability test. In: International Conference on
Computer-Aided Industrial Design & Conceptual Design (2006)

12. Jeng, J.: What is usability in the context of the digital library and how can it be measured?
Inf. Technol. Librar. 24, 5 (2013)

13. Fotakis, T., Economides, A.A.: Art, science/technology and history museums on the web. Int.
J. Digital Culture Electron. Tour. 1, 37–63 (2008)
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Abstract. The proposed study examines the simultaneous influence of factors
(environment, type of task, and product properties) upon functional user states that
critically affect assessor performance during the realization of various online tasks.
In addition, test environment format varies as individual vs. group one, to assess
whether testing conditions affect the test results. The test uses two types of tasks
that, respectively, induce user functional states of anxiety and monotony/fatigue.
Differences in product features are represented by two university website layouts
with high and low aesthetic quality, as measured bywebsite aesthetic quality index
(U-index, our earlier elaboration). We have employed two groups of metrics to
measure user performance, directed at both cognitive and emotional components
of the user states. For cognitive efficiency, intellectual lability and productivity
of cognitive operations were assessed. Emotional stress was measured by four
metrics of self-assessment, namely the level of anxiety, fatigue, excitement, and
confidence. Two assessor groupswere put in conditions of individual vs. group task
solving. Within each group, sub-groups were assigned either anxiety-inducing or
fatigue-inducing tasks. For each task, subgroups worked with webpages of either
high (U-index > 17) or low (U-index < 8) aesthetic quality. As the test results
show, group task solving enhances the synchronous impact of website aesthetics
and task features upon the user states. Interaction of high-quality design, group
environment, and a monotonous task provides for an antagonistic effect: aesthetic
layout in a group environment significantly reduces the fatigue rate. Low aesthetic
quality in a group environment leads to cumulative effects in combinationwith any
type of task: for monotonous tasks, it contributes to the development of fatigue,
while for anxiety-inducing tasks it grows anxiety, and, in both cases, productivity
drops.

Keywords: Web usability ·Web design · Functional user states · U-index ·
Cumulative effects in web usability

1 Introduction

The paper is dedicated to exploring the combined impact of factors that affect the results
of usability testing. According to the four-factor ‘contextual fidelity’ model [1, 2], such
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factors as the test conditions, participants’ traits, the properties of the tested product, and
task features can significantly affect both testing accuracy and final result.

However, today, most studies assess their impact individually and do not address
their cumulative impact. Most often, various characteristics within individual factors are
investigated. Such studies focus on specific aspects of user behavior, task, product, or
the test context and do not attempt to establish a relationship between these factors. For
example, testing environment studies look at field vs. laboratory testing efficiency [2,
3], or the impact of remote testing on the overall user experience [4].

Product-focused research examines the impact of usability on objective user pro-
ductivity [5] and perceived usability [6], as well as the impact of usability on perceived
aesthetics. As a rule, in most of these studies, the results indicate a direct relationship
between user ratings and performance, on one hand, and the quality of usability, on the
other [7, 8].

Just like usability, the impact of the aesthetic quality of a website on the user experi-
ence is being actively studied. The effects ofweb aesthetics can be divided into subjective
and objective. Subjective effects are linked to changes in the user’s perception of certain
qualities of the product, due to the layout aesthetics. The most significant effect here is
the relationship between aesthetics and perceived usability, when, as experiments show,
a product with higher aesthetic quality is also perceived as more convenient to use.

The influence of product aesthetics on objective criteria of its usability, and, in
particular, on user productivity, remains under-investigated, despite a certain number
of studies in this area. Here, some contradiction in the research results may be noted.
Thus, on the one hand, a positive effect of aesthetics upon user motivation is stated,
the increase of which has a positive effect on the overall performance in solving the
task [9]. On the other hand, some researchers have found a direct relationship between
aesthetic design and performance degradation: the time to complete a task increases as
the aesthetic quality of a product grows [10].

