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Preface

As noted by the National Academy of Engineering (NAE, 2004) in the report
entitled The Engineer of 2020: Visions of Engineering in the New Century, in the
future, engineering will “expand toward tighter connections between technology
and the human experience, including… the ergonomic design of engineered
products”. Today, human factors discipline promotes a human-centered approach
to systems design, with due consideration of a great variety of relevant factors, such
as physical, cognitive, neural, social, emotional, organizational, developmental,
ecological, environmental that are essential for the socioeconomic development and
well-being of the global society.

Recent advances in cognitive computing, machine learning, and artificial intel-
ligence, modeling, and simulation, as well as smart sensor technology, create new
opportunities for the field of human systems engineering to contribute to the
human-centered approach to the design of products and systems. These new
developments also allow expanding the current boundaries of the state of the art
of the human factors discipline by investigating the pervasive complexity that
underlies the most problems facing contemporary society today.

The present book on Human Systems Engineering and Design contains a
selected set of novel contributions to the theory and practice of human engineering
and design for integrating people and technology in all areas of human endeavor by
adopting a human-centered approach, supported by cognitive software and engi-
neering, data analytics, simulation and modeling, and next-generation visualization
methods.

The papers contained in this volume are organized into four main sections:

Section 1 Human-centered Design
Section 2 Systems Design and Human Diversity
Section 3 Safety Engineering and Systems Complexity
Section 4 Human Cyber-physical Systems Interactions

The presented papers introduce many innovative examples of systems engi-
neering and design, emphasizing the development of technology throughout the
lifecycle development process in the areas of advanced digital manufacturing, smart
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energy, transportation, urbanization, and infrastructure, healthcare, and cybersecu-
rity sectors on business and industry. Some of the presented studies also include the
consideration of user experience in the design of human interfaces for virtual
augmented and mixed reality applications.

We hope that this book, which presents the current state of the art in human
systems engineering and design, will be a valuable source of theoretical and applied
knowledge that enables the human-centered design and applications of a variety of
products, services, and systems for their safe, effective, and pleasurable use by
people around the world.

Finally, we would like to extend our sincere thanks to the Juraj Dobrila
University of Pula, FIPU Faculty of Informatics, for the support of the conference’s
organizational efforts. Our appreciation also goes to the Scientific Program
Advisory Board of the IHSED 2020 Conference, who reviewed papers presented in
this volume.

Waldemar Karwowski
Tareq Ahram
Darko Etinger

Nikola Tanković

September 2020

Redha Taiar
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User-Centered Detection of Fake News
and Misinformation - Design and Prototypical

Implementation in the System Contexter

Kurt Englmeier(&)

Schmalkalden University of Applied Science, 98574 Schmalkalden, Germany
k.englmeier@hs-sm.de

Abstract. Misinformation or fake news may threaten our democracies, soci-
eties, and economies, even individual health and well-being. Humans are usu-
ally careful about the things they are being told. They check news or tweets
against their knowledge or beliefs and estimate to what extent propositions
contain information that is bogus. People have abstract representations of facts
in mind. That help them to validate propositions and to search for information
suitable for their validation. This paper presents design and prototypical
implementation of the Contexter system that enables users to define and manage
blueprints of facts or fake news. Contexter takes these blueprints as a schema to
detect facts or fake news. It also starts to find variants of these blueprints to
detect pieces of text that come semantically close to the propositions addressed
by the original blueprint.

Keywords: Information extraction � Fake news detection � Named Entity
Recognition � Bag of Words � Information summarization � Text mining

1 Introduction

This paper presents design and prototypical implementation of Contexter, a user-driven
text mining tool that enables definition of blueprints for facts or fake news. Contexter
takes these blueprints as a schema to detect pieces of text addressing facts or fake news.
The system also applies a learning process to find variants of these blueprints to detect
pieces of text that come semantically close to the propositions addressed by the original
blueprint. User involvement results in a more active role of the users in designing,
controlling, and adapting of the learning process that feeds, in this case here, the
automatic detection of misinformation and fake news.

Blueprints are abstract representations of the things described in text. At the same
time, blueprints represent models of the things the users have in mind, when searching
for suitable information or when pursuing fake news. Contexter supports the compo-
sition of blueprints by means of Named Entities combined with keywords from Bag of
Words (BoW). Contexter takes each set of terms and transforms it into Regular
Expressions. The users produce an initial set of a blueprint reflecting facts (in a
proposition or fake news) that are subsequently applied to the text collection in order to
find all corresponding text instances. In a next step, Contexter modifies this blueprint,

© The Editor(s) (if applicable) and The Author(s), under exclusive license
to Springer Nature Switzerland AG 2021
W. Karwowski et al. (Eds.): IHSED 2020, AISC 1269, pp. 3–8, 2021.
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that is, it gradually modifies its elements one by one and tests the resulting variants
against the text collection. Contexter presents all encountered new instances for
blueprint variants to the users for confirmation or rejection and tries to learn from user
feedback. Even though the prototype shown here still represents work in progress, it
demonstrates its potential in the detection of fake news and misinformation.

2 Approach and Related Work

The design of Contexter for fake news and misinformation detection bases on a
combination of Named Entity Recognition (NER), Bag of Words (BoW), and Word N-
Grams [1, 2]. The idea behind the design is that each fact has its individual pattern of
words and numeric data. We can assume that a specific combination of keywords and
annotated numeric expressions uniquely reflects a particular fact.

The identification of facts starts with information extraction [3] and the annotation
of the extracted text pieces according to the meaning they express [4]. Annotation has
two roles: first, it adds a meaningful term to the extracted text, in particular the numeric
data. Such patterns, for example, represent dates, percentages, numerical data, dis-
tances, and the like. Second, the annotations (and keywords) from the first annotation
are further annotated. This process (if iteratively performed) produces an increasingly
more abstract representation of the text and numeric data in the text piece under
consideration. Semantic markers [5] are the smallest fraction of a text covering a certain
meaning discernable from the other fractions. Together they mark the meaning of a
particular piece of text.

Fake news detection may also include methods and techniques of event mining [6]
when it comes to analyze statements over a discourse (in social media) with events that
triggered this discourse [7]. developed a framework for narratives of a therapist-patient
discourse that is valuable in our context. His work has been summarized and discussed
in [8].

3 Recognition and Representation of Facts

The Contexter system enables the definition blueprints or patterns of facts (or fake
news). They consist of Named Entities combined with keywords from Bag of Words
(BoW). The users describe their blueprints by arranging terms from the BoWs and
Named Entities. Contexter takes each set of terms and transforms it into Regular
Expressions. The users produce an initial set of blueprints reflecting facts that are
subsequently applied to the text collection in order to find all corresponding text
instances. In a next step, Contexter gradually modifies each blueprint, that is, one of its
elements is turned off or slightly modified. This automatic process aims at finding as
many representations of facts as possible. Contexter presents all encountered new
instances of facts to the users for confirmation and rejection and tries to learn from user
feedback. Representations of facts in text have their unique pattern, independently of
the source or language. Contexter provides a number of theme-specific BoWs (for
locations, names, expressions of aggression etc.) and Named Entities for common

4 K. Englmeier



patterns in text reflecting time, amounts, distances, and the like. This process usually
combines key words and common text patterns. Finally, each pattern is annotated by an
appropriate term that summarizes the meaning of the pattern.

Generic named entities help to standardize factual information and to abstract away
the different forms of expressions for essentially the same thing. However, it does not
suffice just to annotate generic patterns. We can easily imagine that Named Entities
may relate to ontologies that serve specific interpretation or calculation purposes.

Named Entity Recognition (NER) in the context described here operates with bags
of words (BoW) addressing locations, persons, organizations, or institutions. There are
promising approaches to automatically identify names (and other important key
expressions) in texts using conditional random fields (CFR) [9].

The meaning of a piece of text is more than just the meaning of one or more specific
terms surrounded by further terms. The blueprints as shown in Fig. 1 possible collo-
cations of prominent text elements for a concept like decrease or infection. They serve
two purposes:

1. Translated into Regular Expressions, blueprint help to locate pieces of text
addressing the concept of the blueprint and extract the text elements that match the
elements of the blueprint.

2. Annotation helps to identify the overarching theme manifested by these terms. In
only a few cases, the meaning of a piece of text can be inferred just by the
individual meaning of its terms. The annotation a standardized and contextualized
representation of pieces of text.

In many situations, the overarching meaning is not expressed by even a single word
in the phrase. For the correct interpretation of text, we need representations on a higher
level, that is, on a more abstract level. This does not mean that we abstract away details.
On the contrary, by annotation we add essential details.

Named Entity Recognition (NER) presented so far serves the standardization of
data, in terms of assigning standardized annotations to the underlying data. It also helps
to detect term patterns and keywords in text fragments that constitute conditional

Fig. 1. Examples of blueprints addressing facts in relationship with Covid-19 infections and
fatalities (in German and Spanish texts). The sequence of the elements of the blueprint are only
indicative. Contexter handles them flexibly. Terms like “sinken” or “steigen” (German for
decrease and increase) stand for their synonyms, too. They are from the BoW for changes in
figures
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dependencies among the terms. Furthermore, it reveals the correct and unambiguous
meaning of the text fragment and its components. By the iterative and incremental
application of NER we can produce theme-specific hierarchies of named entities that
represent the meaning of the content on different levels of granularity. The hierarchies
are the building blocks of content representation of text. We may call them content
clusters of Named Entities or content schemas. The Named Entities reflect the over-
arching theme of the pieces of text addressing the increase (or the decrease of the
increase) of infections and fatalities. Distilled and structured data are easier to handle
by mining processes in order to detect discrepancies in text, in particular if they are
manifested in numerical data (Figs. 373 vs. 3046 in the example below).

BoWs play an important role in the definition of these schemas. A keyword
embedded in a pattern of named entities is important when it comes to correctly
identify the overarching theme of the piece of text. In the example of Fig. 2 we have a
Covid-19 scene of a particular day in Spain. The meaning of each of these elements and
the act in the scene can be correctly identified by the Named Entities in conjunction
with keywords. Terms like “asciende” (Spanish for increase) or “sinken” (German for
“decrease) together with their adjacent terms are an essential ingredient for correctly
classifying the respective phenomenon. This example shows that keywords and Named
Entities take the role of semantic markers for a particular content.

The identification of semantic markers is a process covering a series of phases:

1. At first, we independently identify clusters of Named Entities and keywords. BoWs
provide the keywords while Basic Named Entities contribute standardized versions
of small and generic fractions of text. Basic Named Entities may even be aggregated
to enhance the content representation. Incrementally, we obtain more complex
representations (much like in ontologies) that include semantic relationships among
the elements.

2. The next step is the manual definition of more complex content. This is usually an
iterative process of defining and testing prototypes for these clusters. If prototypes
match on more than one occasion over the whole text collection, in our case Covid-
19 reports, we consider them as candidates for further analysis.

3. Phase 2 is the starting point for the learning process to identify term hierarchies. The
Contexter system takes the confirmed prototypes of blueprints, and continuously
applies them to the text collection. Whenever the system identifies a similar pattern
of semantic markers it tries to find further patterns that match this pattern. Each
instance found is marked as potential candidate for a new content cluster. If we take
the blueprint in Fig. 1 as seed, we may find similar text pattern comprising the same
Named Entities but differ in keywords (from BoW) or components of Named
Entities applied.

4. The results of the automatic NER are controlled and evaluated. Here, we need again
human intervention. The users manage theme-specific BoWs and content schemas
and classify the output of the system. A candidate proposed by the system can be
confirmed or rejected.
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4 Conclusion

This paper presented the state of work of Contexter, a prototypical system that operates
on Named Entity Recognition and uses theme-specific Bag of Words to identify
semantic markers in text that point to the specific meaning of pieces of text.

The application areas of the content schemas are manifold. The main purpose is
identifying facts in texts and represent them in a distilled and standardized way along
their respective context. This facilitates the comparison of facts in different sources and,
thus, supports the detection of fake news and misinformation.

Fig. 2. Examples of extracted and annotated news texts matching the blueprints “fatality” and
“infection”
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Named entities and terms from BoWs identify the meaning of words (and
numerical data) as they appear in a piece of text. Iteratively applying standardization to
already extracted and annotated pieces of text yields semantic hierarchies that enable
the identification of meaning along generalization or specification aspects. This, in turn,
makes text comparisons more precise and versatile.

Contexter is still work in progress, but we already noticed that our content schemas
have a certain proximity to ontologies. We use the schemas for text interpretation on a
basic level and gradually produce concept hierarchies. However, we clearly see the
necessity to add more functionality to schemas, in particular, when parts of the schema
address factual (i.e. numerical) information. Quite often calculations can be helpful to
check the plausibility of statements based on numerical information. Let us take the
situation when a proposition insinuates a ten-fold increase of infections in a particular
location in one week. By comparing the increase rate obtained from trustworthy
sources with the predicted one we may notice an extraordinary difference leading to the
conclusion that the predicted rate in the proposition is not plausible.
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Abstract. Car driver and occupants monitoring is important for safety and
comfort. The systems using vision sensors for monitoring the line of sight can be
integrated with pressure sensors embedded in the seats to identify critical Out of
Position conditions. A new modular car seat is here proposed to monitor the
pressure distribution on different significant regions. The solution improves the
limitations of existing technologies embedded in seats. The proportional and fast
measurement enables online complex evaluations, while the layout reduces the
risk of errors. The experiments proved the effectiveness of the prototype.
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Modular car seat � Seat regions � Intelligent vehicle � Safety system � Car seat
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1 Introduction

Monitoring the car driver or the other occupants is important for safety and comfort.
Research is focused on developing systems for detecting the drowsy, stress, fatigue and
monotony states, [1, 2]. Those systems especially monitor the eyes of the driver. They
can reduce the possibility of an accident to occur, but their data are poorly usable for
detecting the different Out of Position (OP) states for both the driver and occupants, as
in those cases they cannot even find the eyes. On the other hand, the OP conditions are
one of the major causes of injuries in crash events, [3]. Those states would be better
monitored recurring to a sensor fusion, integrating vision cameras with pressure sensors
embedded in the seats, [4].

Most pressure sensors embedded in car seats enable only the detection of the
presence of an occupant with ON/OFF logics. Those systems simply inform the
vehicle, which checks that the seat belts have been fastened.

Some other systems are based on array of sensors below the fabric in order to
monitor the position of the occupant while driving, [5–8]. In dynamic tests, the pressure
field is continuously compared with the car accelerations, monitored by an Inertial
Measurement Unit (IMU), in order to discriminate the movements of the pressure
centre due to a wrong position from those due to inertial effects, [9, 10]. The pressure
field must be monitored by thin film piezoresistive sensors, which deliver strongly
nonlinear measurement, with hysteresis and drift. Also, not all the pressure passes
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through the sensors, since not all the surface is covered by them, leading to possible
evaluation errors. Such systems proved to be too prone to the irregularities of the
surfaces in contact, which generate local pressure peaks. Moreover, pressure detection
with finite area sensors is too sensitive to the occupant biometrics. In case of small
percentiles, several sensors can fall outside the pressure field. These limits make the
measurement qualitative only.

Other systems are based on a pressure mat with high resolution, [11–14]. The maps
of pressure distribution can be used to effectively assess the comfort of the occupant on
the seat. However, their construction is too delicate for being provided on passenger
cars. A mat consists of three superimposed layers. The outers striped layers require a
rows by columns scan strategy, which is too slow for an effective interaction between
human and vehicle. Moreover, the operating principle is based again on the piezore-
sistive material of the middle layer, with the same problems of the previous solutions.
In order to get meaningful information, the amount of data must be grouped in few
significant regions. So, a reduced number of data results sufficient and effective for the
evaluations, [15].

In the present research, a seat for car occupant monitoring has been developed,
capable of overcoming many of the described limitations. The seat is subdivided in a
proper number of regions in order to detect information that are significant even before
data processing.

The paper is organized as follows. Sect. 2 presents the sensor equipment and
methods. The driving experiments are reported and discussed in Sect. 3, while the
concluding remarks are drawn in Sect. 4.

2 Materials and Method

The seat is conceived with a modular architecture, each module being a significant
region for the detection of the interactions between occupant and seat, [13], as shown in
Fig. 1a. The seat is composed of 13 modules:

1 and 2. leg areas: front part of the pan, where legs rest or act for balancing during
driving maneuvers;

3 and 4. sacral area: rear part of the pan, sustaining most of the load;
5 and 6. lower sides of the pan: inclined cushions with containing function;
7 and 8. lumbar area: lower part of the backrest, loaded by the occupant back;
9 and 10. back area: upper section of the backrest for shoulders support;
11 and 12. upper sides of the seat: inclined cushions with containing function;
13. headrest: for neck and head positioning, not always used by the occupant

In each module of the seat, the load on the padding is transferred to the upper
structure, made of a 3mm PVC plate. This plate is supported by four load cells, as
shown in Fig. 1b. The squared cells have dimensions 34 � 34 � 8 mm and a payload
of 50 kg. So, each module has 200 kg payload, which enable safe experiments without
reaching the limit. The load cells are constrained onto a bottom plate which allows
them to freely flex thanks to a slot below. All the load from the occupant passes
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through the four cells. The four points support is a hyperstatic condition, but the little
bending of the plates during working compensates the eventual assembly errors,
keeping robust the measurement.

The 4 cells configuration enables the electronic connection as Wheatstone bridge
for the power and ground wires. A HX711 amplifier connects the signal wires of all the
cells in each module. The HX711 is finally connected with the Arduino Mega 2560
controller through ground, 5V power, digital clock and analogue input. In the end, the
modules of the car seat are wired to 13 analogue inputs of the microcontroller.
A BNO055 IMU complete the system, monitoring the car as the moving platform, [9,
10]. The installed prototype is shown in Fig. 2.

a)   b)

Fig. 1. Layout of a) modules in the seat and b) each module construction.

Fig. 2. Prototype assembled in the car for the experiments.
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3 Driving Experiment

In the experiments, the seat controller is connected to a spreadsheet interface pro-
grammed in Microsoft Excel through the PLX-DAQ program. This enables the online
visualization of the data and to record the stream of 17 values: 1 for the time, 2–14 for
the module loads, 15–17 for the accelerations.

The system continuously measures and evaluates the resulting force on each
module. From a static analysis of the forces distribution, that is when the car is still
parked, it is possible to detect biometric data. Two occupants were tested. The first is
185 cm height and 92 kg weight, the second is 187 cm height and 72 kg weight. The
system detects them as 88.9 kg and 68.5 kg, as shown in Fig. 3. Then, drivers were
asked to mimic various driving situations, assuming different positions on the seat.

a) b)

Fig. 3. Static experiments on the a) 180 cm * 90 kg and b) 187 cm * 72 kg occupants.

a) b)

Fig. 4. Experiments on the 180 cm * 90 kg driver in a) relaxed and b) rigid positions.
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Fig. 4a shows the experiment on the first occupant in a relaxed position, thus
spreading his weight on the modules. The seat detects 89.2 kg. Fig. 4b shows him in a
nervous and rigid position, thus with his legs pushing the body against the seat, 85.6 kg
detected.

The experiments with the first occupant in a wrong position reveal the OP condi-
tions, as shown in Fig. 5: a) forward reclined against the steering wheel, 83.4kg
detected, b) left reclined against the side door, 83.4kg, c) right reclined toward the right
seat, 84.7kg. The OP condition is clearly detected by the weight displacement to the
front 1-2-3-4-5-6 modules, to the 1-3-5-7-9-11 left ones or to the 2-4-6-8-10-12 right
ones respectively.

4 Conclusion

A novel modular car seat for monitoring the pressure distribution on regions of pan and
backrest is developed. Each module is sensorized by four load cells. The load cells are
reliable sensors with a metal structure, so reading is fast, proportional to the weight,
with no hysteresis, with high resolution and precision, thus enabling complex evalu-
ations. The modular construction is also quite robust. A limited number of analogue
inputs enables very fast measurements, thus enabling an effective interaction between
human and vehicle, such as described for systems based on a small array of sensors. On
the other hand, the layout of the modules delivers effective data, the same as achieved
with the pressure mat after data processing. Since all the pressure of the occupant
passes through the different modules, the risk of evaluation errors due to surface
irregularities is very reduced. The experiments proved the effectiveness of the
prototype.

The system can be developed in seats of passenger cars and of industrial vehicles
for adjustable ergonomics, according to driving fatigue, personalized settings, different

a) b) c) 

Fig. 5. Experiments on the 180 cm * 90 kg driver in a) forward reclined b) left reclined and c)
right reclined out of positions.
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body sizes and driving styles. It can be used in continuous driver monitoring, enabling
new safety strategies in intelligent vehicles. Finally, in sport driving, eventually on a
simulator, the modular seat would enable to interact with the driver for an augmented
drive experience.
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Abstract. Recent developments in additive manufacturing technology may
initially appear as an emerging opportunity for multiple manufacturing sectors,
but there are several serious challenges to the potential application of additive
manufacturing with Fiber Reinforced Plastic (FRP) to the yacht design and
manufacturing industry. While several boat hulls have been produced using
additive manufacturing technologies such as the 3Dirigo demonstration project
built at the University of Maine [1], vessels of this type remain experimental
prototypes that will require additional testing before the technology proves
commercially viable as a construction method. The example of Thermwood’s
Large Scale Additive Manufacturing (LSAM) system to successfully produce a
small yacht hull plug mold is a promising application for 3d printing in yacht
manufacturing [2]. Other applications of additive manufacturing technology to
yacht components have proven viable, especially for small-scale replacement
parts and retrofit components [3]. These initial steps into additive manufacturing
are promising advances for the yacht design and manufacturing sector, but
serious technical challenges remain before FRP hulls can be produced using
additive manufacturing technology.

Keywords: Rapid prototyping � Additive manufacturing � 3D printing � Yacht
design � Nautical manufacturing � Fiber reinforced plastic � Composite
materials � Material performance � Multi-bias printing � Laminar slicer �
Robotics � End effector � Extruder � Print head � Tool path

1 Introduction

Advances in additive manufacturing technology over the past three decades have been
revolutionary for the field of industrial design, and some of these advances are
beginning to work their way into the yacht design and manufacturing sector. At first, 3d
printers were used primarily as visualization tools to produce scale models of yachts for
design testing and marketing. More recently, additive manufacturing tools have been
successfully used to create replacements parts, limited run and customized direct to
market marine components.
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In the near term it is likely that additive manufacturing will be deployed to aid in
the manufacture of yachts and yacht components rather than to 3d print yacht hulls
themselves. In 2017 Thermwood used its LSAM technology to produce a plug mold for
a small production series skiff [2]. This application of 3d printing technology greatly
reduces the time and cost to produce molds for complex manifold surfaces. Molds are
one of the most expensive investments for FRP yacht manufacturers. For the yacht
manufacturing sector this time saving production tool offers both the opportunity to
produce multiple variations of a hull for little additional cost and substantial reductions
to the cost of serial production [4] by creating duplicate molds with identical dimen-
sional characteristics thereby allowing multiple manufacturing lines of single high-
volume production models.

While there have been several highly publicized demonstration projects featuring
full-scale 3d printed boats such as the University of Maine 3Dirigo project, it is clear
that boat hulls built using additive manufacturing are not yet ready for mass production.
Despite the fanfare surrounding the 3Dirigo project, it is worth noting that the vessel
has remained at an indoor facility for nearly a year to undergo testing for seaworthiness
[1]. It remains unclear how the surface of the 3d printed material will behave in a
hydrodynamic environment and whether the thermal bond between layers of extruded
plastic will continue to be impervious to the intrusion of water under load and subjected
to various environmental conditions over time. The yacht design and manufacturing
sector looks forward to publication of the results of 3Dirigo performance testing.

A hybrid 3d printing application to yacht manufacturing that mitigates some of
these issues is a 6.5 m racing yacht built in 2019 by Italian firm Livrea Yacht. For this
project Livrea used additive manufacturing to print the inner core of a small sailing
vessel that they subsequently coated with a waterproof stiffening carbon fiber skin [5].
A series of production delays have kept the outcome of the project out of the public
eye, but the conceptual approach appears promising. However, it is clear from these
few examples that significant technical challenges will need to be overcome before
additive manufacturing can be used to directly print yacht hulls ready for market.

2 Challenges

In order to understand the technical challenges for adopting additive manufacturing for
producing yachts it is useful to understand both the particularities of yacht hulls and
how 3d printing technology is used to make large 3-dimensional forms.

Yachts in the sub-40 m range are typically produced using molded Fiber Rein-
forced Plastics (FRP). The hull shape is formed with multiple layers of biaxial fiber-
glass or carbon fiber roving applied with thermosetting resin to either a plug or a cavity
mold. The outer layer of the hull is a highly polished water impervious plastic surface
that is optimized both in form and texture to move through the water with minimal
resistance. On the interior, yacht hulls are composite structural systems designed to
respond to the dynamic loading conditions of the marine environment. They are
composed of two primary parts: a lower FRP hull chemically and mechanically bonded
to an internal structural system of metal, wooden, or lightweight foam stringers, ribs,
floors, and bulkheads; and an upper FRP deck that is mechanically and/or chemically
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bonded to the hull and its attendant structural components. Each of the subcomponents
is optimized for minimal weight and size to resist loads while maximizing useable
interior volume within the hull. All of the subcomponents work together to define,
support, and maintain the shape of the hull as it supports its own weight and resists the
forces that act upon it in the water.

Additive manufacturing systems applied to large scale projects typically use the
Fused Filament Fabrication (FFF) method. They rely on slicing a 3-dimensional
computer model of an object into a series of horizontal layers. The 3d printer builds the
physical object by tracing the 2-dimensional profiles or slices of the 3-dimensional
object with an extruded bead of molten thermoplastic. Each successive layer of molten
plastic bonds thermally to the layer below. As the 3-dimensional form begins to
emerge, sacrificial support material called scaffolding may be printed to strategically
buttress overhanging surfaces and keep the 3-dimensional form from collapsing or
deforming under its own weight.

It is clear that FRP yacht hulls have specific requirements that laminar FFF additive
manufacturing is poorly suited to address. There are several serious challenges to solve
before additive manufacturing can be used by the yacht manufacturing industry to print
hulls.