In most cases discussed above, studies of product properties are focused on finding
patterns of causal relations between a narrow range of its qualitative features of usability
or aesthetics and the user states. Obviously, posing research questions this way does
not capture the possible multi-dimensional relationship of product properties with the
context of testing and the task features.

In studies dedicated to the task features, most often, it is the quantitative characteris-
tics of tasks that become the research focus. E.g., the performance when solving single
and dual tasks is compared [6, 7]. However, the qualitative features of tasks and their
connection with the testing environment are not specifically considered.

The research on another element of the ‘contextual fidelity’ model, namely user traits
as a factor that affects user performance, is also limited. As part of these studies, prob-
lems associated with various effects of the user traits are actively discussed. However,
despite the active interest in this topic, most research focuses on single characteristics
of experience and their causal relationship with each other - for example, the impact of
user incompetence on user motivation and self-efficacy [9, 11, 12]. In particular, within
this area, our own research has focused on the relationship between the aesthetic qual-
ity of a product, the effectiveness of user actions in solving a problem, and perceived
usability [7]. However, here, we need to note that this research sub-field is so scarce
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and non-systemic that, till today, individual user traits have not been systematized, and
users’ inborn physical traits (like gender or age) have been distinguished neither from
rational mental capacities (like competence, education level, experience etc.) nor from
cognitive and emotional states that have temporal character and may change before/after
or within the experiment not only as a result of the experiment but also by other reasons.
We add to this research area by involving into theDUXU studies the research on complex
(dys)functional user states that have cognitive and emotional elements (see below).

The results of such studies show both obvious patterns (high aesthetic quality of
a product increases perceived usability) and paradoxical dependencies (high quality
design contributes to lower productivity). Resolution of this paradox may lie in non-
direct relationship between aesthetic quality of layouting and user performance, as this
connection may be conditioned by other factors that affect user experience. However, at
the present stage, there is a significant lack of research that would study the effects of
the interaction of various testing factors.

The few studies that address this topic focus on the impact of product features on
the user—e.g., the effects of design aesthetic quality on user experience when solving a
problem. In line with this, our earlier study [13] focused on combined effects of product
features (web esthetics) and task features upon assessor performance and satisfaction.
However, the induced user states were not investigated. Moreover, how the environ-
ment of the experiment would further affect this already non-negligible combination
remained an open question. In particular, the impact of social environment upon task
fulfillment was not investigated. As it follows from previous studies [14], this factor may
significantly affect performance efficiency.

2 Method

2.1 Functional User States in the Context of Usability Testing Factors

Based on this need, we have developed an empirical experiment methodology that can
demonstrate combinational effects in the synchronous interaction of various usability
testing factors. The proposed study examines the simultaneous influence of three testing
factors (environment, type of task, and product properties) upon functional user states
that critically affect assessor performance.

As shown in [13], critical changes in users’ mental and emotional states while per-
forming complex tasks are best described by functional states theory. The functional
state of a user is understood as an integral and simultaneous complex of mental and bod-
ily functions that determine professional performance [4]. (Dys)functional user states
consist of cognitive and emotional states that combine and results in definite, specific,
and detectable task-related (often task-induced) behavioral changes.

User states may foster or diminish functional productivity. Dysfunctional user states
that form due to unfavorable combinations of task performance factors deserve special
attention, as they may significantly affect working performance; we hypothesize that
they affect performance of online tasks similarly.

According to Leonova [15], the range of possible emotional-behavioral reactions and
modes of activity may be limited to several distinct dysfunctional states that vary in their
destructive effect upon working performance, from desire to activity shifts to exhaustion
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to panic to extreme distress. However, the extreme states are very rare for Internet use;
muchmore often, boredom, tiredness of monotonous work, and anxiety are experienced.
Thus, we have selected two dysfunctional states – monotony and anxiety – as two
opposing user states.

Experiencing these states manifests via the two respective stable sets of features
(patterns) that may determine the specifics of user experience. As stated above, they are
detectable and, thus, allow for accurately identifying a dysfunctional state that a user
encounters via cognitive and emotional markers.

In the dysfunctional state of anxiety, a drop in intellectual lability is accompanied by
a violation of concentration due to stressful conditions for performing a task. Also, this
state is characterized by an acceleration in the pace of work with a simultaneous increase
in errors and the resulting tendency towards an increase in unproductive information
processing strategies. The ability to switch attention between different activities also
tends to increase, but is characterized by hypersensitivity to distractions and poor self-
control. At the same time, the degree of awareness of one’s own actions decreases, and
emotional stress grows, reaching the level of distress in the extreme values.

In the dysfunctional state of monotony, there is also a drop in intellectual lability, but,
in this case, it is due to other reasons. First of all, narrowing of the amount of attention and
the decrease in the ability to switch between different tasks, due to increased fatigue, are
responsible for this. The overall pace of activity in solving the problem slows down (in
particular, making choice is complicated), the efficiency of switching from one type of
reaction to another decreases. The level of emotional stress, as a rule, falls, approaching
apathy and fatigue at the extreme.

In accordance with these patterns, the test uses two types of tasks. Their differences
are determined by how they influence the user functional state: They are a forced task,
which contributes to the formation of the state of anxiety, and a monotonous one, which
evokes the growth monotony/fatigue. Since the main factor in the functional state of
anxiety is the lack of time and information in solving the problem, for its formation it is
enough to provide unforeseen changes in the working conditions, e.g., to dramatically
complicate the task without prior warning, or to suddenly change the content of the task
while reducing the time for solving.

2.2 The Research Hypotheses

Based on the conclusions from the analysis of academic publications and the develop-
ment of research tasks, we formulated two research questions:

RQ1: How does the combination of task features and web aesthetics affect user
performance in terms of formation of anxiety and monotony?
RQ2: How does the group format of tasks solving affect the interaction of factors that
form the user states?
RQ3:What are the cumulative effects of the combination of task features,web aesthetics,
and testing circumstances?

In accordance with the research questions, we have put forward three hypotheses,
on the basis of which we developed the design of the experiment:
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H1: In the conditions of group problem solving, the effects that arise due to the simulta-
neous influence of the website aesthetics and the task features upon the user states will
be cumulative, i.e., will intensify;
H2: The interaction of the high aesthetic quality of the website and tasks of both types
in the conditions of group testing will lead to a decrease in cognitive efficiency and an
increase in emotional stress (anxiety), also in comparison to individual testing;
H3: The interaction of the low aesthetic quality of the website and tasks of both types
under conditions of group testing leads to unfavorable emotional states corresponding
to the nature of the tasks (an increase in anxiety for a forced task and fatigue for a
monotonous one), while cognitive efficiency decreases in both cases, also in comparison
with individual task solving.

2.3 Experimental Tasks

In accordance with this, the structure of the forced task to foster anxiety was developed.
Thus, each user was asked to find a given piece of content on a website of either high or
low aesthetic qualitywithin 10min. Threeminutes after the start of the search, the curator
of the experiment announces a change in the purpose of the search and a reduction in
time to 5 min, then, another minute later, to 2 min.

For the monotony pattern, an activity with a large number of simple and monotonous
movements with little creative component is decisive. To create appropriate conditions,
each user was offered a monotonous task: within one hour it was necessary to prepare a
full text version of the website of either high or low aesthetic quality (in *.doc format).
The exact time of completion of the task (35 min) was not reported.

The main factors in the formation of monotony are, in this case, the uncertainty of
the completion time of the task and a significant number of repetitive operations for
copying and distributing web content into a Word document.

2.4 Measures and Instruments

The differences in product features are represented by two university website layouts
with the high and low aesthetic quality, as measured by the website aesthetic quality
index, that one we had elaborated and called U-index [16].