Materials: Traditional FRP molding allows the production of durable, light weight,
and highly polished finished hull surfaces integral to the manufacturing process. The
finished surface of 3d printed objects is often quite rough, suggesting that additional
surfacing applications or polishing procedures may be required to achieve surface
qualities required for boat hulls. To achieve similar strength current large-scale additive
manufacturing tools use an excessively wide extrusion bead of un-reinforced ther-
moplastic material that is heavier, thicker, and may be less durable than traditional
FRP. The ideal material for 3d printing hulls will require the following characteristics:
impervious to ultraviolet light and water or ability to easily bond to UV and water
resistant coatings; relatively light weight so as to not significantly increase displace-
ment; retain dimensional stability at a broad range of temperatures; exhibit stiffness,
shear strength, and puncture resistance comparable to FRP; and ideally lend itself to
low waste and end of use recycling. Given that it is unlikely that a uniform wide bead
thermoplastic material will be able to meet these exacting requirements, composite
materials with either discontinuous (shredded) or continuous stranded fibers in either a
thermoset or thermoplastic matrix appear to be the most likely material candidates.
Several promising technologies appear ready for experimentation with modest
upscaling including 3d printing solutions offered by Markforged and 9T Labs. Both of
these material solutions rely on Continuous Fiber Fabrication (CFF) using relatively
expensive thermoplastics: Markforged uses a carbon fiber reinforced nylon [6] and 9T
Labs uses a novel semi-crystalline polymer polyetherketoneketone (PEKK) [7]. Both of
these material options are significantly more expensive than the thermoset plastics such
as polyester and epoxy resins that are commonly used in the marine industry.

Scale: Assuming that continuous fiber reinforced composites present the best material
solution for deploying additive manufacturing to yacht production, the technology will
need to be scaled up to accommodate the relatively large size of yacht hulls. Currently,
there are no examples of commercially available large-scale composite additive
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manufacturing tools that can make an entire full-size hull as one piece using the CFF
process. While the University of Maine 3Dirigo project used a moderate temperature
thermoplastic, it did not feature stranded fibers, relying instead upon wood-based
cellulose fillers [1]. It is likely that large scale additive manufacturing tools that can
print continuous strand composite materials will become commercially available within
the next decade. MOI Composites, an Italian start-up firm has conducted an interesting
series of demonstration projects with multi-axis non-planar CFF manufacturing using a
robotic arm and continuous glass fiber strand impregnated with an ultraviolet curing
thermoset resin [8]. Meanwhile, a series of pavilions built as proof of concept computer
assisted manufacturing projects at the University of Stuttgart Institute of Building
Structures and Structural Design demonstrate that architectural-scale objects can be
constructed with robotic arms weaving continuous strand fiber reinforced composite
structures that span modest distances without appreciable deflection [9].

Fiber Orientation: Traditional FRP hulls typically use multiple layers of woven glass
fiber roving which exhibits bi-directional tensile stiffening when bonded within a
thermosetting plastic resin matrix. Optimizing the orientation of fibers within a 3d
printed hull for structural reinforcement remains a significant challenge for typical
slicer-based additive manufacturing applications. 9T Labs has partially solved this
problem for smaller scale parts using a componentry approach featuring a secondary
heat and pressure activated bonding process [7], but this is not optimal for large
compound curved surfaces, nor is it likely that PEKK will prove to be a financially
viable replacement for inexpensive polyester and epoxy resins in the near term.
However, very promising developments demonstrating the feasibility of Automated
Fiber Placement (AFP) of PEKK impregnated carbon fiber tape by the innovative
aerospace firm Automated Dynamics suggest that high performance lightweight rein-
forced thermoplastic composite structures similar to yacht hulls can be manufactured
using automated robotic processes [10]. It should be noted, however, that this tech-
nology requires a mandrel or molded surface upon which PEKK impregnated carbon
fiber tape is laid prior to laser sintering. One might imagine adapting this technology so
that a yacht hull might be laid up within or upon a traditional mold using AFP by one
or more robotic arms – not exactly 3d printing a hull, but certainly automating yacht
manufacturing using additive processes.

Density: In typical FRP construction, autoclaves or vacuum-bags allow a precise
regulation of the ratio of plastic resin to glass fiber. Thermoset FRP parts built using
CFF processes tend to exhibit a rough stepped appearance with conspicuous voids and
irregularities indicating a high plastic/void to fiber reinforcement ratio. It remains
unclear how well this ratio can be controlled using CFF with thermosetting plastics.
Additional research and fabrication process testing will be required to find solutions to
this challenging problem. Ultimately, yacht manufacturers may need to wait until more
expensive but more controllable thermoplastic polymers such as PEKK come down in
price before they can be feasibly deployed in the production of yachts.

Structural Integration: As previously discussed, yacht hulls are not purely composite
FRP, often relying on wood, foam, or metal structural components that may be
encased, chemically bonded, or mechanically affixed to the interior portions of the hull.

18 E. Peterson



Integrating these elements in the additive manufacturing process may present serious
challenges. One can imagine a hybrid process whereby a large-scale 3d printer builds
integrated pockets, channels, or brackets into the hull. Printing might pause while rigid
elements are added, after which printing could resume. This would require a low profile
or slender extrusion head mounted on an articulated robotic arm. I am currently
working with a research team at Florida International University Robotics and Digital
Fabrication Lab on the integration of ancillary structural systems in large scale 3d
printed objects. We look forward to publishing the results of our fabrication research
early next year.

3 Conclusion

Once these technical challenges are successfully addressed, we may see a new era of
FRP yacht hulls produced entirely or in part by additive manufacturing. In the
meantime, the most urgent areas of applied research fall into 2 primary areas: software
and materials. The typical slicer software used to rationalize 3-dimensional forms for
3d printers is wholly inadequate for the manufacture of yachts. Yacht designers and
manufacturers will need to control the robotic placement of materials using easy to
define 3-dimensional toolpaths. Further, the programming of patterns of material
placement in response to static and dynamic load analysis needs to be nominally
standardized and automated. At the same time, the yacht design and manufacturing
industry may need to re-evaluate its commitment to cheap thermoset plastics such as
polyester and epoxy. While initial projections may indicate that new polymer ther-
moplastics will be more costly to adopt, the labor savings and economies of scale that
accompany widescale industrial implementation of a novel material might quickly
bring down the overall production costs for the yacht manufacturing sector. In any
case, the next several years promise to be an exciting period for applied research in
automated fabrication and presage a potential sea change for the yacht manufacturing
sector.
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Abstract. Information in machine-readable form has to be entered by users of
information systems in various situations. In the input process, forms with a
number of individual fields are commonly used. For the creator, this input can
be cumbersome and potentially counterintuitive. For this reason, free text
components are becoming increasingly important. Information in the form of
free text is not machine-readable as such, and extracting information is complex.
The accuracy of existing approaches used to extract information from free text
components depends directly on the quality of the used internal model. These
models have to be created by experts or trained in advance using the appropriate
machine learning methods. The main objective presented in this paper is
extracting information as well as enhancing the underlying model on the fly.
This implies that the information extraction algorithms apply directly to the
user’s input and that the user is enabled to correct possible deficiencies in the
model as they arise.

Keywords: Information extraction � Free-text processing � Human-Machine
Interaction � Natural Language Processing

1 Introduction

Information in machine-readable form has to be entered in various situations, whether it
is the medical record at the docto’s office or other official forms, such as police reports
or tax declarations [1]. This paper will refer to this kind of documents as reports. Most
common in the input process are complete blank pages where free text can be entered
or forms with a number of individual fields for specific pieces of information [1].
Information elements structured in single input fields can be stored machine-readable
and can then be reused, quality checked or further processed at a later time. Whereas
free text documents are difficult to machine process and thus require manual effort. For
the creator, however, both extremes are often cumbersome and potentially counterin-
tuitive [2, 3]. For this reason, combinations like free text components in a structured
document are becoming increasingly important for users. However, this limits machine
processing to the structured parts; the information from the free text parts is likely to be
ignored. In order to make these parts machine-readable as well, NLP (Natural Lan-
guage Processing) can be used.
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The research area NLP deals with the ability to interpret free texts automatically.
There are different approaches to extract information from free text components [4]. All
approaches have one thing in common: An internal model is used to identify and
extract textual information. The accuracy of the information extraction depends directly
on the quality of the used model. These models have to be created by experts or trained
in advance using the appropriate machine learning methods [5, 6].

The concept presented in this paper focuses on the information acquisition process.
In particular, the user should be supported in writing his report as quickly, completely,
correctly and intuitively as possible. In this context, approaches are also being inves-
tigated as to how the reported information can be recorded and displayed when the
information is entered in such a way that it can be automatically retrieved and further
processed.

We discuss how these methods can be used to create structured, machine-readable
information from free text by means of certain paradigms of HMI (Human–Machine
Interaction). The main objective here is extracting information as well as enhancing the
underlying model on the fly. This implies that the information extraction algorithms
have to be applied directly to the user’s input and that the user is enabled to correct
possible deficiencies in the model as they arise.

2 Natural Language Understanding

The implementation of the above-mentioned objectives requires the use of technologies
and processes from the area of NLP.

The NLP research area addresses automated analysis and synthesis of natural
language and is a branch of computational linguistics. NLU (Natural Language
Understanding) is a subarea of NLP. It deals with the processing of text on a semantic
level to understand the meaning of the text. NLU covers a variety of conceivable
applications. These range from small, relatively simple tasks, such as understanding
short commands by robots, up to highly complex objectives, such as a complete
understanding of newspaper articles. Many applications today fall between these two
extremes, for example text classification for automatic analysis of e-mails [4, 7].

Regardless of the used approach, most NLU processes share common components
for concept and implementation. Usually they use a lexicon of language, a parser and
rules (e.g. grammar rules) to convert sentences into an internal representation and to
enrich them with semantic knowledge [8]. The parsers are based on a number of
successive basic NLP tasks. The Saarbrücken pipeline model, for example, describes a
possible sequence for these basic NLP tasks [9].

A pipeline for basic information extraction consists of the following steps: first
single sentences are segmented followed by word tokenization and position-of-speech
tagging. This fundamental NLP tasks are the foundation for all further steps such as
entity recognition and relation recognition [10].

The prerequisite for this is that the essential information elements for the respective
domain are already taken into account when defining the underlying information
model. Models are always heavily dependent on the domain in which they are to be
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used. This affects the ease of adaptability to changed situations in the domain, but also
the handling of particularly extensive domains.

In the medical field, for example, abbreviations are often used to keep the typing
effort small. In some areas, short, grammatically simple sentences are used that do not
correspond to the normal use of grammar. Therefore the normal grammar rules cannot
be used in the underlying model. To machine learn these special abbreviations and
grammar rules, an adequate dataset for training is needed, but rarely available.

This shows that the interaction with the user is becoming more and more important.
In order to be able to process the user input accordingly it requires a model that can be
expanded on the fly. We are currently not aware of any procedures that deliberately
provide for this. A first starting point for specific model extensions are the basic NLP
tasks, like tokenization, POS-tagging and noun phrase chunking for entity recognition.
Especially unknown abbreviations and the over-simplified grammar used in some
domains can cause problems which continue in later process steps. This basic NLP
tasks are based on rules and dictionaries [11]. Therefore they offer a direct interface for
extensions on the fly.

To enable the user to interact with further text processing steps like the classifi-
cation of the entity type is more challenging. State of the art (named) entity recognition
methods use neural networks and require annotated training data. Those models are
unlikely to be changed at runtime. Therefore a more feasible approach could be to re-
train the model with the user corrections overnight. In order to be able to automatically
generate training data from user corrections, rules must be derived from the user
interactions. Although this approach is technically feasible, the effort and benefits have
to be evaluated, especially under the specific language constraints. Dedicated NLP
tasks are suitable for examining this approach. For example (named) entity recognition
methods are promising, since they could extract a large part of relevant information
from texts, when adapted and expanded to the specific information entities.

In addition to the technical implementation of the interaction, it is crucial that the
ergonomic design of the corresponding user interfaces is carried out according to the
dialogue principles defined by [12]. As the user won’t necessary be a domain model
expert, the HMI needs to support his interaction with the underlying model in an
understandable and self-descriptive manner, without distracting the user’s main task of
writing the report.

3 Human Machine Interaction

As described in the previous chapter, the user can support and correct the NLP model
with his knowledge. In addition, the machine can also support the user in entering his
information. This ensures a consistently high quality of information, despite the
increasing demands on the user and with regard to the amount of information.

There are certain attempts in the literature trying to include users in NLP processes.
However, these papers mainly address the user in the role of a system developer or
system administrator and not an end-user [6, 13]. Key questions for beneficial end-user
machine interaction are: how much support does the user need while entering infor-
mation and how can the user support the underlying NLP model?
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A possible approach to address above questions will be discussed using the
example of creating a medical record for a new patient, in the context of which different
information about the patient such as name, address, probable medical history, etc.
must be entered.

3.1 User and Machine Support

Providing a completely blank page for the input of information gives the user no clues
as to the needed content. This may cause the user to forget to enter essential infor-
mation. On the other hand offering strongly structured forms with many dedicated input
fields could overwhelm or limit the user.

Our approach proposes a compromise between these two extremes by combining
corresponding fields, for example all the address information needed, such as street,
house number, apartment number, zip code, city, province and country, to one free text
like field.

During input, the particular elements are being recognized by means of the NLP
model and stored in the system. However, what happens when certain tokens are not
recognized correctly or not recognized at all, like the zip code from the example above?

In general there are different HMI paradigms that fundamentally describe the scope
for human intervention in machine processes and thus the interaction between human
and machine. While HITL (Human-in-the-Loop) provides for very close interaction
between human and machine, the HOOTL (human-out-of-the-loop) approach allows
the machine to work autonomously without interaction with the human. However,
according to [14], the high degree of human involvement for HITL could lead to
human-caused errors. And HOOTL, however, makes it difficult if the human is needed
at a later time after all [15].

The HOTL (human-on-the-loop) approach tries to avoid these disadvantages.
HOTL does not provide for continuous human interaction with the machine processes.
i.e. the actual core processes are performed by the machine independently. However,
the human has a supervisory role, in which he can intervene if necessary, for example
by correcting decisions made by the machine or by taking over certain tasks [16].

3.2 Situation-Dependent and Individual Behavior

A beneficial approach of HMI for information entering can be achieved by switching
between HITL and HOTL [17]. It is based on a mutual interaction between human and
machine, with both sides contributing to the fulfilment of the task according to their
own strengths and weaknesses. However, the roles are not defined in advance, but
during the problem-solving process. In some applications, the processes are thus
handled by the system, while the human acts as a mere supervisor, i.e. the HOTL
paradigm applies. In other cases, the system needs more support from the human, so he
is therefore more actively involved, i.e. the HITL paradigm applies.

For the input and processing of free text information, this more flexible method
makes a lot of sense from our point of view. Which mode is active at a certain time,
however, depends on specific conditions like: (a) Given task: A supervising body raises
the priority for improving the model. The mode is set to HITL and users are encouraged
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to correct errors. (b) Given time: For time-critical tasks, HOTL mode is rather used, for
non-time-critical tasks, the HITL mode. (c) Given role: Users who for example have no
rights to correct errors are put into HOTL mode automatically (d) Given Information:
With information that is of particular importance, for example the medication pre-
scribed by a doctor, the user should be able to correct any errors. In such cases, the
HITL mode should be mandatory.

Apart from the context, it is important that the user is put in a position to be able to
control the extent of the interaction. If the user cannot or does not want to make a
corrective action in the given situation, the machine should not demand HITL mode
and proceed in HOTL mode automatically.

Figure 1 shows an example of how the HOTL mode might be applied to an address
field. The user enters an address (left). The system recognizes all entries except the 9-
digit US zip code (right). The user can then either confirm or reject the result. The
shown example is a schematic representation only and not a concrete user interface
design. A HITL mode corresponding to this is more complex and will therefore not be
further elaborated in this paper.

4 Conclusion

In this paper we introduced our basic approach, which allows free text input to be
simplified for the user and made machine-readable for the system. The concrete design
of the corresponding HMI and user interfaces must be elaborated depending on the
domain and the given circumstances. In general, a situation-dependent mode change
seems to be appropriate. Since the described approach causes increased effort for the
user, especially in HITL mode, it is crucial that the benefits of an improved NLP model
are clearly presented to the user. A suitable method for this is, in our perspective, the
use of autocomplete methods. Thanks to the improved suggestion lists displayed while
typing, the user could immediately see that the extra effort to correct errors is
worthwhile.

234 Hillsboro Ave Apt 101 
MN 55427-1609

Street: Hillsboro Avenue
House number: 234 
Apartment: 101 
City: Mineapolis 
Unknown: 55427-1609

Confirm Reject

Fig. 1. Example of an address field in HOTL mode
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Abstract. The main objective of this research is to understand the symbolic and
cultural readings that the Cork-a-Tex yarn can have as a new fashion design
textile. The methodology is divided into two parts: literary review and analysis.
The literary review contextualizes the main themes of this paper and the analysis
approaches both semiotic and trend methods, framing the case study as a ‘cool
signal’ of socio-cultural trends. Both analyses contribute to a cultural reading of
meanings behind the case study and promote a better perception of contexts and
mindsets. Through this combination of methods, we understand the framework
of meanings imprinted on the object. Understanding its cool nature and asso-
ciation with trends reinforces the need for developments of new materials from
cork and stimulates research on socio-cultural trends.

Keywords: Cork � Trend Studies � Semiotics � Sustainability � New materials

1 Cork: An Irreverent Material

Cork is a natural material known for the production of cork-stoppers, its most common
derived-product. The Portuguese Association of Cork (APCOR) states that “cork is the
bark of the cork oak. It has a range of applications to attributes that no technology has
managed, until today, to imitate, match or surpass. It is a 100% natural, 100% reusable
and 100% recyclable raw material extracted from cork oaks without ever harming the
normal development of the species and without damaging the tree” [1].

Cork exports represent 3% of the Portuguese international trading. That makes the
country a leader when dealing with this sector. It is also relevant to see all the cultural
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and economic environments that cork provides for those who work in this sector and
are involved in the management of other derived areas such as product, design, and
specific industries [14]. Trough the cellular structure of cork, we can take advantage of
its attributes. Its properties are light, waterproof, elastic, compressible, thermal and
acoustic isolating, low combustion, hypoallergenic, and resistant to friction [1, 14].
Cork properties make this material an interesting choice when dealing with innovation
and new product developments and design [15].

Cork is known as a versatile, unique, and natural material used to develop several
cork-materials that allow a significant development of products in different contexts [5,
7, 13]. For this research, we highlight the cork fabric (tecido de cortiça) as an important
material development in the fashion industry. This material, also known as “cork skin”,
is manufactured from rolls of agglutinated and plywood cork that is laminated, forming
the sheets of this material. The cork fabric, however, is not a real textile, since cork is a
fragile material, some addictive or second layer must be glued on it when laminated.
Although it is not a real textile, the cork’s agglutination with other fibres makes it
possible to get very thin layers of this material. This way, it can be used as a textile-
membrane in several fashion-design objects (see, for example, [4]). To solve this
question, Sedacor [21], Têxteis Pênedo [23], and CITEVE (University of Porto)
developed a new approach to cork and the textile industry. A newly processed material
based in cork-powders and leftovers from the industry emerges: the Cork-a-Tex
Yarn®. This new yarn is a natural and sustainable material with cork-properties that
responds to the need of a cork-thread for sewing and developing new textiles. This new
product that takes the form of a natural membrane is a “high-performance textile […]
incorporates the properties of textile substrates in terms of comfort, touch and
appearance” which takes all the advantages of cork-properties, such as “lightness,
thermal insulation, anti-mites, dirt and water repellence, and impermeability, which are
traditionally only obtained by the addition of functional chemical agents” [17].

2 Trends: Patterns of Meaning in Society and Culture

Trend Studies, as a scientific approach, has been growing and developing a particular
perspective in academia, especially in Portugal [3]. The concept of ‘trend’, in a socio-
cultural approach, is a term that adapts itself in different contexts. It needs to be
explained in detail according to the different discourses where it is applied [6, 27]. The
concept of ‘trend’ is generally related to the idea of ‘change’ as different authors state
[10, 19, 27]. We believe that this change is related to the constant and dynamic
impulses that stimulate people and, consequently, the environment and culture.

In this research, we are dealing with macro shifts in society and culture. In this
sense, socio-cultural trends represent a direction and movements on values on society
[6]. Studying them opens new opportunities to recognise the near future through the
understanding of cultural manifestations. The study of society in a diachronic per-
spective, the understanding of present events and the continuous observation of cultural
developments underline the need to be aware of new discourses that may be relevant
for the identification of future scenarios [10, 12, 18].
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Cultural analysis for trends identification is a path for understanding the core
movements that enable to recognize the early stage of trends [10, 18]. Tracking
upcoming changes in mindsets is particularly important to articulate cultural analysis
and brand/product management. For that, operating under the social paradigm of
culture highlights the need for the identification of patterns in society, as stated by
Williams [26]. Those patterns of meaning are the reflection of trends and enable the
creation of better strategies and the crafting of relevant artefacts. When looking for
those patterns, it is important to understand the signals that have more chances of
indicating a particular movement of change that may become a trend. For that, we must
analyse cool signals that are indicators of these changing meanings taking the form of
cultural objects.

Looking for cool signals trough a cultural analysis praxis is a relevant tool for
discovering the most relevant and prominent signs of change in society. When finding
the “coolness” and associated cultural objects that inhabit society, we can interpret
meanings and contextualize related practices. When doing that, we can connect the dots
and see patterns that lead us to the identification of socio-cultural trends [6, 10], or read
the specific object to understand its relevance in present society.

3 Methodology and Case Study

We start by informing the methodological analysis of the case study through a literary
review. In this section, defined as non-interventionist, we set the research question that
guided this study (What are the symbolic and cultural readings that Cork-a-Tex yarn
can have on fashion design?) and contextualized the cork as a natural material and the
Cork-a-Tex as a derivative object from cork.

The case study gave clues regarding its relevance, both in Portuguese economy and
heritage, but also in the advantages and possibilities of developing new products from
this natural material, notably in fashion design. After describing cork as a natural
element, we approached Trend Studies to understand the changes that enable us to
create relevant and articulated readings for products and brands. Trend Studies’
viewpoint is closely linked with tracking culture and instigates the search for layers of
meaning in cool objects. In the second part, defined as interventionist [22], we analyse
the case study trough both selected methods: (a) semiotic analysis and (b) trend
analysis.

Concerning the first method, authors like Barthes [2], Oswald [16], and Rose [20]
contribute to the structure of our semiotic analysis. Reading objects permits the iden-
tification of meanings behind texts, and semiotics is a method that guides the translation
of meanings that exist on the cultural objects [20]. This reading approach of cultural
texts helps us to develop new perspectives about the signs that inhabit our society
[2, p. 4]. Similarly, Oswald [16, p. 4] underlines that “semiotics adapts linguistic theory
to the study of nonverbal signs and symbols and anchors them in the culture”, which
justifies its relevance in this research. The semiotics system allows a reading focused on
the connotative function of signs that contrasts with the denotative function [2, 16, 20].
In this point, it seems relevant to underline both definitions: the denotative reading of the
object “resembles the dictionary meaning of a word—it simply indicates the concept as
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a matter of fact” [16, p. 54]. Meanwhile, “the connotative function of discourse endows
signs with nuances and shades of meaning […] and is highly dependent on the context
of the message. Connotations may be culturally based, such as the interpretation of
symbols and colors. Connotations may also be highly personal” [16, p. 55].

After this exercise, we develop a trend analysis—with trends identified by Trends
Observer—attempting to clarify the symbiosis between the case study as a cool signal
and its relation to socio-cultural trends. The concept of cool, although may seem one of
the most mystical concepts in Trend Studies, has been discussed by several authors [8,
9, 11]. In this research, we highlighted the definition of the Trends and Culture
Management Lab [24], built on the review of several authors like Kerner and Pressman
[11], Gloor and Cooper [9] Gladwell [8], among others, which describes cool as
something “relevant”, “viral”, “in the moment”, “irreverent”, “instigating”, and that
may reflect a “discontinuity” of the current socio-cultural patterns [24]. We describe the
case study as a cool signal and correlate it with socio-cultural trends to review con-
notations on its symbolic and socio-cultural meaning and possible relation to fashion
design.

4 Data Articulation

The possible connotative readings of the Cork-a-Tex yarn call for a symbolic construct
associated to the base material: cork. It inhabits Portuguese imaginaries as a well-
known reference and natural material. The association with wine, and its bottles,
another popular and important Portuguese product, highlights cork’s place in a sym-
bolic setting as part of Portuguese narratives and identities. As an essential export
product, it also plays a role in many tourism-oriented objects. Now, it takes the role of a
textile, an innovative material, and its articulation with fashion represents an imprint of
certain narratives and identity elements of Portuguese heritage in fashion creations. It
adds depth in symbolic meaning, new layers, which generate positive identifications
and associations.

This object, the Cork-a-Tex yarn, encompasses the six cool characteristics [24]
already described, as it is: (1) relevant, in tune with emotional identity genes that call
for local elements and products with symbolic narratives and associations with
emerging socio-cultural trends, as we will see ahead; (2) viral, since the material is
expanding to new products and solutions and it highlights the potential of finding new
purposes for symbolic materials; (3) in the moment, as it makes sense today and
answers to current mindsets; (4) irreverent, as it is not only an avant-garde solution but
also a positive and provocative proposal that underlines textile innovation; (5) insti-
gating, thought-provoking, and with a (6) proposal of discontinuity, as it underlines
again the potential for new materials with emotional associations that are transferred to
new practices and objects that represent lifestyles.

On another note, we can see a clear connection with macro socio-cultural trends,
considering the symbolic connotative associations and the described nature of cool. For
this analysis, we will consider the “Experienced Narratives and Identities” and “The
Full Gaze of Sustainability” trends, identified by Trends Observer [25], a trends
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platform that operates with macro trends and defends a scientific approach. These
trends underline the cool nature of the Cork-a-Tex thread. As the first trend description
highlights, it is about identity narratives, the practices, and objects that emphasize
identity elements and the symbols behind collective stories. In terms of our study
object, now we can experience more symbolic elements in the body. It’s the articulation
between a symbolic and material culture that calls for our memory and plays nostalgic
stories in a new experience and medium, a sustainable thread of fashion. A Portuguese
story that can be experienced in the body, giving place to a new textile for fashion that
articulates important Portuguese economic and symbolic industries, from cork to tex-
tiles and fashion. The second macro trend relates in terms of sustainability. This
material, as seen before, can help a growing movement in terms of sustainable fashion
and can embrace the front line for new developments in the fashion industry trough
natural materials with relevant cultural contexts.