We have employed two groups ofmetrics tomeasure user performance. For cognitive
efficiency, intellectual lability was assessed as a metric of the productivity of cognitive
operations.We have measured this indicator using the test for switching attention known
as the ‘Gorbov – Schulte table’ [17] before and after the experiment. Themethod implies
that the participants pronounce figures from 1 to 25 (on grey squares of the table where
grey and red squares are mixed) and from 24 to 1 (on red squares of the table), switching
from grey to red and back. The time of task solution and the number of mistakes are
fixed and then are rendered into two respective specially elaborated scales proposed by
Gorbov and Schulte. The overall lability is measured for each participant individually
and calculated as:

A = T − C,



Cumulative Distortions in Usability Testing 531

where T is the scaledmetric for the longevity of the test, andC is the scaledmetric for the
number of errors. The smaller A, the worse the performance is. We have calculated A for
each participant before and after the main task completion, thus detecting the drops (if
any) of intellectual lability. Then, we have calculated the mean (M) for all the assessors
in each sub-group (see below).

Emotional stress was measured by four indicators of self-esteem: In accordance with
the method of self-assessment of emotional states proposed in [18], we measured by the
1–10 Likert scales the level of:

– anxiety (the ‘calmness/anxiety’ scale);
– fatigue (the ‘energy/fatigue’ scale);
– arousal (the ‘excitement/depression’ scale);
– confidence of users (the ‘self-confidence/helplessness’ scale).

And, finally, differences in testing conditions were created by the two formats of the
testing environment, namely the individual and the group one.

2.5 Experimental Design and Procedures

The test tasks were performed in two groups, one of which performed the task under the
conditions of in-aula group activity, and the second one individually, one by one.

Within each group, sub-groups were assigned either anxiety-inducing or fatigue-
inducing tasks. For each task, subgroups worked with webpages of either high (U-index
> 17) or low (U-index < 8) aesthetic quality.

Both groups had 16 participants each, with 8 assessors in each sub-group.

3 Results

As the test results show (Table 1), in three cases out of four, the group problem solving
enhances the cumulative impact of website aesthetics and task features upon user states.

For the design of low aesthetic quality, the factor of collaborative activity leads
to cumulative effects in combination with any type of tasks: with monotonous tasks,
the group environment contributes to the development of fatigue, with tasks that cause
anxiety, anxiety increases, and, in both cases, productivity decreases. The results are in
line with the expectations. In particular, when solving a monotonous task in a group
environment, the difference in the values of intellectual lability before and after the
experiment is somewhat higher than for an individual test (187/179 vs. 187/176). In
assessing the emotional state, a decrease in the indicator on the fatigue scale (that is,
growth of fatigue) is also observed (7/5.5 for an individual test and 7/5 for a group test).

However, performing the task individuallymay help neutralize the impact of a group:
When solving a task that fosters anxiety, there is a decrease in the indicator of intellectual
lability in the group environment (187/174),while,whenperforming the test individually,
productivity remains practically unchanged (187/187.6). Changes in the emotional state
also support the trend towards a decrease in the productivity of group work, which is
manifested in a more pronounced increase in anxiety for the group test (6.8/5.7 vs.
6.5/5.2).
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For the design of high aesthetic quality, the cumulative impact of group activity is
manifested only in combinationwith the anxiety-forming task. Here, there is amaximum
decrease in intellectual lability in both test settings that is observed. The changes are,
respectively, 187/159 for the group work and 187/171 for the individual performance.
We have observed that group activity enhances the tendency of lability increase to hyper-
lability. This is accompanied by a synchronous increase in anxiety, if one assesses the
users’ emotional state (6.85/5.7 for the individual testing vs. 6.7/5 for the group test).

Performing a stressful or monotonous task as part of a group enhances the dys-
functional states associated with it. This allows us to claim the full manifestation of
the cumulative effect for the combination of low-quality usability factors, tasks of both
types, and a group testing environment. It also indicates a complete confirmation of the
H3 hypothesis and a partial confirmation of the H1 hypothesis.

However, this effect is not confirmed in all cases. As the results of the experiment
show, the dynamics of the formation of dysfunctional states becomes particular in the
interaction of high-quality design, group environment, and a monotonous task.

In this case, there is an effect that can be defined as antagonistic: The tendency of
decrease in cognitive efficiency, which is evident in the individual test (187/183), is
reduced in the group test (187/185). A similar situation is observed in the assessment of
the emotional state: The tendency of increase of fatigue true for the individual testing
is not confirmed when this type of task is performed in a group. Thus, group testing
reverses the negative effects of high-quality design noticed by the previous research.

The effect that occurs under these conditions is aimed at reducing emotional stress
and reducing the rate of decline in intellectual lability. HypothesisH2, therefore, is only
partially confirmed. The factor of aesthetic impact in the conditions of group testing
when solving monotonous tasks becomes more of a compensatory character: It slows
down the development of stressful conditions and helps maintain concentration.

4 Conclusion

Our work has demonstrated that factors that affect user performance in solving online
tasks have to be assessed in complex, as individual assessment of single factors does
not explain the effects discovered by earlier literature. However, combination of factors
shows divergent patterns of impact which have greater explanatory power.

A further question posed by the results of the experiment can be formulated as
follows:Which of the factors, alongwith the group testing environment,most contributes
to the development of cumulative effects and the unfavorable functional states caused
by them? This sets a whole new sub-area of research upon cumulative effects in DUXU.

We have shown that the testing format plays a leading role in usability testing and
may critically affect what results the scholars receive from testing user performance.
The results of the study confirm its influence on any combination of other factors related
to the nature of the task and product usability. Undoubtedly, other factors also turn
out to be significant for the productivity and emotional states of users. At the same
time, the significance of these factors is unequal. Thus, in the proposed study, the next in
importance after the individual/group format is the type of task. In particular, in formation
of anxiety, the cumulative effect is observed regardless of the usability/aesthetic quality
of the product.
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To the greatest extent, it concerns intellectual lability. It looks like that the anxiety
factor that determines the nature of such tasks is the most destructive for the cognitive
efficiency of the user. In particular, among the negative manifestations of the dysfunc-
tional state of anxiety, researchers name impulsiveness in decision-making, narrowing
of the operational memory, an increase in the sensory threshold, and the destruction of
productive thinking strategies (combinatorics, finding common and different features in
signals, transforming concepts and judgments etc.), which results in heuristic user oper-
ations being replaced by template ones.We can confirm this trend by the test results: The
depth of decrease in intellectual lability for a forced task differs several times from the
indicators for solving a monotonous task, both in individual and group testing settings.
The lack of connection between productivity and emotional stress indicators, on one
hand, and the quality of usability, on the other, confirms the decisive importance of the
specifics of the task itself and the experience that it forms.

And, finally, the difference in test results for the two types of tasks allows us to for-
mulate the second question further research: What could be the reason for the difference
in the rate of decline in intellectual lability for a monotonous task?

As can be seen from the results, in the case of a low aesthetic quality (low U-index
rate), the group environment contributes to a deeper decrease in intellectual lability than
an individual test does. However, for the high aesthetic quality (high U-index rate), the
group environment slows down both the development of fatigue and the decrease in
intellectual lability.

The reason for this difference may be largely due to the quality of the usability
of the product: The higher it is, the stronger the compensatory effect of design on the
developing state of monotony. As in the case of anxiety, the negative manifestations of
monotony include a drop in the ability to concentrate and self-control, difficulties in
updating working memory, and a general decrease in the efficiency of thinking. How-
ever, unlike anxiety, these phenomena are caused by fatigue that develops as a result
of performing stereotypical actions without clear criteria for their effectiveness. Under
these conditions, the speed of reactions slows down and the concentration of attention on
the task decreases, although the level of emotional stress increases slightly. Perhaps this
increases the sensitivity to distractions – in particular, to the presence of other people in
the context of the task. From this point of view, low-quality design is perceived by the
user as a source of visual noise, contributing to switching attention to factors that are
not related to the task at hand. This demands further research.
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