5 Conclusions

This research underlined the methodological potential within the articulation of
semiotic readings and trend analysis. The connotative analysis imprinted in texts and
fashion objects offers an insight into deep symbolic associations and different mean-
ings. This, in turn, highlights associations with emerging socio-cultural trends, as well
as their current symbolic constructions. This way, we can see how objects and texts are
in tune with different trends and how they may represent change in mindsets and
practices when dealing with fashion design. The Cork-a-Tex thread is one of these
objects underlining emerging trends, with a robust cool nature and complex symbolic
associations that articulated Portuguese identities, memory, and narratives, as well as
sustainability. Trough the association with both trends, previously defined, we con-
firmed not only the cool characteristics of the thread as an innovative and sustainable
solution but also the associations that inserts this object in macro trends that deal with
narrated identities, experiences and sustainability. In terms of symbolic pictures within
socio-cultural dynamics, this research informs the contexts and meanings in the fashion
design sector. Future research with this material may lead to the reaffirmation of
Portuguese culture and heritage. We also encourage in-depth research in sustainable
materials and practices that can contribute to better alternatives in terms of environment
and cultural symbolic heritage, as cork provides.
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Abstract. This study is the continuation of our previous study and concerns the
development of a system that simulates human behavior for use in the design
process for an atypical space. This paper aims to identify the psychological
causes of human social behavior in atypical architectural geometry, which are
essential for the development of a human behavior simulation system. Users
interact both individually with a building’s shape and socially with others within
an atypical building, and it is necessary to grasp both the form of social action
taking place in an atypical space and identify the cause of that form in order to
lay the foundation for computerization. In order to analyze the causes of social
behaviors of users in an atypical space, we first looked at the actual social
behaviors. A representative case was drawn from the results of a survey. Then, a
psychological interpretation was attempted based on the literature review. This
paper’s primary concern is with the psychological interpretation, and the second
half presents a proposal for applying the psychological interpretation to a social
behavior simulation system. The results of this study can be used as a foundation
for technology that can be integrated into the previously developed ActoViz
system to realize a more appropriate simulation for user behavior.

Keyword: Human factors � Human social behavior � Psychological
interpretation � Atypical architectural shape � Affordance

1 Introduction

Atypically shaped buildings are becoming increasingly popular in modern society and
the ability to design atypical buildings is invaluable for an architect. The design process
of an atypical building is somewhat different from a traditional architectural design
because the atypical design requires an equally unusual form of creating designs. Thus,
when designing an atypical building, the architect could overlook users’ convenience
and safety, which are significant standards of evaluating the value of buildings. In order
to prevent users’ safety and convenience from being overlooked, the use of human
behavior simulation is incorporated into the design process of creating atypical spaces.
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This study is the continuation of our previous study and concerns the development
of a system that simulates human behavior for use in the design process for an atypical
space. This paper aims to identify the psychological causes of human social behavior in
atypical architectural spaces, which is essential for the development of a human
behavior simulation system. Users interact both individually with a building’s shape
and socially with others within an atypical building, and it is necessary to grasp both
the form of social action taking place in an atypical space and identify the cause of that
form in order to lay the foundation for computerization.

In order to analyze the causes of social behaviors of users in an atypical space, we
first looked at the actual social behaviors. A representative case was drawn from the
results of a survey. Then, a psychological interpretation was attempted based on the
literature review. This paper’s primary concern is with the psychological interpretation,
and the second half presents a proposal for applying the psychological interpretation to
a social behavior simulation system. The results of this study can be used as a foun-
dation for technology that can be integrated into the previously developed ActoViz
system to realize a more appropriate user behavior simulation.

2 Atypical Building Design and Human Behavior Simulation

Atypical buildings can embody non-Euclidian building forms rather than typical
modern Euclidean forms. It is mainly composed of curved walls, slabs, stairs, and
shells that are difficult to see in modern architecture shown in Fig. 1. In the design
process of atypical buildings, architects can easily ignore human factors because they
normally focus more on the unusual shapes of buildings. Human behavior simulation
technology can allow architects to figure out problems related to human factors in the
middle of the design process. Hong and Lee (2018) state that the representation of
human behavior in atypical architectural design has a positive effect, as it improves
architects’ problem-detection abilities, related design development, the existing design
field, and atypical design [10, 11].

Fig. 1. Aspects of human behaviors in atypical architectural spaces.
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In the last study, we studied the development of agent technology in the form of a
person acting in response to an atypical building. However, the user’s behavior is
influenced not only by the physical situation of the atypical building, but also by the
social context. In order to develop a more ideal user behavior simulation, the purpose
of this study is to investigate the social behaviors of users in atypical buildings and to
identify their psychological causes.

3 Psychological Interpretations of Human Social Behaviors
in Atypical Architecture

To determine the psychological cause(s) of the social behaviors of users in atypical
buildings, the behaviors in atypical spaces were investigated and analyzed. We visited
representative atypical buildings, observed user behaviors centered on atypical build-
ings, and classified typical behaviors. The psychological analysis of representative
cases is as follows:

3.1 Self-perception

The ‘self-perception theory’ proposed by Daryl Bem in 1972 assumes that when we are
unsure of our own attitude, we take on the observer’s stance. According to the theory of
self-perception, when our attitude is weak or ambiguous, by observing our behavior
and the environment in which it occurs, we infer our attitude as others observe us.
Among the behaviors we observed, we saw users sitting on a chair, sitting on a
staircase, or leaning on a pillar. Of course, an individual may be doing this for the
purpose of rest, but from a psychosocial point of view, when a person leans or sits
somewhere, that person may continue to rest because he or she infers, “Oh, I need a rest
now.” The fact that one’s behavior can correct self-perception can be explained by the
“facial feedback effect.” that our emotions are affected by imitating the expressions or
actions of others. When we observe others resting on walls (or sitting on stairs and
chairs), we naturally and unconsciously imitate to match our behaviors and coordinate
with others’ feelings (Fig. 2).

Fig. 2. Examples of human social behaviors related to self-evaluation in atypical buildings.
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3.2 Behavioral Conformity

Since human beings exist in society, they are impacted by the existence of others. One
of the effects is conformity. Sympathy is not simply following another person’s
behavior, but following another person’s behavior or belief. Whether we are superfi-
cially following or actually resonating, we are influenced by the actions of others. The
observation of the majority of individuals leaning forward on the wall, resting, or
sitting on a chair can be seen as actions in harmony with the actions of people other
than one’s self or party, and these actions can be seen as conformity without conscious
intention. On the other hand, the action of leaning against the wall and taking pictures
can be seen as compliance or cooperative team activity due to resonance with one’s
party (Fig. 3).

3.3 In-Group Bias

It may seem natural for people to sit down on a chair. However, there are no peculiar
behaviors such as lying on a chair, climbing on a chair, or holding a chair when a large
number of people are sitting. Humans have a desire to be part of a community. In
addition, there is a tendency to be advantageous to the group to which one belongs and
there is a “group bias” identification, which translates to not wanting to leave one’s
group by doing something unusual. Therefore, by acting the same as the majority, one
will feel supported by a close relationship since one belongs to the same group,
consciously or not (Fig. 4).

Fig. 3. Examples of human social behaviors related to behavioral conformity in atypical
buildings.
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3.4 Behavior Setting

Although individual behaviors are shaped by the groups they belong to, the role of the
environment is also emphasized by assuming that the groups are shaped by the cir-
cumstances in which they live. Individuals and the groups to which they belong exist
within the physical environment in which they are located, and those places eventually
affect the dynamics and outcomes of the group. The environment is also a physical
space that allows one to act according to the needs of the situation, that is, a behavioral
setting. Fast-food restaurant orders, hospital waiting rooms, university computer labs,
company conference rooms, and park benches are all applicable settings. The reason is
that people’s behavior in these spaces is influenced more by the characteristics of the
space than by their personal characteristics. Ecological psychologist Roger Barker
concluded that most actions (at least regular and routine) are determined by the
environment in which they occur. The behavioral situations unfold in a specific space
where group members interact. Barker used the term synomorphy to describe the
correspondence between people and situations. High synomorphy allows people to
adapt well to the physical environment and to properly utilize the components of the
environment. Therefore, the physical environment of stairs or chairs shows a high
degree of conformity with the behaviors of walking or sitting down (Fig. 5).

Fig. 4. Examples of human social behaviors related to in-group bias in atypical buildings.

Fig. 5. Examples of human social behaviors related to behavior setting in-group bias in atypical
building.
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4 Conclusion and Discussion

This is a basic study for the development of a user behavior simulation system for the
atypical building design process. In this paper, the causes of social user behaviors in
atypical buildings were identified psychologically. Through future research, the con-
tents of this study will be computerized and applied to the simulation system
(ActoViz).
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Abstract. Several first-person lifelog videos are lengthy in duration, and often
include scenes that are not useful. This can be problematic for users as it requires
a considerable amount of time to watch such a video. Therefore, in this study,
we propose an automatic video summarization system for first-person-view
videos by employing gaze tracking and object detection, based on human gaze
time on an object. Because gaze is useful for capturing a user’s intention and
interest, our approach summarily captures their interest and conscious focal
points while watching videos. As a result of the experiment, the evaluation value
of the summary video generated by the proposed system exceeded that of the
summary video in which important scenes are randomly extracted. From these
results, it can be said that our system is useful for rapidly watching videos, and
summarizing them to reflect user interest. Our system is applicable in many
fields, including behavior recognition, visual diary creation, and support for
patients having memory impairment.

Keywords: Video summarization � Gaze tracking � Object detection

1 Introduction

First-person-view video is a method of creating video records of daily life, sporting
events, etc. It has become widespread as wearable cameras have become smaller,
cheaper, and hands-free, thereby enabling a user to record their natural actions.
Unfortunately, several first-person lifelog videos are lengthy in duration, and often
include scenes that are not useful to viewers. This can be problematic for users as it
requires a considerable amount of time to watch such a video. Several studies have
been conducted with a focus on video summarization. For example, Higuchi et al. [1]
summarized first-person-view video based on four cues that corresponded to the basic
user actions of body movement, stillness, hand movement, and human interaction. The
user set the importance of the four cues, and the scenes having high importance were
reflected in the video after summarization. The contents of the input video were not
considered, because the cues were limited to four. Our system can consider the contents
of the input video which is different from previous work. In this study, we propose an
automatic video summarization system for lengthy first-person-view-videos by
employing gaze tracking and object detection. Because gaze tracking is useful for
capturing a user’s intention and interest, our approach reflects the interest areas and
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conscious focal points while watching a video by summarizing the video with a focus
on the abovementioned information.

2 System Overview

Our system extracts a user’s gazing point using a gaze tracking device, and object area
using object detection function. For handling potential object detection failures, our
system performs frame interpolation, i.e., it applies detection information into the
preceding frame. Our system compares the distances of each object area between
different frames to obtain the time-series information of each object. The object having
the smallest Euclidean distance between the current and preceding frames is regarded
as the same object. The object gaze time is then calculated based on the object area and
the gazing point. When the gazing point is within the detected object area, count the
object gaze time. If the gaze time for an arbitrary object exceeds the predefined
threshold, the scene is considered important. In the generated summary video,
important scenes are played back at normal speed, and others are played back at high
speed.

3 Calculation of Object Gaze Time

3.1 Gazing-Point Extraction

Our system extracts a user’s gazing point using a gaze-tracking device. The data
obtained from the device include noise. Therefore, our system smooths the data. Manu
et al. [2] presented a method of smoothing gaze data by employing a weighted average.
On the basis of that method, if the gazing point in the nth frame is defined as Pn, the
gazing point in the current frame, Pfixation, is given by Eq. (1).

Pfixation ¼ 1P0 þ 2P1 þ . . .þ nPn�1ð Þ
1þ 2þ . . .þ nð Þ ð1Þ

3.2 Object-Area Extraction

Our system extracts the object area using YOLO v2 [3], an object detection algorithm
that employs a convolutional neural network. Our system compares the distances
between each object area of the current and preceding frames to obtain the time-series
information of each object. If the upper-left and lower-right x and y coordinates of the
object area are defined as xlt, ylt, xrb, and yrb, then the Euclidean distance between the
object areas, P and Q, is given by Eq. (2).

d P;Qð Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
xltp � xltq
� �2 þ yltp � yltq

� �2 þ xrbp � xrbq
� �2 þ yrbp � yrbq

� �2q
ð2Þ
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An object having the smallest Euclidean distance between the current and pre-
ceding frames is regarded as the same object. The output result is shown in Fig. 1.

3.3 Object-Gazing-Time Calculation

The object gaze time is calculated based on the object area and the gazing point. When
the gazing point is within the detected object area, count the object gaze time. If the
upper-left and lower-right x and y coordinates of the object area are defined as xlt, ylt,
xrb, and yrb, the x and y coordinates of the object area are defined as gazeX and gazeY,
respectively. The conditional expression for adding the object gaze time is given by
Eq. 3.

xlt� gazeX � xrb

ylt� gazeY � yrb

�
ð3Þ

4 Summary-Video Generation

4.1 Important-Scene Extraction

Our system determines the importance of scenes based on the object gaze time. If the
gaze time for an arbitrary object exceeds a predefined threshold, the scene is considered
to be important. The user can adjust the length of the summary video by changing the
predefined threshold.

4.2 Generation of Summary Video Based on Importance of the Scenes

Based on scene importance, the first-person-view video is divided into important and
non-important segments. The frame rate of important scenes is set to normal speed, and

Fig. 1. Each object area is assigned a number that identifies the same object

Automatic Summarization Method for First-Person-View Video 41



that of the non-important scenes is set to high speed. Subsequently, our system com-
bines them.

5 Evaluation Experiment

5.1 Experimental Method

The subjects included six males and three females. They recorded a 1-h-long first-
person-view video using a wearable camera and our system summarized those videos.
The subjects watched both the summary video generated by the proposed system and a
different summary video in which important scenes were randomly extracted. Ques-
tionnaires that used a 5-point Likert scale were then provided to the subjects. The
questionnaire content is shown in Fig. 2. We also provided a free-text section for
addressing the advantages and disadvantages of our system.

5.2 Result

Figure 3 shows the results of the questionnaire. Figure 4 shows the average and
standard deviation of the questionnaire results. The standard deviations were calculated
to two significant figures.

All summary videos were less than one-third the length of the input video. A high
evaluation was obtained in Question 2. The evaluation value of Question 3 exceeded
that of Question 4 and considerable difference was confirmed at a significance level of
less than 5%. From these results, it was found that our system accurately reflects user
interests and their conscious focal points. The evaluation value of Question 1 was low.
Since the frame rate of the summary video created by our system is not fixed, it is
possible that the user was stressed while watching the video. These problems can be
solved by excluding non-important scenes and reflecting only important scenes in the
video after summarization.

Questionnaire content

Question 1 Did you feel tired while watching the summary video?

Question 2 Is this system useful for high-speed viewing of videos?

Question 3 Is the interest reflected in the video after the summary?
(The summary video generated by the proposed system)

Question 4 Is the interest reflected in the video after the summary
(The summary video in which important scenes are randomly extracted)

Fig. 2. Questionnaire contents
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6 Concluding Remarks

We proposed an automatic summarization system for first-person-view videos based on
object gaze time. From the results of an evaluation experiment, we observed that our
system is useful for rapidly watching videos, and summarizing them to accurately
reflect user interests. A user opinion was provided in the free-text area that stated, “the
scene when I was losing interest was regarded as an important scene and it was
reflected in the summary video.” Because this system sets important scenes based on
the object gaze time, it is not possible to consider the user’s mental state. We believe
that these problems can be resolved by employing information regarding a user’s pupil
diameter as there is a correlation between pupil diameter and wakefulness. Thus, our
proposed system will be able to accurately reflect mental information by considering
the change in pupil diameter. To achieve this, the challenge will be to find the threshold
of the amount of change in the pupil diameter during a scene for which the user has a
high degree of interest.
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Fig. 3. Questionnaire results

Average Standard deviation
Question 1 2.4 0.83
Question 2 4.0 0.94
Question 3 3.7 0.81
Question 4 2.2 0.92

Fig. 4. Average and standard deviation of questionnaire results
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Abstract. Version control system is a repository of a source code that provides
support in all stages of a software development lifecycle. Success of a version
control system is affected by its acceptance by end-users. This paper deals with
the adoption of the distributed version control system. With an aim to determine
antecedents of satisfaction with as well as behavioral intention related to the
reuse of the version control system, we proposed a research model composed of
constructs that originate from several theories and models including technology
acceptance model, theory of reasoned action, and expectation-confirmation
theory. An empirical study was then carried out and was composed of two parts.
First, study participants had to complete scenario-based interaction with GitHub
as a representative sample of distributed version control systems. As a follow
up, study respondents had to fill out the post-use questionnaire. Students from
two higher education institutions were included in the study as a representative
sample of users. The psychometric features of the research model were exam-
ined by means of the partial least squares structural equation modelling method.
Study findings uncovered implications for both researchers and practitioners.

Keywords: Version control system � GitHub � Technology acceptance model �
Theory of reasoned action � Expectation-confirmation theory � PLS-SEM

1 Introduction

Version control systems are applications that are nowadays commonly used in every
form of agile software development. Collaborative work on the same project, simplified
tracking of changes on snippets of code, repository of all relevant constituent pieces of
software being developed, backup that enables restoring all project files to prior or last
well working version if something goes wrong with the current one, are just some of
many advantages of version control systems. We distinguish centralized version control
system that represents only one repository or server containing entire history of ver-
sions and different branches of the code and distributed version control system where
every single developer or client has their own copy of the history or versions of the
code and all of its branches in their local server.
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By connecting more than 50 million of developers and almost 3 million of busi-
nesses and organization, GitHub is the most popular distributed repository of software
artifacts. Apart from being software development platform, GitHub can be also used for
educational purposes in terms of hosting course content and student assignments with
an objective to monitor their activity on and contribution to projects that are part of
software engineering courses. Students who are using GitHub have better learning
outcomes, are more prepared for their future career, and have more positive classroom
experience [1]. On the other hand, the employment of GitHub in classrooms has its
challenges such as students’ unfamiliarity with Git and GitHub features, notification
overload, and students’ unwillingness to share their work publicly [2]. Despite growing
presence of version control systems in educational ecosystem, the body of knowledge
is lacking studies focused on determining factors that affect students’ satisfaction with
version control systems and intention to reuse them. With an objective to fill that void,
we initiated an empirical study on the adoption in which GitHub was used as a
representative of distributed version control system whereas computer science students
constituted representative sample of users.

The remainder of the paper is structured as follows. Research model and
hypotheses are proposed in the second section. Empirical study findings are reported
and discussed in the third section. Conclusions, limitations, and future work directions
are provided in the last section.

2 Research Model and Hypotheses

The research model represents an interplay of seven factors where two of them (con-
firmation and satisfaction) were adopted from the expectation-confirmation theory [3],
three of them (attitude towards use, social influence, and intention to reuse) were
adopted from the theory of reasoned action [4], and two of them (perceived ease of use
and perceived usefulness) were adopted from the technology acceptance model [5].

Confirmation refers to the extent to which version control system has met users’
expectations. Satisfaction denotes the degree to which users are pleased with the use of
version control system. Attitude towards use indicates the level to which users have a
positive perception about the use of version control system. Social influence refers to
the extent to which persons which opinion users appreciate think they should use
version control system. Intention to reuse denotes the degree to which users are willing
to continue to use version control system. Perceived ease of use represents the level to
which interaction with version control system is free of effort. Perceived usefulness
indicates the degree to which use of a version control system enhances users’ per-
formance in completing assignments related to software development. Drawing on the
relations among factors in the aforementioned theories and model, we are proposing
following hypotheses:

H1. Perceived usefulness is positively influenced by perceived ease of use.
H2. Confirmation is positively influenced by perceived usefulness.
H3a. Attitude towards use is positively influenced by perceived usefulness.
H3b. Attitude towards use is positively influenced by perceived ease of use.
H4a. Satisfaction is positively influenced by confirmation.
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H4b. Satisfaction is positively influenced by perceived usefulness.
H5a. Intention to reuse is positively influenced by satisfaction.
H5b. Intention to reuse is positively influenced by attitude towards use.
H5c. Intention to reuse is positively influenced by social influence.

3 Findings

To develop, examine and assess the research model, Partial Least Squares Structural
Equation Modeling (PLS-SEM) was employed using the SmartPLS 3.3.2 [6] software
package. The analysis procedure includes two steps. First, we assess the validity,
reliability and overall quality of the measurement model. After we obtain a valid and
reliable measurement model, we proceed to the assessment of the structural model.

To assess the measurement model, Hair et al. [7] suggest the calculation of the
following model criteria: indicator reliability (squared standardized outer loadings),
convergent validity (average variance extracted - AVE), internal consistency reliability
(composite reliability), and discriminant validity (including cross-loadings, the Fornell-
Larcker criterion, and the recently introduced heterotrait-monotrait - HTMT ratio of
correlations). Confirmatory composite analysis (CCA) was used to establish the reli-
ability of the measurement model items and to test the convergent validity of the
proposed constructs [8]. The convergent validity was obtained as the item loadings for
each construct were above 0.708 [7]. This means that the average variance extracted –

AVE is higher than recommended 0.5, thus we confirm the convergent validity of the
proposed constructs. Eight items that have not met the requirements were removed
from the measurement model. To explore the internal consistency of the constructs, two
indicators were calculated for each construct. First, Cronbach’s alpha (CA) in range
between 0.868 to 0.919, and second, composite reliability (CR) in range between 0.919
to 0.939 shows that the requirement related to the internal consistency of the constructs
was met.

In the next step, we tested the discriminant validity by comparing the AVE of each
construct with its squared correlations with other constructs in the model [7]. The
comparison results (shown in Table 1) indicate that each construct accounts for more
variance in its associated indicator variables than it shares with any other construct in
the model.

As a relatively new test for discriminant validity of the constructs, Hair et al. [7]
proposed the inclusion of the HTMT ratio of correlations. They indicate that a
threshold of 0.85 should not be met. The results of our assessment (in Table 2) shows
that this criterion is achieved, thus we can conclude that the discriminant validity of the
seven constructs was met. Slight caution should be taken regarding the relationship
between confirmation and satisfaction, even though the HTMT ratio of correlations
indicates that severe problems weren’t detected using the HTMT method.
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The assessment of the structural model is the next step after we established a
reliable and valid measurement model. We examined the structural model by
employing the PLS analysis, gathered the relevant information about the beta coeffi-
cients, tested for the significance of the relationship between constructs through the
Bootstrap procedure (with 5000 samples) and extracted the p values for the proposed
hypotheses (the results are shown in Fig. 1). The structural model shows a significant
positive relationship between all constructs, except for the relationship between per-
ceived usefulness and satisfaction. Therefore, we conclude that all hypotheses are
supported, except the H4b hypothesis.

By analyzing the direct, indirect and total effects, it is evident that the strongest
relationship is the one between confirmation and satisfaction (b = 0.707, p < 0.001),
followed by the relationship between perceived usefulness and confirmation
(b = 0.516, p < 0.001) and the relationship between perceived usefulness and attitude
towards use (b = 0.453, p < 0.001). Moderate significant relationships are detected as
follows: between ease of use and perceived usefulness (b = 0.370, p < 0.001), between
ease of use and attitudes towards use (b = 0.291, p < 0.001), between satisfaction and
intention to reuse (b = 0.350, p < 0.001), and between attitude towards use and
intention to reuse (b = 0.349, p < 0.001). A weak and marginally significant positive

Table 1. Measurement model assessment and discriminant validity of the constructs

ATU CNF EOU BI SAT SI PU
Cronbach’s Alpha 0.903 0.868 0.919 0.912 1.000 0.903 0.905
Composite Reliability 0.932 0.919 0.939 0.938 1.000 0.939 0.929
AVE 0.775 0.790 0.756 0.791 1.000 0.837 0.724
Attitude towards use (ATU) 0.880
Confirmation (CNF) 0.531 0.889
Ease of use (EOU) 0.459 0.626 0.869
Intention to reuse (BI) 0.568 0.637 0.445 0.889
Satisfaction (SAT) 0.460 0.756 0.609 0.560 1.000
Social influence (SI) 0.380 0.369 0.337 0.400 0.330 0.915
Perceived usefulness (PU) 0.561 0.516 0.370 0.490 0.461 0.381 0.851
* square root of AVE on diagonal

Table 2. Heterotrait-Monotrait Ratio (HTMT)

ATU CNF EOU BI SAT SI PU
Attitude towards use (ATU) 1
Confirmation (CNF) 0.595 1
Ease of use (EOU) 0.499 0.697 1
Intention to reuse (BI) 0.623 0.712 0.487 1
Satisfaction (SAT) 0.480 0.809 0.635 0.587 1
Social influence (SI) 0.420 0.415 0.368 0.439 0.347 1
Perceived usefulness (PU) 0.608 0.575 0.400 0.536 0.478 0.423 1
* all values are below threshold of 0.85
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relationship is detected between social influence and intention to reuse (b = 0.151,
p < 0.05). The model explains the variance in the constructs as follows: intention to
reuse (45.5%), satisfaction (57.9%), attitude towards use (38.7%), confirmation
(26.6%) and perceived usefulness (13.7%).

The effect size f2 coefficients calculated for the relationships between constructs
show strong effect size coefficients between confirmation and satisfaction (f2 = 0.870),
and moderate effect size between usefulness and confirmation (f2 = 0.362), between
usefulness and attitude towards use (f2 = 0.289), between satisfaction and intention to
reuse (f2 = 0.170), between attitude towards use and intention to reuse (f2 = 0.163),
and between ease of use and usefulness (f2 = 0.159). According to the provided
guidelines [7], we can conclude that all other effect size coefficients can be interpreted
as weak.

4 Conclusion

The objective of this paper was to determine the antecedents of satisfaction with and
intention to reuse version control system. For that purpose, an empirical study was
conducted in which students served as a representative users of GitHub, the most
commonly employed version control system. The analysis of the proposed research
model revealed that confirmation of expectations strongly contributes to users’ satis-
faction with the version control system. We also found that the extent to which users
perceive version control system as beneficial has medium in size impact on confir-
mation of their expectations as well as on attitude towards using that system. The same

Fig. 1. Research model and PLS results
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effect appeared to have satisfaction with and attitude toward use of version control
system on intention to reuse this system as well as the extent to which the interaction
with version control system is effortless on its usefulness as perceived by users. It was
also discovered that perceived ease of use has weak impact on attitude towards use of
version control system. The same holds for the effect of social influence on intention to
reuse version control system. On the other hand, the analysis of the research model
uncovered that perceived usefulness does not contribute significantly to the satisfaction
when version control systems are considered. Findings reported in this paper can be
beneficial to researchers that can employ them as a backbone for future advances in the
field as well as for practitioners that can take them into account as guidelines when
evaluating existing and designing new version control systems or enhancing them with
novel features.

As is the case with other empirical studies, this one also has limitations. The first
one is related to the homogeneity of study participants. Although students proved to be
representative consumers of version control systems since students employ them when
working on their software engineering projects, heterogeneous sample of users could
have provided importantly different responses. The second one concerns the general-
izability of reported findings. Although version control systems have a lot of features in
common, they are often implemented in a different manner. Therefore, reported find-
ings should be interpreted in the context of distributed version control systems in
general and GitHub in particular. In our future work, we are planning to examine the
robustness of findings presented in this paper and extend the proposed research
framework with adoption determinants that reflect the peculiarities of version control
systems.
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Abstract. Gait analysis consists of evaluating the individual through kinematic
analysis, while walking along a surface. Kinematic analysis relates the relative
movement between rigid bodies and finds applications in gait analysis. The
purpose of this paper is to find the applications of gait analysis, the method-
ologies used to perform it and conclude about the different methodologies’ uses.
A literature search was performed using PRISMA Guidelines. Twenty-two
documents fulfilled the inclusion criteria. A total of 15 different countries pre-
sented researches in this topic. The areas within which these papers are pub-
lished include Sports Medicine (7), Pediatric Medicine (1), General Medicine
(11), Occupational Medicine (1), Engineering (2). Gait analysis has many dif-
ferent areas of intervention. Some gait parameters are interrelated and there are a
few different methodologies available to perform gait analysis. A comprehensive
table of results has been developed, where results are presented.

Keywords: Gait analysis � Biomechanics � Kinematic analysis

1 Introduction

Walking is essential for the performance of human tasks and presents itself as a stable
movement that can suffer changes as a result of internal or external constraints mostly
health constraints.

The biomechanics associated with the human body, specifically in the case of the
foot, is an area focused on the perception and understanding of the forces acting on the
human body and its respective behavior. The analysis and characterization of the foot is
important since it allows the assessment of gait movements and the negative influence
of differentiating factors of the foot on normal gait mechanics and on the behavior of
the ankle, knee, hip and back [25]. Adequate biomechanics of the foot allows to
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maintain a correct posture and naturally a symmetrical distribution of plantar pressure
[24]. The walking cycle is divided into two main phases: the support phase and the
swing phase. During gait, one foot attends as a support while the other moves to a
support position later on with a successive reversal of roles between them. A complete
walking cycle goes from the moment that the first foot touches the ground until the
moment that the same foot touches the ground again [23].

Gait analysis consists of evaluating the individual through kinematic analysis, while
walking along a surface allowing the withdrawal and learning that can be useful in the
treatment of pathologies and in the design and idealization of spaces and objects.
Kinematic analysis is related to the relative movement between rigid bodies and finds
application in gait analysis. In order to analyze the behavior of the human being in sit-
uations of static support - when the individual is standing - or dynamic support - when the
individual is in movement – some different techniques and systems were used.

This research was aimed at understanding which analysis systems exist and the type
of result already registered after these.

2 Methods

The authors resorted to the Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) Guidelines as a methodological template for this review.

Literature searches were conducted between 4th–7th of March 2020 using the ISI Web
of Science and Scopus databases. The inclusion criteria were the papers published in
Portuguese, Spanish or English language. The following search terms were used in
different combinations on both data bases and combined using Boolean operators
“AND”, “OR” and “*” to allow for words with the same root, including “Gait”,
“Analysis”, “Assess*”, “Eval*”, “work*”, “occupation*”, “sport*” and “athlete”.
Other papers were affected to this review by snowball effect. All duplicates were
excluded. Additionally, based on the three-phased search, other papers were excluded
according to the titles, abstracts and full-texts which revealed subjects out of the scope
of interest for this paper.

3 Results and Discussion

Twenty-two articles were included in the final analysis (Table 1).

Table 1. General characterization of the studies

Citation Ref. Area of application

Sadeghisani et al., 2018 [1] Sports medicine
Oldham et al., 2016 [2] Sports medicine
Hadizadeh et al., 2016 [3] Sports medicine
Hortobágyi et al., 2015 [4] Geriatric medicine
Cippitell et al., 2014 [5] General medicine

(continued)
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A range of years was not defined in the search, which allowed to verify that the first
paper devoted to gait analysis was published was in 1984 and the author is unknown.
Then, in the course of the time, the number of studies and the interest increased leading
to largest amount of articles in 2017 and 2018 (Fig. 1).

It is also noteworthy that between years 1996 and 2001 and between years 2002
and 2008 there are no records in the databases consulted of any papers being published
in this scientific niche.

Table 1. (continued)

Citation Ref. Area of application

Thakurta et al., 2015 [6] Occupational medicine
Lee et al., 2012 [7] Sports medicine
Gouwanda and Senanayake, 2008 [8] Sports medicine
Aissaoui et al., 1996 [9] General medicine
LAPHAM and Bartlett, 1995 [10] Sports medicine
Satoh et al., 2019 [11] General medicine
Carse et al., 2013 [12] General medicine
Carson et al., 2001 [13] General medicine
Dombroski et al., 2014 [14] General medicine
Kostuj et al., 2018 [15] General medicine
Nandikolla et al., 2018 [16] General medicine
Ould-Slimane et al., 2017 [17] General medicine
Pfister et al., 2014 [18] Engineering
Piening et al., 2018 [19] Pediatric medicine
Wright et al., 2010 [20] General medicine
Yu et al., 2019 [21] Sports medicine
Zhang et al., 2017 [22] Engineering
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Fig. 1. Number of studies per year.
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A total of 15 different countries presented researches in this topic, being the USA
the one with the highest number of papers published in this niche of research (4),
followed by the United Kingdom (3), as seen in Fig. 2. Number of participations in the
studies by each Country. Europe is the one continent with more records (13).

The scientific areas within which these papers are published include Sports Med-
icine (7), Pediatric Medicine (1), General Medicine (11), Occupational Medicine (1),
Engineering (2), showing that General medicine and Sports Medicine are the ones more
advanced in this theme (Fig. 5). This shows that gait analysis has a very wide appli-
cation range despite the bigger impact on sports and general medicine. Considering the
number of subjects involved in the experiments, the largest amount got found in
Hortobágyi et al. (2015) with 2495 people. If looking to sample size intervals, in the
final list selection, 8 studies have from 0 to 10 participants, 11 studies have from 10 to
100, 2 studies from 100 to 1000 and just one have more than 1000 participants.

Looking into the documents in the scientific area “Engineering”, two conclusions
can be made: correlation between Kinect and Vicon stride timing was high and error
was small [18]. Yet, in this area results show that unstable shoes with unstable
structural elements leading to instability on foot motions and the difference mainly
appeared in sagittal and frontal plane [22]. Regarding to “General Medicine”, research
found that elderly participants had less speed, stride, foot joint movement, moment and
power than the young participants. Also, the ratio of joint moment was smaller in the
elderly participants [17]. Studies also demonstrated a small increase in arch high index
with the 3D printing orthotic compared to the shod condition [14]. Results show that
the Oxford Foot Model is overall reliable during adult gait and is higher than previ-
ously reported in children. When referencing joint angles to neutral stance decreased
error by up to 28 from previous reports [20]. In “Occupational Medicine” papers, it can
be observed that women’s gait is characterized by greater changes than men [6]. On
what concerns to “Geriatric Medicine”, studies proved that used exercise can increase
the habitual and fast gait speed of healthy old adults in substantial and clinically
meaningful ways [4]. When one refers to “Pediatric Medicine”, significant relationships
between kinematics of Oxford Foot Model and pressure distribution parameters of
plantar pressure measurement (PMD) indicate that PMD could give useful supple-
mentary information during a 2D-gait analysis when 3D gait analysis is not obtainable
[19]. Concerning to “Sports Medicine”, martial arts athletes with low back pain apply
symmetrical loads on the lower extremities, similar to healthy people [1]. As well

Fig. 2. Number of participations in the studies by each Country.
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results indicate that gait velocity and range of motion of the center of mass in the
coronal plane are sensitive measures of dual-task related changes in concussed patients
and should be considered as part of a comprehensive assessment for a sports-related
concussion [7].

Researchers focused in this area of research are convinced that there is a clear
indication that the research and development of the body-mounted sensor will continue
and replace the current technologies in the future [8].

4 Conclusion

Gait analysis has many different areas of intervention with a higher incidence in Sports
and in General Medicine. Results show that interest in this theme has been increasing
among researchers in the last few years. Some gait parameters are interrelated and there
are a few different methodologies available to perform gait analysis, including force
plates and motion analysis systems.
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Abstract. Web-based coding tools are widely accepted in computer science
education. The use of these tools allows us to improve learning, but the
requirement is to understand the factors that affect their acceptance. Carefully
selecting technology that best suits the needs of the task will allow the optimal
use of these tools in education. The purpose of this study is to develop a model
that incorporates constructs of the Task-technology fit (TTF) model and the
Expectation-confirmation model of IT continuance (ECM) to better understand
the impact of the tool’s suitability on the user’s behavioral intention. The
analysis was performed using the partial least squares approach to structural
equation modeling. The results show a significant impact of task-technology fit
factor on student satisfaction and their continuance intention. Consequently, this
demonstrates that the proposed model is appropriate for understanding the
acceptance of web-based programming tools in an educational context.

Keywords: Web-based coding tool � Task–technology fit model � Expectation-
confirmation model of IT continuance � Introductory programming course �
Empirical study � Post-use questionnaire � PLS-SEM

1 Introduction

Web-based coding tools are playing an important role in computer science education.
Their importance is further enhanced by the increasing popularity of distance learning
and Massive Open Online Courses. These tools offer many advantages over their
desktop alternatives (presence on various platforms, availability anywhere and anytime,
needlessness for installation and maintenance, suitability for face-to-face and online
teaching, and support for collaborative learning), although they have some disadvan-
tages as well. Web-based technology offers opportunities for students to improve their
learning, but it is necessary to identify the most effective methods of utilizing those tools
in order to improve teaching and learning productivity [1]. Many studies have been
conducted to investigate that problem and numerous models have been developed to
describe and explain the process of tool adoption and choosing the right tool to solve a
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task. Goodhue and Thompson proposed a task-technology fit model and established the
linkage between information systems and individual performance [2]. In that model,
match between the capabilities of the technology to the demands of the task is expressed
by the formal construct known as a task–technology fit (TTF). In the TTF model, task–
technology fit is a function of task and technology characteristics. Numerous studies
(e.g. [3, 4]) have confirmed that TTF has an influence on user performance as predicted
by the TTF model. In the educational context, task–technology fit refers to a learning
system’s capability to support users in performing their learning tasks. However, while
the TTF model integrates technology and task characteristics and connects them through
the use of technology with user performance, it does not contain any other factors that
may influence technology use. Factors influencing the use of technology are explored by
theories of technology acceptance. It has been studied over the years and many models
have been developed to describe technology acceptance. Bhattacherjee [5] introduced
the unified model of IT continuance in which user’s intention to continue using infor-
mation systems is determined by the confirmation of perceived usefulness, satisfaction
with technology, and subjective norm. This model was used as a background for further
research dedicated to the acceptance of IT technology by users. Numerous studies
confirmed the model in different contexts (e.g. [6, 7]). Also, the model has been vali-
dated and expanded in an educational context. Yang [8] analyzed quality factors that
influence the continuance intention in the educational ecosystem. Boe [9] integrated IT
continuance theory and agency theory (PAT) in higher education settings. Basnet et al.
[10] explored students’ continuance intention of the automated assessment system in
computer science education. Haung [11] identified the importance of hedonic and
utilitarian aspects in students’ continuance intention toward programming games.
Thongmak [12] examined the influence of satisfaction on continued engagement
intention in the context of gamifying programming course. Orehovački and Babić [13]
examined to what extent pragmatic and hedonic facets of quality affect users’ contin-
uance intentions with respect to games designed for learning programming. Current
studies (e.g. [14]) have found that task–technology fit plays an important role in
explaining users’ e-learning continuance intentions. All of the above justifies the use of
the IT continuance model in the context of learning programming and its extension with
elements of the task-technology fit model. In this paper, we synthesized factors from the
TTF model and the expectation-confirmation model of IS continuance to examine the
impact of task-technology fit on student acceptance of web-based programming tool and
role of satisfaction in that transition. The remainder of the paper is structured as follows.
Research model and hypotheses are explained in next section. Research methodology is
described in the third section. Findings are reported in the fourth section. Conclusions
are drawn in the last section.

2 Research Model and Hypotheses

The proposed research model consists of three constructs adopted from the task-
technology fit model: task characteristics, technology characteristics, and task-
technology fit. Task characteristics refers to the particularities of a task that can be
executed using a web-based coding tool. Technology characteristics denotes the
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features of a web-based coding tool that may affect its utilization by users. Task-
technology fit is the degree to which a web-based programming tool assists students in
completing problem-based tasks. Remaining two constructs (satisfaction and continu-
ance intention) were adopted from the expectation-confirmation model of IS continu-
ance. Satisfaction measures the extent to which students are pleased with the use of a
web-based programming tool. Continuance intention refers to the degree to which
students are willing to remain users of a web-based programming tool and recommend
it to their peers. This study proposes that the adoption of a web-based coding tool will
depend on how students perceive the fit of this technology to the problem-based tasks
they are trying so solve by its means. The mentioned fit will also affect users’ satis-
faction with the tool, which will in turn contribute to their intention to use the tool. In
accordance with the aforementioned, we propose the following five hypotheses:

H1: Task characteristics have a significant positive effect on task–technology fit.
H2: Technology characteristics have a significant positive effect on task–technol-

ogy fit.
H3: Task–technology fit has a significant positive effect on continuance intention.
H4: Task–technology fit has a significant positive effect on satisfaction.
H5: Satisfaction has a significant positive effect on continuance intention.

3 Methodology

Empirical study was conducted as part of an ongoing project exploring the suitability of
various educational tools for acquiring programming skills and their adoption by stu-
dents. To date, we proposed a taxonomy of tools designed for learning programming
[15], identified criteria for selecting the most appropriate tool in that respect [16], and
introduced a model in which TAM model was tailored to the context of our research
[17]. In this paper, we examined the adoption of a web-based programming tool within
an introductory programming course. The sample was composed of undergraduate
students enrolled in the Faculty of Informatics and Department of Computer Science of
the Juraj Dobrila University of Pula in Croatia. Data were collected using a post-use
questionnaire after lab sessions in which students used a web-based programming tool.
In the introductory part of the questionnaire, basic demographic data on respondents
(gender and age) were collected and the rest of the questionnaire consisted of 17 five-
point Likert scale items. These items were adopted from the same literature as their
underlying constructs and tailored to the context of our research. The Repl.it tool was
used as a representative sample of a web-based programming learning tool. This tool
allowed students to work together on the same code, share code and work individually.
Students could interact with each other while coding by using the chat feature. At the
beginning of the session, features of the tool were briefly presented to students. The lab
session included an introduction of a programming problem, a presentation of several
solved problems, and a group analysis of the code. Students were also asked to use the
aforementioned tool to independently solve several programming problems. The post-
use questionnaire was created and distributed to study participants by means of Google
Forms. The research model was analyzed with SmartPLS 2.0 M3 tool [18].
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4 Findings

A total of 56 students participated in the study. The majority of them (73.2%) were
male. At the time study took place, half of the respondents were 19 years old, 19.6%
were 20 years of age, 14.3% were 21 years old while remaining 16.07% had between
22 and 25 years of age. The analysis of the research framework followed guidelines
suggested by Hair et al. [19] and included the assessment of the measurement and the
structural model. First, the outer loadings for all latent variables were examined. All
indicators met the criterion according to which their outer loadings should be 0.708 or
higher which indicates that latent variables are explaining at least 50% of the variance of
each indicator assigned to them. Internal consistency reliability was tested using com-
posite reliability (CR) and Cronbach’s alpha (CA). The values for both indicators in the
context of all latent variables have exceeded the acceptable threshold of reliability
(0.707). Therefore, the internal consistency reliability of items was confirmed. Values of
AVE for constructs were in a range from 0.6211 to 0.8427 which is above the cut-off
value of 0.50 indicating a satisfactory convergent validity. We tested discriminant
validity by extracting the indicator’s outer loadings on a construct and its cross-loadings
with other constructs. Results indicated that all items’ loadings on their respective
constructs were above the threshold of 0.707 [20]. Furthermore, each item’s factor
loading on its respective construct was higher than on any other latent variable in the
model. In that respect, this criterion of discriminant validity was met. Discriminant
validity was further examined by comparing the square root of the AVE of particular
latent variable with the correlation coefficients between this latent variable and
remaining ones in the model. Considering the square root of AVE for all latent con-
structs was superior to the correlation coefficients, we concluded that the Fornell-
Larcker criterion of discriminant validity [19] was achieved. Assessment of structural
model included the evaluation of latent variables’ determination coefficient values, the
significance of the path coefficients, the effect size, and predictive relevance [19]. The
values of determination coefficient for all dependent variables are above 0.5. Two
exogenous variables (task characteristics and technology characteristics) explain 53.2%
of variance in task-technology fit which in turn explains 63.9% of variance in satis-
faction while 74.3% of the variance in continuance intention is explained by task–
technology fit and satisfaction. In order to test the hypotheses, we conducted a boot-
strapping analysis with 5000 samples. The strongest relationship was found between
task–technology fit and satisfaction (b = 0.7991, p < 0.001) which was followed by the
relationship between task–technology fit and continuance intention (b = 0.5588,
p < 0.001) and the relationship between technology characteristics and task–technology
fit (b = 0.4797, p < 0.001). On the other hand, relationships between task characteris-
tics and task–technology fit (b = 0.3377, p < 0.01) and between satisfaction and con-
tinuance intention (b = 0.3472, p < 0.05) proved to be weaker. Since all paths in the
structural model were statistically significant, all proposed hypotheses were confirmed.
Values of effect size and predictive relevance of exogenous variables were interpreted in
accordance with guidance proposed in [19]. We found that task–technology fit strongly
affects continuance intention (f2 = 0.43). On the other hand, the effect of satisfaction on
continuance intention (f2 = 0.15), task characteristics on task–technology fit (f2 = 0.16)
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and technology characteristics on task–technology fit (f2 = 0.32) proved to be moderate
in size. The analysis of the research model also revealed that technology characteristics
has moderate relevance in predicting task–technology fit (q2 = 0.15). The same holds
for task–technology fit in predicting continuance intention (q2 = 0.16). All remaining
exogenous latent variables have weak relevance in predicting endogenous latent
variables.

5 Conclusion

The aim of this paper was to combine factors from expectation-confirmation model
with those of task technology fit model in order to understand to what extent features of
a web-based programming tool and particularities of task that can be carried out by its
means contribute to behavioral intentions related to the reuse of this tool. Findings
presented in this paper are in line with those in current literature since they confirmed
positive effects between constructs adopted from the aforementioned two models. More
specifically, we found that in the context of the web-based programming tool adoption,
degree to which a tool assists students in completing problem-based tasks has a sig-
nificant positive effect on extent to which students are pleased with the use of that tool.
We also found that technology fit has a medium-sized impact on students’ willingness
to remain users of the tool and to recommend it to their peers. This study has several
limitations. It is based on the use of only one tool, and the sample was composed of
students from a single university. Therefore, future studies with more participants from
different institutions should follow proposed research direction in order to provide more
insights into robustness of presented findings.
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Abstract. The COVID’19 pandemic has led to drastic changes in people’s
lifestyle around the world, incl. those related to the natural way in which
individuals interact and communicate. In order to examine some of the effects of
virtual communication during the social isolation, an academic research team
from the Faculty of Journalism and Mass Communication at The St. Kliment
Ohridsky Sofia University of Bulgaria undertook a study in the declared two-
month’s period (13.03.–13.05.2020) of the state of emergency in the country.
The researchers conducted a three-folded study: on the sociological polls and the
media coverage during the pandemics; on the impacts of virtual communication
during the social isolation, using mixed methodology: quantitative and quali-
tative survey with three groups of respondents: media users, media professionals
and media experts; and on the activities of the telecommunication industry. The
results of the effects of virtual communication in social isolation were indicative.

Keywords: Virtual communication � Social isolation � Media �
Telecommunications

1 Introduction

The quick spread of COVID’19 found the world unprepared psychologically, eco-
nomically, medically and socially. It has resulted in a unique and unconventional
lockdown of a great percentage of the Earth’s population. The World Health Organi-
zation has declared the corona virus disease in 2019–2020 to be a pandemic, as well as
a critical public health emergency of international concern (PHEIC). Throughout the
pandemic period, the WHO has periodically issued a number of recommendations to
address the global situation. Thus, in March 2020, at a joint virtual press conference,
the UN, the UNICEF and the WHO announced a coordinated global plan to combat
COVID’19, with the aim of helping the most financially vulnerable countries [1].

Between early March and the end of May, the European Commission (EC) alone
adopted 291 decisions and other acts on COVID’19. They reflected the urgency and the
dramatic nature of the situation, as well as the speed at which the EC had to readjust
from delivering on long-term objectives to immediate crisis management. The Euro-
pean Commission’s revised Work Program for 2020 states, that what started with
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isolated cases quickly turned into a public health crisis, an economic shock of
unprecedented scale and a pandemic of global and tragic proportions [2].

The aftermath of the gradually easing lockdown in Europe is not problem-free. That
is why it makes sense to consider alternative ways to compensate for the limitations of
these social challenges through alternative forms of communication. Merit deserves
those that technologically enable people to overcome the strain of isolation.

Bulgaria reacted relatively quickly and efficiently at the institutional level to the
public health emergency announced by the World Health Organization regarding the
disease COVID’19. On February 26, 2020, by order of the Prime Minister, a National
Operational Headquarters was established. Among its responsibilities were to organize,
coordinate and monitor all actions of the competent authorities in relation to the pre-
vention of the spread of COVID’19, as well as to collect, summarize and analyse all
information on the development of the situation in order to inform the media and the
public [3]. The National Assembly passed a law on measures and actions during the
state of emergency, declared by its decision of March 13, 2020 [4]. The state of
emergency in the country lasted exactly two months – until 13.05.2020, when replaced
by an emergency until 15.07.2020.

Dealing with the pandemic not only in medical and economic, but also in social and
communication terms posed significant challenges to the institutions and the population
in Bulgaria during the state of emergency. In order to limit the spread of the corona
virus in Bulgaria, the state institutions issued a number of measures and recommen-
dations to citizens, companies and organizations. The traditional understandings of
labour, physical communication, working space had to transform ad hoc. The means of
virtual communication, including specialized training software, “saved” students from
completing the school year on a regular basis. The so-called “home office” became
increasingly important and popular. In this new extraordinary situation, people expe-
rienced the professional deficits in the field of digital infrastructure and connectivity at
national and international level. Although nowadays the health system in the country is
already prepared to meet the further challenges of COVID’19, the danger of infection
has not yet passed.

2 Aim and Research Methods

Undoubtedly, the COVID’19 pandemic will have a long-lasting influence on how
individuals, employees, customers and organizations will work, produce and interact
with each other. The transformations of human contacts during the pandemic towards
intensive e-communication in a number of social spheres, institutions, communities and
even individuals have fundamental scientific importance because it caused and con-
tinues to cause a change of paradigms, concepts, social practices and policies.

Though a plethora of research topics would be well fit for examining the pandemics
in general, the aim of the undertaken research is to focus on a fundamentally specific
societal segment: tracking of the effects of virtual communication in the situation of
social isolation and utilizing of the structured and analysed information into patterns for
policy measures. The respondents (N=185) were asked 28 questions.

The study is interdisciplinary and it uses mixed research methods, among them:
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– Comparative analysis of the derived data from academic sources, sociological
surveys, regulatory frameworks and media and telecommunications practices;

– Qualitative research, conducted with three groups of respondents: media ecosystem
(traditional media; social media, and social networks) users, media professionals
and media experts. The qualitative research techniques included semi-structured
interviews; experts’ assessments; and analysis of texts and documents, such as
government reports, media articles, and websites.

– Quantitative research, conducted via an individual direct poll.

In addition, cross-combining technique for data collection and analysis was applied
in order to compensate some of the inherent limitations.

3 Results

3.1 Sociological Polls and Media Coverage During the Pandemics

The national representative surveys of Alpha Research [5], Trend [6], and Gallup
International. Center for Public and Political Studies [7] sociological agencies, con-
ducted during the emergency state (13.03.-13.05.2020) showed an overall acceptance
and support by the publics for the health quarantine measures and restrictions. Critical
sentiments were present only towards the still unclear economic measures. Most of the
participants answered, that increased amount of time spent at home had a negative
effect on their mental and physical health. Many Bulgarians realized that the fight
against COVID’19 would take a long time until the return to their normal lifestyle.

The declared state of emergency and the accompanying restrictive measures
unequivocally displayed that the media environment with its timely and persistent
information about the development of the disease was crucial for the normal func-
tioning of the economy and the society. The media also had to readjust ad hoc because
they had the responsibility to participate in the national management of the pandemic
and in alleviating the stress in society caused by the emergency profound changes.

The point of the public debate in the media about the corona virus, however, was
not so much to challenge the constitutional right of the executive power to vital
measures during the pandemic, nor to instruct people on how and whether to comply
with the undertaken measures. The important issue was to protect people from “in-
fodemia”, i.e. from the disproportion in their access to other important information, in
order to they do not fall prey to unreliable messages and rumours that spread mostly via
social networks.

3.2 Impacts of Virtual Communication During the Social Isolation

In order to examine some of the effects of virtual communication in the conditions of
social isolation, an academic team from the Faculty of Journalism and Mass Com-
munication at The St. Kliment Ohridski Sofia University undertook a survey during the
two-month’s period of the state of emergency in the country (13.03.2020–13.05.2020).

Among the objectives of the survey was to monitor the level of adaptability and the
way in which respondents coped socially, psychologically, communicatively and
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healthily during the isolation associated with the corona virus pandemic. More than 86%
of the respondents were satisfied with the opportunity to work and/or study online. 65%
of the interviewees gave positive answer to the question whether employers/teachers
support distance work. Although 67% claimed that they were not worried of losing their
job or of education failure, 59% felt that the pandemic situation negatively affected their
work. The prevailing opinion of the respondents was that dealing with the situation,
which changed the status quo, requires solidarity, empathy and care for the weaker and
riskier groups of our society. Thus they saw the crisis as an opportunity for the Bulgarian
society to look at these problems in depth.

Another objective of the survey was to study which channels of information the
interviewees had used. 78% of all respondents pointed out the traditional media as the
most used information source during the COVID’19. The prevailing part of them stated
that they prefer to watch television, then - listen to the radio. Most of the interviewees
specified that combine their sources of information, as they want to compare the data
with more than one media channel.

The third objective of the survey was to analyze the level of trust in traditional,
online, social networks, social media) of the participants in the survey. More than half
of the respondents – 65.9% - were adamant that they trusted the traditional media at
most. Again, television was the preferred medium, followed by radio – 12.2%, and
press - 9.8%. Merit deserved the comparison between consumption (62.2%) and trust
(23.7%) in the online news agencies and websites. Similar was the situation with the
social networks. Close to half of all respondents (48.1%) were regular users of Face-
book, Tweeter, Instagram, Linkdin, etc., but only 12.4% stated that they trusted social
networks. Although only 9.2% used as main source of information social media (blogs,
YouTube, etc.), the trust in them was higher than in social networks (14.5%).

Most of the respondents were impressed by the level of mobilization of the Bul-
garian media and by their responsiveness to the emergency. Among the negative
opinions about the media coverage of COVID’19 was the pyramidal paramilitary
model of information, as well as the lack of criticism of the official information and the
limited debate with various opinions about the corona virus. Some of the respondents
explained that the media concentrated mainly on the spread of the virus and did not pay
enough attention to other factors following the pandemic, such as the economic
challenges in Bulgaria and throughout the world. When asked how they assessed the
media coverage of the COVID’19 pandemic, the largest percentage of the respondents
claimed that negative news prevailed, which shocked the people (51.6%). For 46.2% of
the interviewees, the media paid too much attention to the situation with the corona
virus and became intrusive. By doing so media helped to instill fear in society.
Regarding the psychological impacts, the largest number of respondents - 59.7%
answered that the over saturation with information about COVID’19 depressed them.

3.3 Challenges and Opportunities Facing Telecommunications Industry

For many sectors in the economy (e.g. tourism, restaurant services, retail trade, transport
and logistics, media, entertainment industry and film production) the period of forcibly
imposed anti-epidemic measures had adverse effects such as temporary or even per-
manent termination of activities, lay-offs and furloughs, financial losses, re-organization
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of the supply and distribution chains, filing for bankruptcy. However, for the
telecommunications industry in Bulgaria these measures had just the opposite effect.
From the very first days of social isolation, mobile operators and internet providers
enjoyed peak consumption of their services and got higher income. The explanation for
this was connected with the attempts to continue casual activities online (e.g. work and
education from home, online shopping, payment of bills, medical consultations, etc.).
High levels of distress in people as a result from the abrupt changes in lifestyle, as well
as the ban to travel without a valid reason also contributed to overloading the capacity of
transmission networks. Their service had to ensure not only the connectivity of their
subscribers, but also the ability to operate the entire education system, the public
administration, all digital services and the work of a huge number of people from home.

The process of adaptation of the Bulgarian mobile operators to the new situation
was speedy and flexible. With this regard, three main reactions were outlined:

– Ensuring the safety of company employees and customers and encouraging the use
of existing and the development of new digital services. Providing for additional
opportunities for communication, connectivity, entertainment and education was the
unifying policy of the three leading mobile operators in Bulgaria (A1, Vivacom and
Telenor). Telecommunications companies used the period of forcibly imposed
social isolation to promote online purchases of devices, gadgets and accessories by
using mobile apps, or discounts, or gifts, or other incentives. Besides, it was a
favourable period to promote their own mobile platforms for payment services of all
kinds.

– Social solidarity and online security in times of isolation. All mobile operators, in
cooperation with the National Operational Headquarters, maintained free of charge
the mobile application ViruSafe. Digital services were developed to serve business
clients how to run and manage work from home. In April A1 came up with a free of
charge application A1 Guard for prevention of telephone fraud – first of a kind in
Bulgaria [8]. Its release was in line with the warnings of the Ministry of Interior for
activating telephone fraudsters in the conditions of social isolation.

– Donation during quarantine - shared responsibility. Telecommunications companies
in Bulgaria started wide-scale donations activity during the state of emergency, built
on the principle of shared responsibility. Consumers “invested” funds in the com-
pany, which in turn “shared” the gains with the society to overcome the crisis. The
telecoms were very active in the direct assistance to health authorities and hospitals
to effectively deal with the corona virus infection and support for schools and
students in adapting to distance learning from home. The overall amount of the
reported donations by the telecommunications companies to fight against
COVID’19 exceeded 1 mln BGN (1 320 000 BGN) [9].

During the state of emergency, the telecommunications companies operated under
the increased control of the Communications Regulation Commission – the regulatory
body for postal services and electronics communications and in the shadow of the legal
possibility to use mobile data for uncontrolled monitoring of the publics [10].
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4 Conclusion

The study of the virtual communication in the social isolation of the two-month state of
emergency regarding COVID’19, led to some major conclusions, namely:

– The restructuring of the communication in the situation of social isolation caused a
variety of challenges to the media system and telecommunications sector, which
requires new approaches to their management and regulation.

– The effects of virtual communication during the social isolation presupposed the
importance of the media system and the telecommunications industry as core
determinants in the social management of the processes in extraordinary situations.

– The period of forced social isolation provided an opportunity for media and
telecommunications companies to convince society of their responsibility and
solidarity.

In crisis situations, such as the one with COVID’19, the effects of virtual com-
munication in social isolation are indicative.
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Abstract. Even though it is well-known that co-creation generates opportuni-
ties and benefits for organizations, there is still a void in literature concerning
participation management practice. This generates mistrust and blurred under-
standings about it’s strategic relevance. This paper presents three models to
manage participation through design principles to close the gap between par-
ticipation as a mindset and participation as a practice of value co-creation.
Participation is a scale and each level refers to the depth in which actors are
involved in a certain process, initiative or project and, therefore, the level of
engagement they reach. It must be strategically managed through time and with
the full spectrum of actors that build a service-ecosystem so as to achieve
collaboration and multidimensional value.

Keywords: Participation � Management � Strategy � Co-creation � Service
design

1 Introduction

We are in an era where management logics have moved from a traditional top-down to
a disruptive bottom-up model. Liz Sanders states that “today it’s not “business as
usual” anymore”. The rules have changed and continue to change. The new rules are
the rules of networks, not hierarchies” [1]. Public and private organizations are grad-
ually shifting from company-centric or product-centric perspectives to a customer-
centric or experience-centric perspective [2]. Also, a paradigm shift is taking place in
power structures. Old ways of power are closed and are leader-driven. New power is
participatory, open, held by many and promoted by hyperconnectivity and digitaliza-
tion. The aim is to channel new power and not to hoard it [3]. Companies have spent
the last century managing efficiencies, but this century is about managing experiences
[4] and ecosystems. To manage both, an “outside-in” view is essential. It implies to
move forward from the “inside-out” logic to create real value with and for everyone [5].

These paradigm shifts are happening in a world where most organizations are
service-based or are seeking to increase value through servitization [6]. What is a
service today? If services are a transformation of the state of reality through the
interaction of users and providers [7], then services may be seen as experiences.
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Services are co-produced between customers and providers at the moment of delivery.
They are perishable and inseparable because they do not exist without all the actors
involved [8]. Unlike products, services do not exist without co-production. But this is
not limited to a customer-provider perspective. Co-production of services must be
understood as a matter of service-ecosystems. A group of actors articulated to deliver
multidimensional value. This leads to something obvious but that should not be
overlooked, services are intrinsically participative.

Services are highly dependent on human factors such as expectations, motivations,
emotions and perceptions. Not only of customers, but of everyone involved in service
delivery. It becomes essential for service-based organizations to generate mechanisms
that allow them to systematically integrate these human factors to achieve more agile,
flexible and permeable organizations.

Managing participation through design principles can be a way to embrace those
human factors and turn them into knowledge for decision-making. An outside-in
perspective and an experience-centric management logic can be achieved through
participation management.

There are three models to close the gap between intention, execution and concrete
results of participation management: (1) The Participation Management Scale (IOE-
CCS), [9] (2) A Three-variable framework (P.A.L) [9] and (3) An Actionable Model
for designing specific participation instances. The three models were applied retro-
spectively to a case study in the Pediatric Unit of the Clinical Hospital of Pontificia
Universidad Católica de Chile (PUC).

Management and Design have responded to these paradigm shifts through the
generation of diverse methodologies, techniques and tools such as Sociocracy, Agile,
Lean, user-led innovation, user-centered design and currently, the protagonist is co-
design or co-creation. Designers have evolved from involving users as passive agents
to partnering with users throughout the design process [10].

In management, value co-creation was promoted by Prahalad and Ramaswamy as
“the process by which products, services and experiences are developed jointly by
companies and their stakeholders” [11] However, there is still a void in literature
referring to aspects that enable service co-creation [12]. Value co-creation, co-
production, co-design, customer innovation, cooperation, collaboration, co-
consumption have been used as synonyms leading to an increase in mistrust and
confusion about their benefits. What is clear, is that all concepts hold the intention to
open up to participation, involvement and engagement as a common factor [13].

Oertzen, et al., through a systematic literature review of 80 articles detected that:
(1) Involvement, engagement and participation are crosswise pre-requisites for all
concepts. (2) Few authors employ these concepts referring to multi-actor emphasis,
entire service process and emphasis on resource integration [13]. In this paper, Partic-
ipation will be understood as the global concept that encompasses the other expressions.

Participation management through Design is a way of approaching the entire ser-
vice process. It focuses on the strategic integration of the full spectrum of actors that
build an internal and external service ecosystem. It is a mindset [14], that flows in
parallel to the organization’s operations and the methodology they decide to use:
Design Thinking, Double diamond, Lean, Six Sigma, Scrum, DevOps, among others.
This understanding of participation management goes beyond the product and service
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development phase. It explores participation as an organizational culture and philos-
ophy. It requires constant involvement of partners, suppliers, clients, customers, users,
competitors, other companies, communities, government, organizations, foundations,
experts, authorities and employees. This point of view shapes participation manage-
ment as a strategy matter, as an enabler for decision-making, organizational transfor-
mation and business impact.

Participation is not an absolute, it is not a dichotomous or binary variable between
the existence and the nonexistence of participation. Participation is a scale, and each
level refers to the depth in which actors are involved in a certain process and the level
of engagement they reach (Fig. 1).

(1) Information: The minimum level of participation. What has already been
decided by someone is merely informed and will be implemented. A hierarchical and
unidirectional relationship is generated between the decision-makers and the actors that
will be impacted. (2) Opinion: It works under the logic of feedback. The participation
management team collects the opinions of those involved without necessarily accepting
their suggestions or concerns. It includes proposals previously built and imposed by the
decision-makers. (3) Evaluation: At this level the proposal is submitted to evaluation
and criticism by the impacted actors. The team designs mechanisms to integrate those
criticism. The focus at this level is to interpret and get as close as possible to the requests
and expectations of the actors involved, making the modifications that are possible and
pertinent. (4) Collaboration: At this level of participation the team works together with
the actors impacted. There is still a kind of surveillance or guidance, but the actors are
already part of the process. The interaction is bidirectional. The process of collaborating
generates value for the team and for the actors impacted as well. (5) Co-Creation: At
this level the proposal, project or process is managed peer to peer between the team and
the actors impacted. The parties are involved at the same level in decision-making. Each
one contributes from their experience and expertise. At this level there is a high sense of
belonging. Everyone is a builder of the desired future. (6) Self-Management: It is the
maximum level of participation. Management is completely delegated to the actors
involved. The proposal comes exclusively from the other(s) with a minimal intervention
of the team. Actors are fully empowered. These levels of participation can be adopted
within the same project in different phases, by different actors and at different depths
depending on the strategy required to carry out the objectives.

Fig. 1. The Participation Management Scale (IOE-CCS). Based in Arnstein (1969), Weidemann
& Femers (1993), Turkucu (2008), Hart (1992), Heimans and Timms (2014)
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The second model presented is to manage global participation with a strategic
approach. Reflections must be guided through 3 variables: (1) Phases and context
(2) actors that must participate and (3) levels of involvement and engagement (Fig. 2).

This framework unveils the importance to strategically design, plan, execute and
analyze participatory instances. The process requires the orchestration of these
instances deliberately over time [15]. To deepen on participatory instances, the third
model is proposed to close the gap between participation as a mindset and participation
as practice. This Actionable framework (Fig. 3) has seven aspects that need to be
designed sequentially and iteratively.

(1) Objectives: the specific objective or objectives of the participatory instance.
First of all, specify why participation is needed and the outcomes and/or outputs that
are expected to be obtained. They may have to do with socializing certain information,
generating a certain atmosphere or mood within the actors, generating specific results
like ideas, diagnoses, agendas, projections, products and services, or with only
mobilizing dialogue and debate, defying established dynamics, or making some con-
sensual decisions about some issue, among others. (2) Actors/Participants: Who is
pertinent to participate in that instance according to the defined objective(s) and the
global strategy of participation. Foresee their potential contribution, their interests, their
areas of expertise or non-expertise, their role, their impact on others behavior, etc. (3)
Dynamics, mechanisms and didactics: How the objectives will be achieved? It is
necessary to think about the general narrative of the participatory instance, the
sequence, the work structure, the rhythm, climax, and the overall experience. (4)
Activities, tools and platforms: What are the best means to accomplish the outcomes
and outputs?. Digital platforms, game dynamics, maps, canvases, models, storytelling,
mockups, prototypes, frameworks, etc. What resources and materials will be needed?.
What will be the roles and tasks of the team and the participants? Leading, outspeaking,
accompanying, recording, registering, keeping pace and time and/or taking visual

Fig. 2. Three-dimension framework to manage participation
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documentation. (5) Measurement and systematization: measuring the success or
failure of the participation instances is a key aspect to a strategic vision. This involves
the previous definition of expected results, KPI’s and systematization models. (6)
Context and timing: The right moment for the instance must be thought. “When” is
asking the appropriate day, hour, time, date and the consideration of relevant mile-
stones that can affect the objective of the participation. (7) Place and environment:
Place and environment: In labor context, in a relaxation place, in neutral or partial
location are some of the aspects that must be taken into account.

2 Why Using Design Principles to Manage Participation?

Basically, because of the three principles on which the designer’s role is based;
Facilitation, Interpretation and Materialization [15]. To design is to project what does
not exist using a creative but methodical approach. In this era, we are projecting a
world made of digital and physical experiences based in service-ecosystems. Therefore,
designers capitalized their strengths to help building that desired future through these
three principles. (1) Facilitation: Designers are challenged to be facilitators of change,
which means to enable others to design and achieve their objectives [16, 17]. Designers
support processes of analysis, discussion, dialogue, reflection, learning, exploration,
and sense-making. This is the first principle of design that can be applied to Manage

Fig. 3. Accionable framework to manage participation. 7 aspects to design instances
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strategic participation; boost others’ knowledge, experiences and strengths to create
desired futures. (2) Interpretation: Is intrinsically entangled with the first principle.
Designers also need to interpret multiple visions, motivations, ideas and perspectives.
Promote a common language and encourage the search for meaning. As in the tradi-
tional role of the designer, they must elucidate the underlying need or intention to then
materialize a result that generates value for the actors involved. (3) Materialization: Has
to do with their capacity to shape, produce, make visual and formalize a tangible or
intangible result. Design principles are catalysts and synthesizers of complexity.

2.1 Application of the Three Models Through Design

These three models were applied in a Service Design Project with the Pediatric Unit of
PUC’s Clinic Hospital. Between 2015 and 2018 the service design department of PUC
developed a set of projects that sought to improve service experience for patients,
caregivers and the healthcare team. The front and back office were analyzed together
with the physical and digital channels and touchpoints of the service. In order to
explain the application of the three models presented, the focus will be on one of the
projects limited to the physical environment that intended to personalize and make the
rooms more stimulating for patients and efficient for the healthcare team.

Initially, a methodology and an ecosystem mapping were defined. Then, the global
objective of participation was delimited and the participatory instances were designed
considering the levels of participation, the phase of the methodology and the actors’
profiles. For each session the seven aspects of the actionable framework were designed.
After a retrospective analysis about the strategic management of participation, two
categories of participation benefits emerged; Outputs and Outcomes.

Outputs: (1) Strategic participation management generates more accurate diagnosis of
the problems, challenges and opportunities. (2) Leads to new and better ideas through
the integration of diverse views, realities, expectations, motivations and pains.
(3) Allows to foresee fastly and cheaply possible technical, functional, formal and
definition problems of the products (touchpoints), service or project. Political, tech-
nical, social, cultural, economic barriers, among other obstacles, can be seen in
advance. (4) Obtains more usable products, services, projects and initiatives because it
faithfully adjusts to the real needs of the service-ecosystem and the context where the
project lives. (5) Participation management generates more implementable products,
services and projects. It increases the sense of belonging and ownership of ideas and
proposals. This enables synergy and the continuity of the project.

Outcomes: (1) Managing participation strategically evangelizes in people-centered
design methodologies as a way to face challenges in the future. (2) Anticipates the
impact on the expanded ecosystem. For example to anticipate the political negotiations
that should be carried out with high-level decision-makers. (3) Drives and thrusts
change within organizations. Through participatory instances, initiatives within an
organization can be socialized and scaled easier and more transparently through a
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strategic management of participation. (4) It installs participatory practices as a top-of-
mind option to develop continuous improvement of the products, services and expe-
riences generating a virtuous cycle.

3 Conclusions

In this paper, three models to implement participation management through design
were presented. The Management participation scale (IOE-CCS) promotes the under-
standing of how to manage the different levels of participation. The Three-dimension
framework that helps to envision the global strategy of participation through time
considering phases and context, actors of the service ecosystem that must participate
and the depth in which they will participate. Finally, the Accionable framework that
develops the seven aspects that must be detailed to put into practice participation
instances. These models seek to leave behind the blurred limits of strategic partici-
pation management. It is imperative to comprehend participation as a mindset that
focuses on the entire service process and the resources that the full spectrum of the
service-ecosystem can provide to generate multidimensional value.

Considering that the world is shifting to bottom-up logics, experience-centric
perspectives, new power structures and outside-in strategies, participation management
through design principles might be the way to systematically embrace these changes.
Human factors in service ecosystems can be turned into knowledge for decision-
making guiding us towards flexibility, adaptation and transformation of organizations.
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Abstract. The aim of this interaction exhibition of mortise and tenon structure
of Chinese traditional furniture is to display the exact and exquisite structure of
mortise and tenon and increase the interaction between visitors and the exhibits.
All the visitors have chances to participate in the fixing and unfixing process of
real mortise and tenon directed by virtual installation instruction. The first plan
is to project the installation instruction animation on the wall with the aid of
sensor technology. However, the interaction animation can only be displayed on
the wall. The second plan is mix real mortise and tenon structure and virtual
installation instruction together, while participants would immerse in the real
and virtual surroundings with the aid of MR glasses. The experience process is
easy and interesting without pressure, although some mortise and tenon is
complicated to a certain extent.

Keywords: Mixed reality � Chinese traditional furniture � Mortise and tenon �
Interaction

1 Introduction

With the development of VR/AR/MR technology, the traditional exhibition of cultural
heritage would have more possibilities to display vivid exhibits and interact with
visitors. Take Chinese traditional furniture for example, the exact and artful mortise and
tenon is one important part of Chinese traditional furniture, but mortise and tenon
structure is hidden inside the furniture [1]. Without modern interaction technology,
visitors had no choice to understand the inner structure in deep observation in the past.
Picture show and real mortise and tenon structure is the only way to display in past
ordinary exhibition.

Nowadays, visitors would have more interactive ways to interact with the real and
virtual mortise and tenon structure with the help of new technology. For example, two
APPs “Wood Joints” [2] and “Traditional Chinese Furniture” [3] which can be used on
phones and pad. People can observe different perspectives of mortise and tenon sliding
fingers across the screen, and finish some fixing and unfixing process which is inter-
acting and attractive. The exhibition “the Charm of Mortise and Tenon” which was
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held in Beijing Science and Technology Museum in 2018 [4], have more interaction
between visitors and furniture. Some interaction use real mortise and tenon structures
and some have the aid of virtual reality. One example is the pad screen, which has the
sensor capturing the ancient painting on the wall. When the screen capture the painting,
a 3D model of Chinese traditional furniture will appear on the screen, and the visitor
can rotate the 3D model to observe all the perspectives with fingers (Fig. 1).

The aim of this study is to increase the interaction experience, and direct visitors to
finish the fixing and unfixing process easily with interest without pressure with the help
of mixed reality and MR glasses. The real mortise and tenon structure and virtual
installation instructions would mix together in front of visitors and participants. In this
interaction exhibition, several Chinese traditional high and low dual-purpose tables
would be displayed for their exact and unique mortise and tenon structures.

2 Unique Mortise and Tenon Structures of High and Low
Dual-Purpose Tables

Chinese traditional high and low dual-purpose tables are unique tables with two
functions: high table and low table. The two functions can be transferred freely by
fixing and unfixing the high legs with the aid of unique mortise and tenon structures.
There are kinds of different mortise and tenon structures to form different high and low
tables with similar shapes. That is the charm of mortise and tenon of Chinese traditional
furniture.

For example, the poplar high and low dual-purpose table (Fig. 2) is absolutely
different from the elm high and low dual-purpose table (Fig. 3) [5]. The two tables have
different mortise and tenon structure, although the shapes of them have some simi-
larities. The poplar table’s high legs are divided into two pairs, which can be taken
away, while the elm table’s legs are also divided into two pairs, which can be folded
under the short table.

Fig. 1. The interaction with Chinese traditional furniture with the aid of pad
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3 Real Mortise and Tenon and Virtual Installation
Instruction Without MR Glasses

The first plan to show the interaction is to project animation of installation instruction
on the wall with the aid of sensor technology. When visitors approach the exhibits, the
animation would direct them to touch the parts of furniture, then the sensors would
detect this action, triggering the play of the installation animation to direct visitors to fix
or unfix mortise and tenon structures of Chinese traditional furniture (Fig. 4). No
matter how complex the mortise and tenon structure is, visitors can easily install it
without pressure with the help of guided animation.

This interaction scheme mixed real mortise and tenon structure and virtual instal-
lation instruction together. The weakness is that the installation instruction animation
can only be projected on the wall, and the virtual animation is absolutely far from the
real mortise and tenon, which is easily distinguished for visitors.

Fig. 2. The mortise and tenon structure of high legs of the poplar high and low dual-purpose
table

Fig. 3. The mortise and tenon structure of high legs of the elm high and low dual-purpose table
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4 Real Mortise and Tenon and Virtual Installation
Instruction with MR Glasses

The second plan to show the interaction is to mix the real mortise and tenon structure
with virtual installation instruction together with the aid of MR glasses. The advantage
of MR glasses (for example holoLens 2 [6]) is to help visitors to interact with the
exhibits more effectively and interactive. The visitors who want to participate in the
fixing and unfixing process of mortise and tenon, would wear MR glasses, after that,
the virtual installation instruction would be appeared around (Fig. 5), directing them to
experience the installation process. The participants would follow the designed steps to
complete the installation step by step with interest without pressure.

Some complicated mortise and tenon structures even have more than five steps, and
have more details to operate [7]. However, there is no need to worry about it. The
process would be interesting and easy, the interaction guidance make the whole
experience comfortable and easy, and all the participants would have good experience
wearing the MR Glasses.

Fig. 4. The fixing and unfixing process directed by the installation animation projected on the
wall

80 D. Yu



5 Conclusion

The study focused on the interactive ways and effects with mixed reality technology
and MR glasses in the exhibition of mortise and tenon of Chinese traditional furniture.
Mixed reality provides more interactive styles between visitors and the exhibits in the
exhibition.

Because of the particularity of mortise and tenon of Chinese traditional furniture,
which is hidden inside the furniture, mixed reality and MR glasses can give visitors
penetrating ability to observe, immerse and even participate in installation process,
which breaks the bottleneck of traditional graphic display and gives visitors more vivid
and interesting interactive experience.

The interaction exhibition of mortise and tenon structure of Chinese traditional
furniture is a positive attempt to introduce mixed reality and MR glasses in the field of
cultural heritage display and spread, especially the display of exact and artful mortise
and tenon structure of Chinese traditional furniture.

Acknowledgments. This paper is supported financially by MOE (Ministry of Education in
China) Project of Humanities and Social Sciences Research Youth Fund (Project
No. 19YJC760144).
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Abstract. Collaboration among remotely distributed professionals is often
required in a maintenance context. Professionals need mechanisms with adap-
tive capabilities to enable knowledge transfer, since the necessary experience
and expertise are usually spread among different professionals. To provide a
shared understanding, Augmented Reality (AR) has been explored. In this
paper, which is part of ongoing research using a human-centered design
approach with partners from the industry sector, we describe a framework using
annotations to improve the shared perceived realities of different professionals.
The framework allows manually freezing the on-site professional context and
sharing it with a remote expert to create annotations. Then, the on-site profes-
sional can visualize instructions through aligned and anchored annotations,
using a see-through Head Mounted Display (HMD). In addition, annotations
based on real-time video stream from a remote expert are also available. Hand
tracking is used to manipulate the annotations, enabling the adjustment of their
position and scale in the real-world according to the context, thus enriching the
on-site professional experience and improving visualization of information
while conducting maintenance procedures suggested by a remote expert.

Keywords: Remote collaboration � Distributed professionals � CSCW �
Maintenance � Framework � Augmented Reality � Annotations � Hand tracking

1 Introduction

Remote collaboration has important value in the industrial domain, since the necessary
experience and expertise are usually distributed among different professionals [1, 2].
The field of Computer-Supported Cooperative Work (CSCW) has been concerned with
understanding and designing solutions to support remote collaboration [3]. Augmented
Reality (AR) can be used to enable knowledge transfer from professionals unavailable
on-site [3, 4], since it can provide a common ground environment, i.e., shared
understanding for situation mapping, allowing identification of issues, and making
assumptions and beliefs visible [5]. A number of earlier studies have explored different
annotation mechanisms for remote collaboration [6]. Gauglitz et al. [7] explored how to
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stabilize annotations on the real-world using AR tracking in handheld devices. The
authors found that users preferred stabilized annotations when compared to the
unstabilized alternative.

Kim et al. [8] proposed the use of a manual freeze method to prevent annotations
from being anchored to a wrong object, while an on-site user unexpectedly changes the
viewpoint. This way, a remote user could manually freeze the live video received from
the on-site user and draw on the still video frame, rather than in a live video. Then, s/he
can again return to the live video.

Kim et al. [9] introduced a novel auto-freeze method, in which the freezing and
unfreezing functions were integrated with the drawing functions to reduce the inter-
actions required. The live video was automatically frozen when a remote user started
drawing, and unfrozen when the drawing stopped. Then, a local user could use a Head
Mounted Display (HMD) to visualize the annotations, while manipulating physical
objects with hand gestures. The authors compared this method with the manual freeze
concluding that the auto freeze method was easier to use and speeded up the annotation
drawing process.

In this paper, we aim to provide interaction methods to improve cooperation among
distributed professionals by using a see-through HMD and hand tracking for visual-
ization and manipulation of different types of AR annotations. Our work, which is part
of ongoing research using a human-centered design approach with partners from the
industry sector, follows a set of requirements for the design of collaborative solutions
described in previous work [reference blind for revision purposes]. The paper makes
the following contributions:

• Describes an AR framework developed for remote collaboration;
• Presents different types of annotations as additional layers of information;
• Proposes the use of hand tracking for manipulation of spatial annotations.

2 An Augmented Reality Framework Supporting
Annotations

The framework developed within this work is designed to support scenarios that require
know-how and additional information from professionals unavailable on-site, as is the
case of maintenance scenarios. Therefore, it focuses on two types of users: on-site
technicians and remote experts.

Framework Description
Maintenance procedures might be performed in multiple contexts i.e., different
equipment and/or environments. Therefore, the framework was designed to function in
a diverse set of conditions, using shared 2D annotations that can be placed onto
existing equipment, instead of 3D virtual models, thus providing a more generic
approach, not depending on the existence of pre-defined 3D models.

Figure 1 presents an overview of the framework. When facing unfamiliar problems,
on-site technicians can use the camera of a HMD to manually capture (freeze) the
context of the problem and send it to a remote expert for context understanding and to
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enable the instructions/feedback accordingly i.e., inform where to act and what to do
using annotation features (in a laptop or desktop computer), allowing the creation of
layers of additional information to illustrate difficulties, identify specific areas of
interest or indicate questions. Afterwards, the on-site technician receives the instruc-
tions showing the suggestions from the remote expert, which can be visualized using
the see-through HMD, overlapping the real-world context, while facilitating the per-
formance of procedures intervention through a handsfree approach. The instructions
can be presented using aligned and anchored annotations or through video stream
displaying the creation process of the annotations. At any moment, the position of the
annotations can be moved using hand tracking with the intent to provide a natural
interaction mechanism. The overall collaborative process can be repeated iteratively
until the task is successfully accomplished. The proposed framework also supports
audio communication despite not being the focus of this research.

Currently, the framework can be used on devices running Android, MAC OS, or
Windows. Since on-site technicians are constantly moving, it seems adequate to equip
them with HMD or handheld devices. Regarding the remote expert, we support mul-
tiple types of devices, including a laptop or desktop computer, an interactive projector,
or an handheld device (Fig. 2). The framework was developed using the Unity 3D
game engine, based on C# scripts. To place the AR virtual content in the real-world
environment, we used the Vuforia library. Communication between the different
devices was performed over Wi-Fi through specific calls to a PHP server responsible
for storing and sharing the enhanced pictures accordingly.

Fig. 1. Framework overview. Goal: Allow an on-site technician to capture the real world using a
see-through HMD and share with a remote expert for analysis and to provide instructions through
the creation of annotations. Finally, the on-site technician can view the real world augmented
with the annotations and perform an intervention
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All annotations we use are stable, in the sense that they are all placed in the world.
The difference is one kind of annotation is meant to be aligned with reality (and is
interactive) and the others aren’t (and are anchored to a specific pose in the world).
Another possibility could be using unstabilized annotations, i.e., display in the corner
of the user’s field of view.

Aligned Annotations
This type allows annotations to be aligned with the real-world (Fig. 3 - 3). The on-site
technicianmay interactwith the annotation andadjust its pose and size tobettermatch reality.

Anchored Annotations
This type of annotation allows an image object to be anchored in a designated pose in
the real-world to be consulted by the on-site technician while conducting a given
procedure (Fig. 3 - 2). It is also possible for the on-site technician to create one of these
annotations by capturing their context through a snapshot saving feature (Fig. 3 - 1).

Fig. 2. Framework multiplatform possibilities for the On-site Technician (left: HHD of HMD)
and for the Remote Expert (right – Computer, HHD or projection)

Fig. 3. Example of functions associated to the annotations of the framework for the on-site
technician (left – capture and visualization of annotations) and the remote expert (right – situation
understanding and creation of annotations)
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Anchored Annotations Based on Video Stream
This type of annotation allows a video to be displayed in a designed pose in the world
to be consulted by the on-site technician, following the same method previous
described (Fig. 3 - 4).

Manipulation of Annotations Using Hand Tracking
We used a see-though HMD featuring gesture-based hands-tracking that enables the
technician to interact with the annotations in a natural way. Closing one hand within
the collision box of an annotation allows the on-site technician to grab it and move it in
6DOF. If two hands are used, this also enables the rotation and scaling of the anno-
tation, by changing the distance between the user’s hands and rotating the hands in
relationship to each other, respectively.

3 Discussion

When on-site technicians use a hand-held device to visualize annotations, the need to
hold the device with a particular orientation and position for proper observation of the
information entails more cognitive and physical demands which may further hinder the
ability to perform the task at hand [10]. The handsfree nature of the see-through HMD
approach creates a setting where the interaction with the world is facilitated, enabling
more complex tasks involving the use of two hands, while not compromising the access
to information. Furthermore, the user interface design of the HMD, which leverages
gesture-based hand tracking is thought to reduce the learning curve for unexperienced
users by using hand interactions and allowing virtual objects to have physical prop-
erties of their real-world counterparts.

Allowing the annotations to be aligned with the real-world provides added value by
complementing physical objects with information related to them in a straightforward
way. The relationship between the target object and the information provided is
inferred by enabling the on-site technician to perceive the indications of the remote
expert as given directly within the physical context, creating a consistent view of the
shared workspace. On the other hand, when using annotations that are not aligned with
reality, the relationship between the information provided and the real-world context it
refers to must be explicitly expressed, for instance.by presenting the information over a
still picture of an object.

This type of remote interaction may also be adequate for the medical field (e.g.
particularly in surgery), simulators (e.g. as flight or driving simulators), military
operations, and many other scenarios where cooperation or tutoring are required in a set
of tasks involving dexterous use of the two hands.

4 Final Remarks and Future Work

In this study, we describe a framework that allows the use of different kinds of spa-
tialized annotations, facilitating remote collaboration, while leveraging the use of hand
tracking for manipulation.” We followed requirements for the design of collaborative
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tools using AR in remote scenarios, based on a human-centered design approach with
partners from the industry sector. We integrated the use of a See-through HMD with
hand tracking capabilities into an existing framework based on sharing of enhanced
annotations. Through the use of different types of annotations, the framework allows
the customization of the annotations position according to the context, allowing for the
enrichment of each user’s experience and the merging of the shared perceived realities
of different users.

This study is being expanded by conducting a user study to evaluate usability and
acceptability and to understand if these new features of the framework can be robust in
a real remote setting. Furthermore, we are also planning a focus group to present and
discuss the most recent updates to the framework. Then, we intend to conduct formal
user studies with domain experts to test our findings and validate the framework.
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Abstract. In recent years, people are increasingly concerned about the safety
and health of their diet, which leads to more people preferring to cook for
themselves. However, young people do not have complete cooking skills
because of poor experience. This paper focuses on their cooking problems and
applies user research approach to concluding the pain points of cooking
behavior for this cohort of young-adult users. The purpose is to provide users
with easy, intuitive, and interesting cooking instructions. Based on the inter-
active projection technology, we developed a cooking interactive projection
system named “Homenu”, which has a lightweight and natural interaction.

Keywords: Smart kitchen � Interactive projection � � Interactive design

1 Introduction

According to a study conducted by the United States Department of Agriculture
(USDA), millennials spend a larger percentage of their grocery shopping budget on
“prepared foods” and they cook “home-prepared food” less than any of the previous
generations [1]. But with the improvement of living standards, people have higher
requirements for the quality of life. The health, nutrition, and safety of diet have
become a public concern [2]. People are more likely to cook for themselves rather than
just settle for a takeaway.

With the continuous progress of science and technology, the kitchen has gradually
become more intelligent, providing a lot of convenience for cooking. The ways of food
purchase, delivery, and storage management have been developed. The smart kitchen
has largely eased a lot of preliminary work, but young people still cook less frequently.
Based on the previous study, the frequency of cooking is negatively associated with a
sense of pleasure (hedonic motivation) [3]. This may occur because they face a lot of
difficulties in the process of cooking, which are mainly reflected in the following
aspects:

Poor Cooking Experience. Although many people are willing to cook for themselves,
most of them are new cooks, especially young people born in the 1980s and 1990s who
live and work in big cities. The skill has a positive impact on the likelihood to cook,
and attempts to impart skills should also increase the incidence of cooking.
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Inefficient Way to Learn Cooking. Currently, the main way people learn to cook is by
checking recipe apps on their electronic devices. But this presentation of recipes is not
intuitive enough. Users will be busy and get the wrong steps while browsing the
tutorial, and the water stains on their hands will also prevent them from touching the
electronic screen.

Boring Cooking Process. For many new cooks, the cooking process is boring, espe-
cially the cutting and processing of ingredients. The cooking process is perceived to
require a considerable amount of manual labor and a need for precise measurements.

Taken together, the purpose of this study is to alleviate the problems encountered
by young people who are willing to cook but not experienced in the actual cooking
scene and encourage them to engage in healthy cooking habits.

After analyzing the previous research and determining the goals, we carried out the
main design process. The stages and behaviors of the cooking process were summa-
rized through observation, user interviews, and other research methods. Then, we
analyzed the pain points of the cooking process and obtained the user experience map
of the cooking process. In order to achieve the desired interaction effect, we studied the
interactive projection technology and determined the development platform and
development model. Finally, the cooking interactive projection system was designed
and developed.

2 User Research

Firstly, we did field observation. The purpose of this observation is to understand the
cooking process of different users, analyze the cooking behavior, and summarize the
general process and rules of cooking. Through the observation of the cooking process,
it was found that the preparation and production of dishes could be summarized in the
following six steps: choose the recipe, prepare ingredients, cut ingredients, process
ingredients, heat and cook, decorate and plate.

And then we did the user interviews. The purpose of this interview is to understand
the target users’ diet status, cooking status, as well as the pain points and needs
encountered during cooking learning. And the selection criteria of interviewees in this
interview are young people between 20 and 35 years old, with relatively good income
and high requirements for quality of life. Six interviewees were selected for the survey,
including three females and three males. Three respondents had some cooking expe-
rience, while the other three had no cooking experience.

The interview result shows that users cared about life quality and brand experience,
and they had a strong sense of healthy diets. They generally believed that cooking at
home was healthier than eating take-out food, although they often ate take-out food due
to a tight schedule. They expressed a willingness to cook at home if conditions were
right.

In terms of their access to culinary instruction, many respondents said they were
still too inexperienced to cook independently. In the process of cooking, they often had
to look at the recipes on mobile devices like phones, so the operation led to confusion.
Also, water-stained and oil-stained on hands during cooking would affect the touch
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screen, making the whole process terrible. Besides, some respondents said the process
of cooking was too boring, especially when cleaning, cutting, and cleaning up
afterward.

The cooking behaviors and cooking operations at different stages were summarized
in the observation and investigation, as well as the pain points, demands, and typical
sayings of users learned in the user interviews. We combined them to create a user
experience map (see Fig. 1).

Through the user experience map, we get the opportunity points: Use a more
natural interaction to provide simple and intuitive cooking instructions, and make the
cooking process more fun with more interesting interactions and gamification.

3 Design and Development of the System

3.1 Hardware and System

Omojola et al. pointed out that with the continuous development of computer tech-
nology, we should no longer obtain information only through the old way like mouse,
keyboard, and monitor [4]. With the rapid development of sensing technology, more
new ways of interaction have emerged.

To demonstrate the design concept and develop the interactive projection system,
the carrier used in this design is a technology named interactive projection. It can
project information onto a desktop or wall. And it has been developed and widely used
in recent years. People can interact by touch, click, and other means. At the same time,
the form of projection is free from the constraints of the screen, and its operating
environment becomes more diverse. Through interactive projection, ordinary ground,
wall, desktop, and other realistic space can become our interactive space.

Fig. 1. User experience map and opportunity points
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The interactive projection device we used is “Sony Xperia Touch”. It is an android-
based interactive projection device. Placed on a desktop, it can project a 23-inch virtual
screen. It’s agility, interactive, and colorful. Even in a brighter environment, the pro-
jected content can be displayed. Users can perform a series of interactive actions on the
projection interface, such as playing videos, viewing pictures, downloading and using
apps, etc.

Touch is the most basic interaction of “Sony Xperia touch”. And because it runs on
android, it works just like a normal screen. Manipulation methods such as tapping,
touching and holding, pinching in and out, swiping and scrolling, flicking (see Fig. 2).

Current interactive projection technologies can be divided into four types, which
are based on trait imaging, infrared sensing, image recognition, and structured light
principle [5]. For “Sony Xperia Touch”, the interaction is via an infrared sensor and
cameras.

3.2 System Architecture

According to user research and technology exploration, we developed an app called
“Homenu”. It runs on “Sony Xperia Touch” based on android. “Homenu” has three
main functions: personal information, recommended recipe and cooking assistant.
Personal information includes personal culinary points, community rankings, and
more. Recommended recipe includes today’s dishes. After selecting a recipe, users can
view the recipe details. After clicking the start button, it will enter the cooking assistant
phase. Figure 3 is the functional architecture of the interactive projection system.

Fig. 2. Touch interaction with “Sony Xperia Touch”
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3.3 Usability Test

We invited six young people with little cooking experience to do an initial evaluation
of the “Homenu” operating system. They were asked to follow the “Homenu” to make
a potato cake. The ingredients were ready for them, and they were asked to cut
potatoes, mix and stir the ingredients, roll out the dough, time the dough, decorate the
cake with cream, and so on (see Fig. 4).

The six participants both thought that this interaction method was enjoyable, and
they could feel easier during this cooking process. Owing to the visual guidance, it
could help them improve cooking skills. In particular, the projection grid guided cut-
ting of food materials, interactive animation guided decorative production and other
functions received unanimous praise from the participants.

Fig. 3. System functional architecture

Fig. 4. Usability test
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And they also expressed worries about long-term effects since cooking for the first
time is still fresh and novel for users. Therefore, establishing good feedback is our
future efforts to increase users’ reliance on interactive cooking assistance systems.

4 Conclusion

This paper focuses on the cooking scene, and conducts research and analysis for young
people who are inexperienced in cooking. When cooking for themselves, they
encounter many problems like poor cooking experience and the inefficient way to learn
cooking. We designed the “Homenu” system based on interactive projection technol-
ogy to assist young people in cooking. And with the help of Sony Xperia Touch, we
completed the development and presentation of the system. The easy and natural
interactive way provides users with intuitive and interesting cooking guidance to
improve their enthusiasm and participation in cooking. Positive feedback makes
cooking more gamified and increases their sense of accomplishment. In addition, the
personalized customization of recipes is conducive to the healthy diet of users and can
stimulate their creativity.

Smart kitchen is the development trend of future life. It should be a complete
process from the garden to the table, involving ingredients recommendation, food
purchase, and delivery, cooking guidance, feeling communication, etc. At present, this
paper focuses on only one part of the smart kitchen process, the cooking stages. In the
future research, we can pay attention to the whole process of smart kitchen, and make
good use of the existing network platform data, so that the service of intelligent diet is
perfectly integrated into the life of users.

Acknowledgment. This research is supported by Zhejiang Provincial Key Laboratory of
Integration of Healthy Smart Kitchen System (Grant No: 2017F02).
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Abstract. This study attempts to improve video viewing experiences by elu-
cidating the mechanisms of evoking emotional responses focusing not on the
video itself, but on the cognitive state of the viewers. The authors focused on
empathy, which is considered to be the most important factor in evoking
emotional responses, affected by the amount of both knowledge and engage-
ment. The comparative experiment was conducted between two groups: one
group was asked just to watch the video; the other group was asked the same but
after experiencing a workshop where they were given an opportunity to acquire
knowledge of and engage with the video subject matter. As a result, the par-
ticipants with greater knowledge and engagement before viewing the video
displayed a significantly higher level of emotional response on average. The
knowledge obtained from this study will contribute to the improvement of the
design process to evoke an emotional response in video viewing.

Keywords: Evoking emotional response � Empathy � Engagement

1 Introduction

There is an accumulation of studies and practical knowledge addressing video ques-
tions such as: What kind of scenario structures or visual/sound effects can move video
viewers? In contrast, video research has barely touched on such issues from the per-
spective of the cognitive state of the viewers, though it is generally known that even
identical videos are perceived differently depending on that cognitive state.

This study seeks to improve the video viewing experience by understanding the
cognitive mechanisms which evoke emotional responses.

2 Related Studies

2.1 Evoking Emotional Responses

As a framework for the expression of emotions in emotion research, Tokaji reported
that one of the following three is usually adopted:
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1. Specific emotional categories typified by joy, sadness, anger, fear, etc.
2. Specific dimensions such as pleasantness-unpleasantness, excitement-sedation, and

asleep-awake.
3. The most basic two-dimensional division of positive emotions-negative emotions.

However, evoking emotional response cannot be classified into any of the frame-
works used in these studies of emotions, and explained as a special kind of emotional
expression. In other words, evoking emotional responses refer to multiple emotions that
cannot be captured by a single emotional value. Therefore, Tokaji categorized evoking
emotional responses and proposed a theoretical model of its mechanisms centering on
empathy [1].

In this study, the authors focused on empathy based on Tokaji’s theoretical model
of evoking emotional response mechanisms as well as the definition of feeling deeply
and being moved by an object.

2.2 Empathy

In previous research, Escalas et al. differentiated empathy and sympathy, and found that
sympathy is the concept of a thought-response that is noticed and understood from the
perspective of the observer, whereas empathy is the concept of an emotional response
in which one shares another’s feelings from the perspective of a participant [2].
Ishihara explained that empathy means to enter into the heart of another person and to
feel the heart of that person, to know the heart of the other person indirectly by
becoming alive to the physical behavior of that person, who is an external sensory
object (for me) [3].

Therefore, the authors also considered empathy as a vague and polysemous concept
and defined it as a posture that projects one’s own emotions into the object or into
others and considers them to be unique to the object.

Minagawa reported that differences in expression were found depending on the
degree of empathy in the context of the learning experience [4]. Furthermore, Oshimi
et al. reported that people with greater knowledge and engagement when watching
sporting events are more emotionally aroused [5].

Based on these related studies, the authors hypothesized that people with greater
knowledge and engagement in the video subject matter would display stronger emo-
tional responses.

3 Methodology

3.1 Experiment

The authors conducted an experiment with two groups to compare how differences in
cognitive levels of knowledge and engagement with the video subject matter affect the
viewer’s emotional responses to the video material. The presence or absence of
workshops that enhance engagement and knowledge in the process of video viewing
were used to test the hypotheses by means of comparison in a controlled environment.
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Participants. Twenty-six healthy participants aged in their twenties participated in the
experiment and were divided into two groups, group A and B.

Video Materials. The video materials for the experiment were carefully selected to
meet following requirements:

1. Video evoking similar types of emotional responses
2. Video with minimal difference in impressions of participants
3. Video that are unfamiliar in daily life to evoke emotional response
4. Short enough video to keep participants concentration (5–7 min)

Based on these requirements above, the following two videos were selected.
Video 1: A craftsman is demonstrating dragon origami work.
Video 2: A craftsman is demonstrating dragon beard candy work.

Procedure. For Video 1, group A was asked just to watch the video, while group B
was asked the same but only after experiencing a workshop where participants were
given an opportunity to acquire the knowledge and to become engaged in the video
subject matter. After watching each of the videos, the participants were asked to
complete a questionnaire. For Video 2, the experiment was conducted with groups A
and B switching roles. The workshop for each video took 30 min. The first 10 min
comprised a lecture on the video subject matter meant to broaden the viewer’s
knowledge. The next 20 min were spent with hands-on training to increase engagement
with the video subject matter.

Lecture. For Video 1, participants were introduced the following kind of information:
This is one of the world’s most complex origami works; It is very difficult to create an
asymmetrical structure; Introduction of a blueprint for the origami dragon (Fig. 1).

For Video 2, participants were introduced the following kind of information: The
malt and other chunks are stretched and folded to make this confection; 16,384 bundles
are made at the end; At least 60 kg of grip strength is required to make it (Fig. 2).

Fig. 1. Dragon origami craft work (left) and its blueprint (right)
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Hands-on Training. For Video1, participants tried a simple dragon folding exercise.
For Video 2, they prepared a lump of syrup and practiced stretching it themselves to
make dragon beard candy.

3.2 Evaluation

The authors evaluated each participant in each experimental process: how much
emotional response was evoked, as well as how much knowledge and engagement with
the video subject matter was acquired before watching the video. The questionnaire
items are set as shown in Table 1 and were answered by each of the participants on a 5
point-scale each time they finished viewing the video.

Fig. 2. Dragon beard candy craft work (left) and its bundles (right)

Table 1. Questionnaire items list.

Knowledge Did you know how to do it?
Did you know what can be made from it?

Engagement Have you ever made it?

Would you like to make it more in the future?
Emotional
Rating Scale

Receptive Overflow Does it fill your heart? (love, joy, tears)

Does it touch your heart? (tears of gratitude,
twilight, loneliness)

Enjoyment Does it warm your heart? (gratitude, peace of mind)
Was it captivating? (beautiful, majestic, stunned
silence)

Expressive
(Positive Emotions)

Fascination Does it move your heart? (enthusiastic, deeply
touched, stomach butterflies)

Excitement Was it exciting? (raises me up, makes me want to
express myself)

Delight Were you thrilled with it? (psyched)

Were you delighted? (happy, “yay!”)
Expressive
(Negative and Neutral
Emotions.)

Intense
grief

Was it spine-chilling? (panic, astonishment,
tension)
Was it unbearable? (cruelty, trembling, wailing)

Awaking Does it grab your heart (get goosebumps, trembling,
throbbing)
Were you enlightened? (unexpected)

General Impression Rating
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Engagement and Knowledge of the Video Subject Matter. Based on the ques-
tionnaire used in the experiment by Oshimi et al. [5], the questionnaire items shown in
Table 1 are rated on a 5-point scale to evaluate the degree of engagement with and
knowledge of the video subject matter.

Evoked Emotional Response. Based on the study by Oode et al. [6], the authors set
questionnaire items to evaluate evoked emotional responses on a 5-point scale. Open-
ended questions were added at the end.

4 Results and Discussions

An overview of the experiment results is shown below in Table 2 to examine whether
there was a significant difference in results between those with and those without the
workshop. Mann-Whitney’s U test was used with the significance at 5%. Items that
showed a significant difference are gray colored in Table 2.

Looking at the negative and neutral expressive emotions, there was no significant
difference between Video 1 and Video 2, all within a low value for all cases of emotions
classified as sadness. This is because both videos used in this experiment focused on
craftsmanship, and the images were not meant to be heartbreakingly emotional.

Table 2. An overview of experimental results

WS: workshop
w/o: without
w/: with

Video 1 Video 2
Group A
w/o WS

Group B
w/WS

Group A
w/WS

Group B
w/o WS

Knowledge 1.1 2.4 3.8 4.1
3.4 3.7 4.0 4.1

Engagement 4.0 3.9 2.7 3.2
2.7 3.6 4.8 4.7

Emotional
Rating
Scale

Receptive Overflow 2.9 3.4 3.1 3.3
2.6 3.0 2.4 2.6

Enjoyment 2.4 2.2 2.7 2.9
3.6 4.9 4.3 3.9

Expressive (Positive
Emotions)

Fascination 3.2 4.3 2.8 3.3
Excitement 3.0 4.1 4.1 4.3
Delight 3.5 4.2 4.5 4.3

2.1 2.8 2.9 3.6
Expressive
(Negative and Neutral
Emotions)

Intense
Grief

1.4 2.1 1.2 1.2
1.3 1.1 1.0 1.2

Enlightened 2.8 4.4 3.9 3.3
2.5 2.6 2.8 2.9

General Impression Rating 3.6 4.6 4.1 4.2
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The results for Video1 showed that the participants with more knowledge and
engagement before viewing the video displayed a significantly higher level of emo-
tional response on average. Four items (fascination, excitement and arousal) improved
on the emotion rating scale. The results show that the same images prompted more
emotional engagement that came with more emotions. By watching the video based on
the knowledge gained in the workshop, some participants were able to experience the
artist’s technique and compare it to their own images of origami, and to think about the
folds and its structure.

The results for Video 2 showed that there were no significant differences among
evaluation items. Table 2 shows that knowledge, engagement, and inspirational ratings
were all close to 4 for both questionnaires. The participants expressed their interest in
the artisanal skills and taste. However, many participants said, “I don’t know how to do
it, and I can’t do it well at all” during the workshop, which indicates that this workshop
did not sufficiently deepen their understanding of dragon bearded candy and the artisan.
In other words, even after experiencing the workshop, the participants’ knowledge was
insufficient to be able to compare the actual experience with the skills of the artisans.

5 Conclusion

This study has shown that the process of increasing the viewer’s knowledge and
engagement can lead to empathy and evoke emotional responses to video, regardless
the video itself. The knowledge obtained from this study will contribute to the
improvement of the design process to evoke emotional responses in video viewing. The
main limitation in this study was the small sample of data. There is a need to examine
various kinds of video and viewer positions.

Acknowledgments. We are grateful to Ms. Akiko Fish and Mr. William Fish for their generous
and continuous supports to our research activity. This work was supported by JSPS KAKENHI
Grant Number JP20K20119.

References

1. Tokaji, A.: Mechanisms for evoking emotional responses of “Kandoh (The state of being
emotionally moved)”. Cogn. Sci. 8, 360–368 (2001)

2. Escalas, J.E., Stern, B.B.: Sympathy and empathy: emotional responses to advertising dramas.
J. Consum. Res. 29, 566–578 (2003)

3. Kouji, I.: “Einfühlung” and “Sichversetzen”: theory of understanding others in phenomenol-
ogy and hermeneutics (1). Ann. Rep. Cult. Sci. 48, 1–19 (1999)

4. Minagawa, N.: A review for the education, bringing intelect and sensibility closer to each
other, based on cognitive psychology. Res. Bull. Educ. Sci. 17, 17–26 (2002)

5. Oshimi, D., Harada, M.: Delight in watching sports: a replication and an examination of
moderator effects in the customer delight and satisfaction model. Jpn. J. Sport Manage. 5, 19–
40 (2013)

6. Oode, S., Imai, A., Ando, A., Taniguchi, T.: Evaluation of Kandoh evoked by music-relation
between type of Kandoh and affective value of music. NHK STRL R&D 50, 1111–1121
(2009)

Process Design for Evoking Emotional Response Focusing on Empathy 101



Humanoid Robotics: Guidelines for Usability
Testing

Niccolò Casiddu, Francesco Burlando(&), Claudia Porfirione,
and Annapaola Vacanti

Dipartimento Architettura e Design, Università degli Studi di Genova, Stradone
di Sant‘Agostino 37, 16123 Genova, GE, Italy

{niccolo.casiddu,francesco.burlando,

claudia.porfirione}@unige.it,

annapaola.vacanti@edu.unige.it

Abstract. In the macrofield of human–computer interaction, human–robot
interaction (HRI) is a relatively new and unexplored field of study. As several
efforts have been made in robotics to expand the range of functionalities of
hardware and software, perhaps the hardest challenge is to ensure good usability
and fluid interaction for users. With regard to remote operated robots, these
aspects are unrelated and the interaction features may be taken into account at an
advanced design stage. Nevertheless, when it comes to humanoid robots,
interaction features are the keypoint, therefore the design of the latter should be
driven by UX and UCD practices. The actual fact is that too little attention is
paid to these issues or, at best, the latter are approached by IT’s point of view,
who are in charge of the software development. In conjunction, a team of
engineers take care of the mechanical parts and, in the most highly developed
project, the appearance is curated by industrial designers. Given the importance
of the interaction features, the design process should be rearranged in favour of
the last-mentioned phase. However, the team in charge of this task should be
composed of industrial designers, that we can consider as UI designers, along
with UX expert. This study applies UX practices to the design process of a
humanoid robot, providing practical guidance and guidelines to put in place
usability testing during the various stages of development. Regarding testing,
only user satisfaction is often investigated. Instead, the present approach
includes an adaptation of typical elements of the web design area, such as
learnability, efficiency, memorability and errors.

Keywords: User experience � Human–robot interaction � Usability testing �
Humanoid robotics
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1 Human Robot Interaction

In the last decades we have faced a tremendous technological growth in the actions of
our everyday life. Almost everything that we were used to do in a certain way, now is
being done with the assistance of some technological device. Website and mobile app
have become the most important tools in all aspects of our life, from trivial things to
life and death matters. As a result, over the years the concept of Interaction Design
(IxD) and usability has evolved. If in the past industrial designers were supposed to
deal with issues as materiality and ergonomics, the emergence of the Human–Computer
Interaction (HCI) scope has brought with it new challenges and nowadays the scope of
User Experience (UX) is mainly characterized by digital products.

More recently we have faced the onset of robots in our society with an increasing
trend for humanoids (reference) due to the high level of affordances that the latter
produce in users (reference). We are now accustomed to see collaborative robots in
industries and even if a robot designed to operate in industrial workspace should not be
humanlike for any practical purpose, we are seeing an increasing trend of anthropo-
morphic design of CoBots, as Baxter by Rethink Robotics, as proof of fact that at least
some humanoids features are always preferred in the design of a machine bond to work
at the side of a human [1].

As for the future, the evolution of the robotics scope and the increasing need of the
assistance by machine - especially in areas such as caregiving - suggest that we will see
more and more humanoids in our everyday life. The study of Human–Robot Interaction
(HRI) and in particular Human-Humanoid Interaction (HHI) will promote the inte-
gration of such item in our society. With regard to the above, humanoid robots stand
somewhere in the middle between industrial and digital products. The science-fiction
imagery sees robots as personal assistants that help us in daily life actions with verbal
and physical interaction. A sort of Alexa that can also carry grocery bags and clean the
house. Before it comes to anything like that, a lot of challenges in terms of software and
hardware must be solved, but we can predict what will happen since same thing
happened to other technological sectors as automotive and mobile phone. Let us take
the latter as an example: if for a certain time the disparity between products from
different companies was made by design and software features, once all the products
achieve a good standard in these points, things like the presence of an ecosystem of
additional services and the User Interface (UI) started to make a difference. Therefore,
even if the robotics scope still has to deal with challenges in terms of software and
hardware, it is important to get a head start on the design of the experience that users
will have in the interaction with these products.

1.1 End User

The first step for a successful design is to identify who are the end user to which our
product or service addresses. When it comes to a humanoid robot, of course it can
relate to many different scenarios, but we can identify two main categories:

• Robots designed directly for end users
• Robots that require an intermediate user
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The second group includes those robots that are bought by someone that makes
them available for users. Let us take the example of a robot concierge. The end user
that interact with it is the customer, but the staff has to take care of the robot for all that
concerns the backstage: switching on and off, recharging, storing and in some cases
even programming. Moreover, sometimes these steps are carried out by different
people, as in the case of an intermediary company that takes care of programming the
robot.

Even if also these actions constitute interactions between a human and a robot, for
the design of a usability test it should be considered only the interactions that occur
between the robot and the end user.

1.2 Humanoid Robots

Another significant distinction must be made between two categories of robot:

• Directly Interactive Humanoid Robots
• Indirectly Interactive Humanoid Robots

The second group mostly encloses robots that are remote controlled by a mobile
app, as Pando by Leju, or by a platform, as T-HR 3 by Toyota. In these cases, the
interaction occurs between the user and the tool that allow to control the robot. Cer-
tainly, it is necessary to explore this kind of user experience too [2], but the present
contribution aims to focus just on the interaction that take place between robots and end
users. For this reason, also in this case users that work directly with these types of
robot, as maintenance technicians or developers, will not be taken into account since
they don’t belong to the category of end users.

2 Usability Testing

Given the importance of what stated above, this section provides some practical
guidelines to the design of a usability test of a humanoid robot with end users. Not
having the presumption of solving all aspects about how to test such a complex product,
the scope of usability texting provides useful reference for further insights [3, 4].

2.1 Formative or Validation?

When usability testing is utilized during the design process it is said to be formative,
while when used to validate a nearly finished product’s efficacy prior to release it is
known as summative or validation usability testing.

Since the development of a humanoid robot is a complex and articulated process, it
is best to engage with users since the early stage of the design process. At this stage it is
advisable to focus on what users expect about interaction features instead of appear-
ance. In fact, the latter can be tested with prototype and mockup at a more advanced
stage of the design process. Moreover, in this regard the literature presents many
insight [5], while the UX scope in humanoid robotics is HRI can vary widely
depending on the specific case [6].
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Therefore, at an early stage it is best to organize a focus group in which user can
observe a mockup that show the dimensions of the robot. All the interaction features
should be presented verbally by the moderator, possibly with the help of video that
show pre-existing references. This is very important when the users are not friendly
with the technology, as in the case of elderly.

The moderator should present different example of user flow, also with the help of
storyboards, asking the users if they agree or if they would act differently. Alterna-
tively, some points of the user flow can be left blank and he may ask to the users to fill
them. More elaborate methods as a participatory game design session can be used.

At an advanced stage of the design process a summative usability test can be done
to validate the interaction features as well as the appearance of the robot. The following
paragraphs address this issue more specifically.

2.2 Lab-Based or Field-Based?

As a result of what stated before, a formative usability test should be lab-based. On the
contrary, with regard to summative usability testing, users should interact with the
robot in pseudo-real scenarios. With reference to the factors presented by Hass [7] these
are the motivation behind this choice:

Participant Access and Accessibility. Let’s start with a consideration: every robot
should be designed for a precise environment and end-user. If the robot is tested in that
precise environment, it’s easy to think that the users with which the test had to be done
will be there already.

Interaction Fidelity. A user should act in a more natural way if he comes across a
robot during his everyday life rather than during a testing session that has been
scheduled by time. If participants do not prepare psychologically the event, they will
interact with the robot without bias.

Environmental Impact. In order to ensure an interaction fidelity, the environment
plays a key role. A sterile environment will not facilitate a truthful and seamless
experience and some possible interaction may not be taken into account.

Given the importance of a field-based test, nevertheless most of the research carried
out with robot are lab-based. This is because the following problems:

Control. When designing a usability test, the last thing you want is to have distrac-
tions that may ruin the regular course of the session and invalidate the results. A field-
based study might presents a lot of distractions, so it is of the utmost importance to
prevent them. However, real life is chaotic, so a field-based study with distractions
better reflect the interaction that will occur between user and robot compared to a lab-
based testing. As stated, distractions must be identified in advance in order to remove
noise from the data.

Risk. A lab-based study carries less risks for participants and for the robot. Therefore,
when designing field-based usability testing every risk must be identified in advance
and prevented.
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Observability and Data Capture. A lab-based study allows a more complete record
of data. It is easier to use cameras, microphones and advanced tools as eye trackers. In a
field-based study it can be much more complicated to have a setting that allow to record
all those data. The solution can be found in another key role of usability testing.

2.3 Moderate or Autonomously

Once that the correct location and users have been identified, and the scenario of the
test has been settled, there is still one key factor that miss. Most of the time, when users
first meet a humanoid robot, they tend to attribute to him a high intelligence level and
well-developed interaction features. For example, even if the robot does not have vocal
recognition, they approach it saying phrases like “hello, what’s your name?” expecting
to have a conversation with it. If the robot does not answer, they keep talking to it,
picturing that it has not hear them or that the question was asked in the wrong way.
Maybe the robot does not even speak, maybe it just knows how to play soccer or chess,
but users expect to have with him a human-like interaction, since it is a humanoid. This
is even more true with non-expert user as children, elderly or people with disabilities.

Therefore, it is necessary to have a moderator that introduces participants to the
robot explaining what kind of interactions they can have with it. Given what stated
above, the role of the moderator is also to collect all the possible data about the
interaction. In order to achieve this result, the best choice is to guide the participant
through the session thanks to a pre-designed script. At the same time, the moderator
should fill a format with his observations. It is also useful to have microphones and a
camera that allow the team to re-observe the session at a later time. However, as has
been said it is important to let the participants feel in a comfortable natural environ-
ment, therefore these devices should not be invasive.

3 Usability Test Guideline

This section provides directives and guidelines for the design of a validation usability
test of a directly interactive humanoid robot.

3.1 Sample Size

Different interpretations can be found in the literature about what is the ideal sample
size for usability testing. The use of formulas to calculate it [8, 9] is unwise, since the
complexity of the interaction elements that are tested. For the same reason, instead of
the 5 ± 1 rule [10] it is best to refer to the 10 ± 2 rule [11].

Therefore, the sample size should be of 10 ± 2 participants. After fixing the issues
that have arisen during the test, the latter should be repeated at least three time with the
same sample size of different participants.
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3.2 Location and Recruitment

As stated above, it is best to find participants in a real scenario in which the robot will
be employed. If a robot is designed to operate as a museum guide, it would be possible
to recruit users while they are visiting the museum. For example, at the end of the
exhibition itinerary it may be asked at some customer if they want to visit another room
in which they will be guide through the exhibition by a humanoid robot.

3.3 Duration

Since the test is an unexpected event for participants, it is possible that they don’t have
a lot of time for it. Therefore, it should last preferably less than half an hour thus
divided:

• Welcome, consent form administration and study orientation (5 min)
• Pre-Task professional background interview question (5 min)
• 3–5 Interactive tasks (15 min)
• Post-session interview question (5 min)

Through this time schedule every part should have enough time and, if a participant
has no hurry, the post-session interview can last longer and be more productive in terms
of data collection.

3.4 Invasiveness

To collect data in a closer-to-reality way, it would be better to carry out a contextual
inquiry by shadowing rather than a usability test [12, 13]. Nevertheless, as stated above
the presence of a moderator is essential to ensure the correct interaction way between
participants and the robot. Therefore, the role of the moderator is the key to the success
of the test: he has to guide participants and make them comfortable without interfere in
any way with their actions, as if he were not there.

3.5 Moderator’s Guidelines

Some typical observational goal might be:

• What are participants’ first impression of the robot?
• Are participants able to identify the right way to interact whit it or do they need an

insight by the moderator?
• Are the participants able to complete key tasks in an efficient and satisfying

manner?
• Does the robot stimulate participants to interact with it?
• How do participants interact with the robot? Do they just talk to it or do they also

touch it? Where?
• Are participants more engaged by robot’s voice or movements?
• Do the participants refer to the robot as if they were talking with a person? Do they

show curtesy to it?
• Do the participants understand robot’s instructions?
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• What are the robot’s greatest strengths and weaknesses?

A good way to collect these data is to set some tasks that participants should
achieve, both explicitly and implicitly. For example, one task could be: participants
should understand that they can touch the tablet on the robot’s chest to have a greater
interaction with it. The task should be implicitly and, if participants does not achieve it,
the moderator should show them the features and observe if they use this way of
interaction subsequently.

Other task can be presented in writing or verbally, also by the robot itself. As
participants attempt the tasks, they might be asked to think aloud by voicing their
impression. Once participants have completed a task, given up on it or when the
moderator feels sufficient time has passed to count it as a failure, he should ask some
quantitative and qualitative question as “On a scale of 1 to 10 how easy or difficult was
to complete this task? Why you gave the rating you did?”.

Moreover, the moderator can collect data by filling a pre-built form. In this regard
the moderator can rely on typical elements of usability testing as learnability, effi-
ciency, memorability, errors and satisfaction [14].
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Abstract. Long distance romantic relationships are becoming more and more
common nowadays. There can be various concrete reasons that are the causes
for this occurrence, among the most common, the pursuit of career opportuni-
ties, educational goals, military service, and migratory issues. The aim of this
study is answering the question: how is possible to maintain this kind of rela-
tionship? This is explained from two variables: the first one refers to the tech-
nology advances which help the communication and the second one studied
from the psychological periscope, the romantic idealization. It is approach the
perception of this new type of relationships in the general population. Under-
standing technology influences in human life could help to develop more
technological advances to the people to feel closer and to keep healthy rela-
tionships with themselves and the others, as well, it could bring lights to
counseling and psychological therapy.

Keywords: Long-distance � Romantic relationships � Social networks

1 Introduction

There is an increasing notion that long-distance romantic relationships (LDRs) are
becoming more and more common nowadays [1–6]. There can be various concrete
reasons that are the causes for this occurrence, such as the pursuit of career opportu-
nities, educational goals, military service, and migratory issues, among the most
common.

The literature about long and short-distance romantic relationships’ benefits com-
parison has shown inconsistent results, some studies conducted on college students
revealed similar and even higher levels of quality satisfaction when being involved in a
long-distance relationship [1, 2, 4, 6–8], while others stated that there are more pos-
sibilities of not engaging with the relationship and more chances to break up [3].
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Communication and idealization are two variables of great interest in this study as
predictors of relationship satisfaction. The development of technology in the present
makes possible the interaction between people, even if they are millions of kilometers
away, with this tool many couples in long-distance relationships interact as they are
beside their partners, studied couples in long-distance relationships who spent extended
periods connected by video chat with their partner and concluded that they could feel as
being there and having the supporting and the good times as any other couple that sees
each other every single day, which is beneficial for the maintenance of the relation-
ship. The use of technological advances for keeping people closer such as WhatsApp,
Facebook, Skype, Instagram and others that allow keeping the communication on real-
time between the partners will help the relationship, as well as this virtual connection,
will help to arise the romantic idealization.

Idealization in romantic relationships, refers to the tendency toward positive dis-
tortions that minimize problems, Stafford and Merolla [8] affirm from their study that
long-distance partners engage in significantly more positive relationship rumination
than short-distance relationships, this may occur in two possible routes such as the
cognitive idealization (positive illusions), and the second route termed behavioral
idealization, which emanates from blocked communication, indeed, idealization is the
decision to view the partner positively and focus on strengths as a way to keep the
relationship satisfying and possibly compensate for separation [8], it is important to
mention as well the presence of fewer conflicts especially when they are physically
together, this time is higher appreciated than in couples involved in the short-distance
relationship [3, 4].

For instance, adding long-distance relationships’ facts already mentioned: the short
time the couple spends together, plus the communication through technological
advances, which makes the couple feel like knowing about each other and sharing their
daily life through virtual connection, plus arisen romantic idealization of the time when
they spent apart wishing being together, bring as a result relationship satisfaction,
encouraging them to keep this romantic relationship even kilometers away, as it is
represented in Fig. 1.

Fig. 1. Graphic representation of distance romantic relationship through technology devices

Long-Distance Relationships: Use of Technology 111



2 Method

2.1 Research Design

This is quantitative and descriptive research; it aims to identify people’s perception of
the usage of technology in long-distance romantic relationships.

2.2 Participants

The sample was composed of 152 participants aged between 17 and 60 years, 30.9%
corresponded to females, and 30.9% to males. From the total participants, 55.60%
answered that they have had a long-distance relationship. Participation was voluntary
and throughout this study ethical standards for human research were respected.

2.3 Measures

To measure the participants’ perceptions about long-distance romantic relationships, a
questionnaire with 9 items to assess this construct was built and applied.

2.4 Procedure

This study started with a request for voluntary participation to people that would cast
their perception about the playing role of technology in long-distance romantic rela-
tionships. The application of the questionnaire was possible through the technological
application Google Forms and every participant fulfilled it in an anonymously and
voluntary way.

2.5 Data Analyses

To analyze the obtained data from the participants, statistical techniques such as central
tendency and dispersion were conducted.

3 Results

Following, Table 1 with the values found from the participants’ answers in the ques-
tionnaire applied, is shown.
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Table 1. This table shows the statistical values form the participants’ answers.

Item TD MD NA/ND MA TA

1. Do you think it is possible to
maintain with success a long-
distance romantic relationship?

21.1% 25% 18.4% 28.3% 7.2%

2. Do you consider that using
WhatsApp application would
help to improve couple’s
communication in the long-
distance romantic relationship?

23% 17.1% 13.8% 39.5% 23%

3. Do you consider that
Skype’s video-call would help
to maintain a long-distance
romantic relationship?

9.9% 11.9% 13.9% 41.1% 23.2%

4. Do you think usage of
Facebook application would
help the romantic relationships
through the exchange of
photographs and living
experiences?

21.7% 17.8% 23% 27% 10.5%

5. Do you think that uploading
photos in Instagram would
help in the long-distance
romantic relationship because
partners know about each
other?

29.6% 20.4% 20.4% 22.4% 4.6%

6. Do you consider that social
network usage could bring
troubles to the long-distance
relationships?

3.9% 3.3% 17.8% 35.5% 39.5%

7. Do you consider that long-
distance romantic relationships
could be possible without the
technological advances that we
may count with nowadays?

30.3% 19.1% 17.1% 19.1% 14.5%

8. Do you believe that
applications to find a couple
such as Tinder or Lovoo would
negatively influence in a long-
distance romantic relationship?

8.6% 7.9% 26.5% 23.8% 33.1%

9. Do you think that social
networks could be used as
control devices within a
romantic relationship?

19.1% 6.6% 14.5% 28.9% 30.9%

Key Table: TD: Totally disagree, MD: Moderately disagree, NA/ND: Neither agree nor
disagree, MA: Moderately agree, and TA: Totally agree.
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4 Conclusions

In this study, it has been addressed the role that technology advances play in long-
distance romantic relationships since nowadays human mobility thanks to globalization
and the technological improvements are higher than in the lasts decades, new human
dynamics have arisen and deserve to be investigated. Proposing for the future the
creation of new technological prototypes for people that wants to be closer.

To obtain a closer view of this phenomenon, it was realized a quantitative study
where it was assessed the individual perception about this type of romantic relation-
ship. From the empirical study realized, the results showed that most of the participants
moderately agree with the statement that a long-distance romantic relationship could be
successful. Also, most of the participants moderately agree considering that techno-
logical platforms such as WhatsApp, Facebook, Skype or Instagram would have a
positive contribution to a long-distance relationship to success.

Is important highlighting that most of the participants affirmed convincingly that a
long-distance relationship could not be possible to maintain without the use of tech-
nology, as well as they affirmed that there could be other phenomena that would
influence negatively making the relationship to come to an end, such as the social
networks that offer couples encounters or, once they are in a relationship controlling the
activities that the partner could be doing from the place where he or she by using social
network.

Finally, it is possible to identify from these results that technology contributes to
the maintenance of long-distance relationships, although, this benefit is not absolute
and should be reflected these other situations that could appear affecting negatively. As
future investigation we propose to search in this romantic relationships’ dynamic using
these technological means closer through narrative and experimental studies as well as
where it could be analyzed deeply the meanings emerging from this dynamic in cou-
ples’ relationships mediated by technology, as well as from the psychological peri-
scope, understanding these new types of relationships.
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Abstract. In this project, a human machine interface (HMI) was developed for
programming adjustable frequency drives (AFDs). Frequency drives have a
wide range of industrial applications such as pumping systems, conveyor belts,
ventilation and air conditioning systems, and, in general, applications that
require motors with high torque. Constant pressure pumping systems with
AFDs, for instance, allow working with a proportional integral derivative
(PID) control, providing the system with precise response between the desired
value and the process feedback. In this project, an HMI has been designed to
effectively configure, test and calibrate AFDs for constant pressure pumping
applications. Various alternatives of HMI screens were analyzed using the
prioritization matrix method to determine the most suitable screen. The HMI
interface was developed in the DOPsoft 4 software of DELTA Electronics,
following the guidelines set forth by ANSI/ISA-101.01-2015, to generate a clear
and easy to understand HMI.

Keywords: Adjustable frequency drive � Constant pressure system � Human-
Machine Interface (HMI)

1 Introduction

Adjustable frequency drives (AFDs) in constant pressure pumping systems are used for
the transport of fluids. These systems represent around 20% of the world’s demand for
electrical energy [1]. AFDs allow the system to be controlled when the fluid demand is
variable, allowing its efficiency with an energy saving of between 55% and 69%
compared to systems without AFD [2, 3]. Even though the speed control of three-phase
motors using AFDs is one of the most used control methods, they generally present the
problem of monitoring the operating status and variables in real-time [4]. One way to
solve this problem is to implement Human Machine Interfaces (HMI), which are a
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bridge between the user and the automated control system, where the operator makes
decisions regarding the system control variables [4, 5].

In [6] the design of a constant pressure cooling water supply system for a steel tube
rolling process is presented. It consists of 6 stages: a swirl settling tank, dosing
equipment, chemical degreaser, hot water pool, cooling tower and cooling water pool.
The constant pressure control is carried out by means of the Proportional Integral and
Derivative (PID) adjustment, through the use of a PLC, a frequency variator and a
pressure transmitter. The HMI system was developed in Siemens WinCC V7.0 mon-
itoring software in which parameter configuration screens, alarms, and reports were
designed.

The integration of HMI systems has improved productivity in all kinds of appli-
cations, focusing on the field of automation. In [7] a speed control for three-phase
motors is proposed using a system consisting of an HMI, a PLC, and a frequency
inverter for three control methods: at fixed speeds, open loop, and closed-loop. The
design of the interface was based on the ANSI/ISA-101.01-2015 international stan-
dards, while the ladder programming language used for the control logic algorithms is
based on the IEC-61131-3 standard. The proposed system includes 4 HMIs screens, the
main screen, and one for each control method mentioned above. The tests carried out in
the system allowed monitoring and animation in the HMI as well as the indication of
the logical control rules.

In this proposal, an HMI is designed to effectively program, test and calibrate
adjustable frequency drives in constant pressure systems.

2 Materials and Methods

The HMI system for programming adjustable frequency drives in constant pressure
systems presented below has been developed based on recommendations proposed in
the ANSI/ISA-101.01-2015 standard.

An HMI is developed through a life cycle model, shown in Fig. 1, which
encompasses 4 main stages: system standards, design, implementation, and operation.

The System Standards stage of the life cycle includes the development of: HMI
philosophy, HMI style guide and HMI toolkits. The design stage focuses on four
phases that include the console design, HMI system design, functional requirements
and display design. In the implementation stage, the HMI is integrated into the software
and hardware of the target platform using the results of the previous stages. The stage
of operation includes commissioning, maintenance and even possible dismantling.

This investigation has been carried out accomplishing the four phases included in
the design stage.
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Console Design: For the appropriate hardware selection used with the HMI proposed
system, a prioritization matrix was employed. Based on the proposed methodology in
[9], several HMI alternatives were analyzed with a weighting between criteria for the
selection of the most suitable equipment. In Table 1, the results obtained from the
prioritization matrix are shown, in which the Delta DOP-110CS touch screen has the
most suitable combination of all the criteria. Criteria evaluated were: low cost (taking
into account the value of the equipment in the local market), data management
(evaluating storage capacities, memory, device processor), display characteristics (ac-
cording to the technical properties of the display, lighting, resolution, life hours of the
backlight) and software manageability (taking into account whether the software needs
a license to be used, the technical support available to the user and the accessibility of
programming in specific software).

HMI System Design. The selection of the control platform and HMI operating system
is based on the previously selected hardware. With the Delta DOP-110CS touch screen
corresponding to the DOP-100 series, the DOPSoft V4.0 software is used to edit the

Fig. 1. HMI lifecycle, from [8]

Table 1. Results obtained from the prioritization matrix

Low
cost
28,33%

Data
management
18,33%

Display
characteristics
21,67%

Software
manageability
31,67%

Percentage

1 Eaton
HMIVU10WCUNBE

21,67% 21,66% 25,00% 25,00% 23,44%

2 HCFA TP2510 31,67% 25,00% 18,34% 15,00% 22,28%
3 Siemens KTP900 18,33% 31,67% 28,33% 28,33% 26,11%
4 Delta DOP-110CS 28,33% 21,67% 28,33% 31,67% 28,17%
Total 100%
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HMI screens. This touch screen will be connected to the drive through a Modbus RS-
485 network as shown in Fig. 2.

Functional Requirements. The main work applications of constant pressure pumping
systems in which the frequency inverters can work were identified. The software of
these devices allows working in three modes: simplex control system (individual
pump), Drive to Drive Multiplexing system (multi-pump through network drives),
Single Drive with Constant Speed Lag Pump Multiplexing System (multi-pump
through contactor). Figure 3, presents a simplex control system, consisting of a pump
controlled by a frequency inverter.

Figure 4, shows a Drive to Drive Multiplexing system (left), which allows a con-
nection of the drive system in a Modbus RS-485 network, with a master/slave working
mode for adding and subtracting the pumps, in which each pump is controlled by a
frequency inverter. The Single Drive with Constant Speed Lag Pump Multiplexing
system (right) also uses the master/slave method with the difference that the addition
and subtraction of pumps is carried out by means of a unique frequency inverter
(master).

Fig. 2. Master/slave connection between touch screen and drives.

Fig. 3. Simplex control system.
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Once each working mode has been identified, the parameters corresponding to
constant pressure systems of the frequency inverters are selected to obtain the hex-
adecimal address that will be used in the development of the HMI screens.

Display Design. The design of the HMI is based on technical standards and Human
Factors Engineering (HFE) principles proposed in the ANSI/ISA-101.01-2015 stan-
dard. Screens have been designed for each programming stage of the systems allowing
the user to enter the configuration values sequentially. It also displays alert messages on
the interface when these values are out of the allowed range. The screens enable the
user to see the behavior of the variables, also monitoring trend graphs in real-time and
visualizing the process in a 2D animation. Figure 5 shows examples of the screens
found in the HMI system.

Fig. 4. Drive to drive multiplexing system (left) and single drive with constant speed lag pump
multiplexing system (right).

Fig. 5. Parameter programming screens (left) and simulation (right)
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3 Results

With the development of the HMI, the operators have a system that allows working
efficiently in the programming of frequency inverters in constant pressure systems,
avoiding unnecessary tasks such as searching for parameters in the manuals and user
guides. In this way, the tasks carried out in the programming process were reduced by
38%. This difference is shown in Fig. 6.

4 Conclusions

According to the prioritization matrix selection method, the Delta DOP-110CS touch
screen obtained the best-weighted score (28.17%). This selection process was based on
the evaluation of different criteria such as cost, data management, display character-
istics, and software manageability, which are adjusted to the local market situation.
This equipment is compatible with DOPSoft 4 software, which allows quick and
efficient editing.

The interface programming was carried out under the guidelines adopted from the
ANSI/ISA-101.01-2015 standard, according to the control system requirements, and as
a result, a system of sequential configuration of parameters and online monitoring of
variables was obtained. The HMI designed improves the system operation performance
and an overall reduction in programming sequence of approximately 38% was
obtained.
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Abstract. A data analytics (DA) methodology allows a proper treatment to
obtain the best benefit from the data with the aim of allowing supported business
decisions to be made. However, a DA methodology needs to be continually
reviewed and updated to incorporate standpoint from researchers, in order to
become the most efficient version. Our paper carried out an analysis and eval-
uation of the first phase of a selected DA methodology called MIDANO
applying qualitative techniques to reach an improved version. The analysis and
evaluation process were applied through a focus group discussion from the
results obtained during the implementation of a case study. The upgraded DA
methodology, as a result of the qualitative analysis, was related to the nine
attributes extracted, classified, and validated from a user-centered design process
previously studied, and based on ISO 9241:2010 standard, in order to obtain a
DA methodology participatory, adaptable, efficient, collaborative, and easy-to-
apply.

Keywords: Data Analytics Methodology � Qualitative evaluation � User-
centered design � MIDANO

1 Introduction

Data analytics is the process of seeking knowledge in the data, in order to make a
better-supported business decision. The data is collected, refined, and analyzed,
depending on organizational needs [1, 2]. A DA methodology can be used to improve
operational efficiency in any process, responding quickly to emerging market trends
and gain a competitive edge over rivals.

Processing data massively is a strong complexity faced by specialists who invest
time, knowledge, and company money to apply DA Methodologies. However, these
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methodologies cannot always be easy to execute, feasible to apply in different sce-
narios, adjusted to organizational cultural changes, lacked verification of data validity
or protection, among other problems, and the result is a waste of company resources.

For this reason, in this work, analysis and evaluation of a specific DA methodology
are carried out through qualitative evaluation techniques to identify gaps, initially on its
first phase of identification of the context and where can be applied DA processes,
applying recommendations by means of the addition of forms based on the user-
centered paradigm to develop its new version, which will be used in our proposal to
build a user-centered DA methodology.

The rest of the article is structured with a section that introduces the DA
methodology; followed by an explanation of the qualitative evaluation technique used;
then the first phase of the DA methodology will be applied in a case study; next, the
evaluation, the discussion and proposal of this research are shown; and finally, the
conclusions are presented.

2 Review of the Selected Methods

Our research is based on the study of information systems and, in particular, on the
study of three domains that are data analysis, qualitative evaluations, and user-centered
design; the selected data analysis methodology is MIDANO, which is used to develop
data mining applications based on organizational analysis [3], it will be evaluated
twice, first through a qualitative methodology, designed to study people and understand
their social and cultural phenomena [4]; and second, through a user-centered
(UC) methodology based on the ISO 9241-210: 2010 standard [5]. These aspects are
presented below.

2.1 Data Analytics Methodology

Several assertions have been made about the definition of DA. However, the official
concept is according to [6], “data analysis refers to the quality and quantity of data
extracted and categorized from various resources to analyze the structural behavior and
pattern of the environment”.

DA Methodology MIDANO integrates the stages of organizational knowledge to
identify and conceptualize the solution of a problem from the perspective of developing
applications based on data mining, for processes of any institution/company. MIDANO
is composed of three phases, which are: Identification of the sources for the extraction
of knowledge in an organization, Preparation and treatment of Data, and Development
of data mining tasks [3].

For this work, we focus on the first phase and its five stages, which are: Knowledge
of the organization (F1S1), Characterization of organization processes (F1S2), Feasi-
bility analysis and process selection (F1S3), Determination of the possible Data
Analytics tasks (F1S4), and Formalization of Data Analytics tasks (F1S5) [3]. This
phase’s objective is to know the organization structure as well as its processes, in order
to define the objective of the possible application of the DA, and through the knowl-
edge engineering, to propose specific and clearly defined activities and steps to identify
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where to extract knowledge in an organization/company, letting a proper interaction
between developers’ and organizational process experts. The phase 1 summary is
shown in Table 1.

2.2 Qualitative Evaluation Technique

Qualitative data analysis involves inductive reasoning processes to interpret and
structure the meanings that can be derived from data [4]. In a qualitative evaluation,
understanding and interpreting the data is a predominant factor from the participants’
perspective. Qualitative methods, both for data collection and evaluation, include
interviews, group discussion, observation, and relevant documents analysis, which
through a systematic process allow the researcher to understand the problem [4].

For this work, the implementation process of this phase of MIDANO was applied
in the case study.

Table 1. Stages and steps from phase 1 [3].

1st step - Objective 2nd step - Product 3rd step - Protocol 4th step - Activities

(F1S1) To know the
organization

An organizational
structure
document

Data collection
through questions

Schedule meetings,
analyze existing
documents, collect
information

(F1S2) In-depth knowledge
of the processes to
work

Workflows,
models and
activities
diagrams

Questions to know
processes, data
sources, and existing
technology

Produce a detailed
document, study the
processes, clarify
doubts

(F1S3) Analyze the process
to know the
feasibility of
applying DA tasks

Chart with
processes
evaluation

Questions to review
processes and their
importance. Analyze
data sources. Apply
an amount equation

Analyze the
processes and solve
arisen doubts

(F1S4) Distinguish possible
DA tasks

Functional
requirements, use
cases graphs,
scenery charts, all
in order to apply
DA

Identify involved
people, current and
future scenarios
charts, and
technological
improvement

Generate a
requirements sheet,
use case graphs,
users involved, and
improve documents
to become DA goals

(F1S5) Define final and
formal DA’s
problems

The formal
document
specifying
problems

A processes
information report,
operational
problems
description, and
usability and charts
DA tasks

Develop the formal
document approved
by stakeholders
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2.3 User-Centered Design Process

UCD is a dimension used to adapt to the user’s perspective a design, to guarantee their
satisfaction, usability, and better learning experience, in the processes implemented.
UCD can be used to create and validate through experimental protocols in a partici-
patory manner [7], as well as serious educational games design [8]. However, UC
criteria are not usually present in a DA Methodology [9].

ISO 9241:2010 standard “Human-centered design process for interactive systems”,
the objective of the standard is to describe an iterative development cycle to explain the
processes and characteristics of user-centered design, to ensure that the development of
the systems consider the needs of the user, the developer, and the owner, as well as
specify the context in which the product will be used, based on these needs [5].

The attributes proposed by the standard are Product-orientation towards the user
(UC1), User satisfaction (UC2), Company satisfaction (UC3), Usability tests (UC4),
User Evaluations (UC5), Effectiveness and suitability of tasks (UC6), Process
improvement (UC7), Adaptability to change (UC8) and Easy implementation (UC9).

3 Study Case Application

The DA methodology was applied in a professional training center that offers training
services, through 30 bi-monthly courses, and has more than 30,000 students per year.
Phase one implementation of the DA methodology produced information collected
through meetings, and in some cases, using forms with questionnaires, diagrams, and
formulas. The five-stage activities are superficially described in Fig. 1.

(F1S1) (F1S2) (F1S3) (F1S4) (F1S5)

- Objectives, 
processes, ob-
jects and actors
- Technological 
infrastructure, 
commercial 
strategies, prod-
ucts, operational 
documentation, 
SWOT diagnosis 

- Needs and the 
business opera-
tion
- Familiarization 
of the data 
sources
- Technological 
tools related to 
critical processes

- Evaluate se-
lected processes 
to determinate if 
accomplished 
the requirements 
to apply the data 
analytics tasks

- Flow charts
- Identify the 
users involved
- Operational 
requirements 
document
- Use case dia-
grams and tables 
with current and 
future scenarios

- The formal 
document of 
whole DA im-
plementation
- Conceptualiza-
tion of the pro-
cesses to be 
studied and 
operational 
problems

Fig. 1. Implementation of the five stages of the first phase in a case study.
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4 Analysis, Evaluation, and Upgrading

As a first iteration, only the UC criteria of UC1, UC6, UC7, UC8, and UC9 were added
to carry out the update process; the remaining UC criteria (UC2, UC3, UC4, and UC5)
will be applied at the end of the remaining two phases. However, each UC criteria will
be constantly evaluated during the implementation process.

The final result of this process produced nine documents where work was done on
the new approach of several questions, the evaluation of the criteria for the selection of
implementation scenarios, the inclusion of qualitative comparison factors, the analysis
of formulas weighting, and classification of measurement ranges. Moreover, to improve
the administrative tasks, standardized and instructive codes for document management
were defined, which included glossaries, responsibility signatures, and other elements.
All these resources will be reviewed at the end of the implementation of the three
phases. More detail is shown in Table 2.

Table 2. Analysis, evaluation of an upgrading process.

Analysis & Evaluation Improvements

General * Does not have a logo * Outdated
formal version (2014) * Outdated and
non-didactic graphics * Drafting errors
and terms confusion * Uncoded files *
Undefined standard

Update documents and graphics *
Design format standardization and
define adequate file codification *
Apply orthographic and semantic
corrections * Design a meeting control
form * UC1–UC6–UC7–UC8–UC9

(F1S1) * Just four questions to collect data *
Only a single meeting planned *
Delegates profile undefined

Add 46 question to data collection *
Planned meeting schedule * Company’
delegates ideal profile * Formal stage
document * UC1–UC6–UC7–UC8

(F1S2) * The functionality of all processes is
unnecessary * The word
“characterization”

Stage focused on critical process *
Terms redefinition * Formal stage
document * UC1–UC6–UC7–UC8–
UC9

(F1S3) * The formula to evaluate the
processes must be rethought *
Consider more criteria for evaluation

Question restructuring using checklists
* Selection criteria’ evaluation * Two
formal stage documents * UC1–UC6–
UC7–UC8–UC9

(F1S4) * The questions are poorly redacted *
Selection criteria are the same * Not
depth enough questions

Questions correction * Question
restructuring using checklists *
Selection criteria’ evaluation * Charts
and graphs added * Three formal stage
documents * UC1–UC6–UC7–UC8–
UC9

(F1S5) * Not enough explanation to run the
task

Charts organization * Add activities to
stage steps * Formal stage document *
UC1–UC6–UC7–UC8–UC9
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5 Conclusions

According to the analysis, evaluation, and upgrading carried out through the review of
the stages of phase one, we conclude that it is necessary to continue applying the
process in the following phases.

Qualitative evaluations provided added value in improving the DA methodology,
through restructuring its activities and generating standardized, coded, and updated
formal documents, which expands its applicability and adaptability in other contexts.

Applying UC criteria in the first phase will facilitate the implementation process for
gathering information, will motivate the stakeholders’ satisfaction, and the effective
fulfillment of the tasks.

Once the process has been completed in all phases of the DA methodology, the
improved methodology will be implemented in new study cases to achieve our main
objective which is to accomplish a Participatory Data Analytics Methodology.
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Abstract. Measurement is foundational to learn, research, and design an arti-
ficial system. Precisely measuring human factors especially human mind in
systems is a common and important problem. Basically, the measurement
methods are categorized as either objective or subjective measurement.
Recently, tendency is emerging that objective measurement is preferred widely
but subjective measurement is despised. To judge the tendency, this paper
revisited the basic concept of measurement first, and re-declared the definition of
objective and subjective measurement. Tools of measurement were also dis-
cussed generally. Second, four criterions were proposed to judge a measure-
ment, and a review of the debate between the two measurements shows that
subjective measurement is the counterparts of objective measurement. Choice of
one from the two depends on specific applications. This paper further discussed
the application of subjective measurement. Three challenges were proposed
which are still open to address. In conclusion, further researches on subjective
measurement is indispensable.

Keywords: Subjective measurement � Objective measurement � Human mind �
Human factors � Subjective information processing

1 Introduction

In science, technology and engineering, measurement of a system is fundamental,
secondary to its definition. For example, certain temperatures need to be measured to
make a temperature control system function well, the internal pressure of a pressure
vessel needs to be measured to guarantee the equipment to be safe, the users’ fatigue
level or mental workload needs to be measured during human-machine interaction to
avoid human error, etc. Obviously, human-machine system is special due to human
factors involved. How to measure human factors especially human mind in such a
system precisely is basic and important.
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2 Concept Revisit: Measurement and Its Categories

Generally, measurement can be defined as: the assignment of a number by an
assessor to the state of a real world object such that the states can be ordered [1–
3]. It implies that to a set of states of a real world object oi (notice: for the simplicity of
notation, oi represents a state of an object as well when there is no confusion) and a set
of numbers ni, measurement is to build a mapping denoted by£ from oi 2 O to ni 2 N
with n1 [ n2 [ � � � [ nn without loss of generality (i.e., other orders may be possible).

There are several remarks on the definition of measurement: (1) through mea-
surement, the complex entities in the real world are described by numbers that one
entity can be distinguished from others in a sense of order, and relations among the
entities are developed by mathematical laws [1, 3]; (2) the feature of number is
inherently crisp and precise [4]; (3) to make measurement meaningful, a clear definition
of concept on the set O should go first. A single individual with no context is not
meaningful [1, 5, 6]; (4) fundamentally, the way to assign numbers to real world
objects is to compare an unknown object with a predefined reference or criterion [2, 3].
In science, the reference should be always precise. A comparison is conducted by tools
or instruments, such as the scale, thermometer, and so on.

Basing on the above discussion, five basic elements can be identified to construct a
measurement (Fig. 1): (1) target, a real world entity to be measured; (2) assessor, a real
world entity that conducts the measurement task which can be either a machine or a
human being; (3) criterion, a predefined reference to be compared with by the target;
(4) instrument or tool, a vehicle carrying the criterion in it, which is operated by the
assessor to accomplish a measurement with its certain structure and specific procedure;
(5) environment, a context in which the whole measurement task is performed, which
contains disturbances or noises to the measurement in it.

Categories. Measurements can be classified into two categories based on the assessor
and instrument elements. One category is such that human judgement takes an active
role; the other category is such that the human plays a passive role1. The first category
of measurement is called objective measurement and the second category of

Fig.1 Five elements structure model of a measurement

1 Passive role refers to the role of collecting data, but active role refers to cognitive actives such as
decision making, inferencing and predicting. Sometimes, passive role can be replaced by a machine.
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measurement is called subjective measurement [5, 7, 8]. One can define an attribute
Nha which refers to the number of human of active role involvements in coming up
with the measurement results. Then, objective measurement can be defined as: a
measurement that is independent of human subjective biases (i.e., Nha ¼ 0); sub-
jective measurement can be defined as a measurement that is dependent on human
assessors’ subjective biases (Nha ¼ 1; 2; � � �). In subjective measurement, Nha [ 0. It
is noted that people tend to express their subjective bias by words rather than (crisp)
numbers. In short, subjective data (information and knowledge) [9] is imprecise and
(human) individual-dependent, while objective data is precise and (human) individual-
independent.

Objective Measurement. Kerlinger [10], Sirohi and Radha Krishna [11] have
described objective measurement in terms of reliability, i.e., objective measurement is
repeatable consistently to maintain a same result (numbers) within a significant con-
fidence level, usually no less than 0.95. The reliability of objective measurement relies
on that (1) it has golden reference, which is independent of human active involvements,
and (2) the comparison with the golden reference to get a measurement result is
independent of human active involvement [11]. The representative instruments of
objective measurement are physical facilities such as ruler, clock, voltmeter, and other
complex equipment. Once a person has learned how to use these instruments correctly,
he/she can do a reliable and valid subjective measurement.

Subjective Measurement. Unlike objective measurement, subjective measurement
relies on human’s subjectivity: (1) Subjective measurement has no universal golden
reference. As the reference is existed in a human assessor’s mind, it is imprecise and
individual dependent; (2) the comparison between a target object and the reference is
conducted within the human assessor’s mind. From (1) and (2), it can be concluded that
subjective measurement is more difficult to get a consistent result (numbers) when
measuring repeatedly [12, 13]. The confidence level of subjective measurement results
is generally lowered than 0.90, sometimes even to 0.8.

For subjective measurement, the most widely used tool is rating scale. Generally, a
rating scale is composed by five parts: (1) polar, the number of which can be 0, 1, or 2,
(2) axis, (3) bars with values, (4) intervals between two bars, (5) verbal labels. People
use rating scales to rate the verbal label on the scale and directly get a corresponding
number result. Figure 2 shows an example of rating scale, called Likert scale [14].

Fig. 2 An example of Likert scale with structure description
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Unlike objective measurement, the instrument of subjective measurement includes
two sub-parts: human mind and entity tool). Human’s mind carries the criterion (ref-
erence) and conducts the measuring comparison; entity tool helps to generate and
display the measurement result (numbers). It is noted that “entity tool” is optional,
because in some conditions, people just report numbers directly without a rating scale,
see example in [15].

3 Debate Between Objective and Subjective Measurement

It makes sense to ask which one is better when measuring human mind, objective
measurement or subjective measurement? There is a debate in literature.

Criterion. To judge a measurement, four criterions are proposed: (1) validity, which is
the quality of being correct or true, i.e., a measurement can accurately catch and report
what it is mean to measure. It covers accuracy; (2) reliability, which is repeatable in
consensus no matter which assessor takes the measure and what time the assessor
measures as long as the target to be measured is in a same context. The more reliable,
the better; (3) sensitivity, which refers to how small a change in target can be measured
and is also called resolution; (4) usability, which is of utility, easy to use, efficiency
friendly, and costs saving [16]. In general, it is wished to get a valid and precise
measurement result (numbers) that can be repeatedly verified, limiting the human
subjectivity factors in a reasonable level, sensitive to changes, and usable.

Debate. Recently, tendency is emerging that objective measurement is preferred
widely but subjective measurement is despised. However, it is not reasonable to say
objective measurement or subjective measurement is better without any context.

On one hand, the use of subjective measurement is challenged by the calls that
purely objective measurement should be taken instead. In literature [17, 18], the voices
of opposition to subjective measurement are mainly that: (1) it is easy to change with
many influencers; (2) it is individual dependent; (3) it is difficult to aggregate and
interpret because of its ordinal scale. In a word, subjective measurement is criticized to
be worse than objective measurement mainly due to its unreliability and difficulty to
aggregate a result.

On the other hand, many scholars still support subjective measurement to be an
irreplaceable and significant measure. The work of Jennings [18] proved that, in
administration, both the objective and subjective ways were statistically reliable with
no significant differences. Diener and Eunkook [7] argued that, in social science,
subjective indicator measures contain information that is not contained in the other
measures. In psychology, subjective measurement is most utilized [19]. Solomon et al.
[20] even argued that, in Clinical Psychology, subjective indicators were stronger
predictors than objective indicators. Although all the critical observations on subjective
measurement seem true, data from subjective measures can be informative. Especially
when measuring some unobservable and vague targets that objective ways cannot work
availably, subjective measures can then perform better. Subjective measurement is the
counterparts of objective measurement [13].
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Moreover, some researches call for concerns about the criterion to judge a mea-
surement. Arbitrarily conclusion is not recommended [5]. Rothstein [6] argued that it is
the error issue that we should concern about, and the error is relatively tolerable. Any
measurement is good and significant as long as it is able to meet the specific goal of
measure task in terms of reliability. There has been effort on combining the subjective
measurement method and the physiological measurement method [21].

In summary, both objective and subjective are meaningful, and choice of one from
the two depends on specific applications.

4 Application of Subjective Measurement

Besides the traditional application areas, such as arts, social science and psychology
[7], subjective measurement gradually spread to new areas, such as informatics,
knowledge engineering, and artificial intelligence (AI). New applications mainly are:
(1) expert opinion consensus making, (2) group decision making, (3) inference [22],
and (4) prediction. All the four new applications have a target system along with its
domain and have humans as an assessor. Meanwhile, there is no first principle
knowledge available for the assessor to conduct their activities but empirical
knowledge.

Challenges. There are a couple of general challenges in subjective measurement along
with its applications. The first general challenge is how to form a golden reference or
criterion. This challenge is related to the (entity) tool, e.g., rating scale, in particular the
structure of rating scales and the process of building the structure. The second general
challenge is how to let the assessor accurately express opinions. The third general
challenge is how to aggregate different assessors’ opinions or rankings or inferences or
predictions into one opinion or ranking or inference or perdition. This challenge is in
fact related to the above four new applications of subjective measurement. A prelimi-
nary study of literature has shown that the aforementioned three general challenges are
still open to address. The specialized goal for subjective measurement is to reduce the
objectivity in measuring process.

5 Discussion and Conclusion

From the discussion above, it is clear that subjective measures have a unique position in
dealing with the measurement problem to which there is no direct objective measure.

Although indirect objective measurement (physiological signal measure such as
heart rate, blood pressure, etc.) is becoming more and more popular, its validity has a
certain problem [23]. That is changes in physiological signals actually have many
stimuluses, not only mind states. It is hard to determine a complete set of signals
canonical to the human mind factor. Besides, the physiological measurement method
usually costs high and more difficult to learn and use.
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In summary, subjective measurement is a valuable methodology and it is important
to the applications in human-machine systems. It should More researches to improve it
is of significance.
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Abstract. The virtual university education required by the global pandemic has
promoted the use of virtual platforms such as moodle, which allows for per-
manent interaction with the student. The influence of the independent variable
called “Emotional motivation” was measured, which has as a stimulus the
application of a reading about all the biblical verses that mention wine, con-
sidering as a dependent variable “Empowerment of learning about wine tech-
nology” as well as in the levels of the variable: “Cognitive” and “Previous
knowledge”. The objective was to determine if a relationship existed between
both variables. In the results of the dependent variable, there was a decrease in
the low and middle levels; and an increase in the high level. Applying results of
the pre-test and post-test, the chi-square test determined that in the dependent
variable, if there is significant difference so the alternative hypothesis is accepted
and the null hypothesis is rejected.

Keywords: Learning wine technology � Emotional motivation � Moodle
platform

1 Introduction

The global Covid 19 pandemic that forced us to stay at home, determined new
mandatory teaching strategies, among which is distance education through the virtual
platform moodle [1]. Likewise, it was found that in texts cited by the Bible [2] there is
information related to food science and technology, which could be evaluated in wine
technology, which corresponds to the first topic of the Food Technology II course
taught at the Faculty of Food Engineering of the Universidad Nacional de Frontera [3].

Given the impossibility of physically interacting with the students of Food Tech-
nology II [4] and the obligation they have to use the virtual platform moodle for the
development of the teaching-learning process [5], it generated the purpose of the
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research, on how it could influence the knowledge of the state of technology and the
knowledge of that biblical era, achieving an emotional impulse [6] that could empower
the student during the learning of the subject.

2 Methodology

2.1 Hypothesis

Alternative hypothesis (Ha): If emotional motivation [7] is applied then empowerment
of learning about wine technology [8] will be enhanced.

Null hypothesis (Ho): If emotional motivation is applied then empowerment of
learning about wine technology will not be enhanced.

2.2 Type of Study

By nature of research, it corresponds to applied research.

2.3 Study Design

An experimental design ˃ pre-experimental ˃ pre test - post test design with a single
group has been identified [9].

GE O1 X O2

Where:

GE = Represents the experimental group.
O1 and O2 = Measures obtained to the dependent variable by means of a pre test
and a post test to the experimental group respectively.
X = It is the independent variable or stimulus.

2.4 Experimental Group

The experimental group corresponds to 21 students out of a total of 26, ages 21 and 22,
enrolled in the subject of Food Technology II at the National University of Frontier,
who were able to use the moodle platform adequately, answering the pre and post test,
who have wine technology as their first learning.

2.5 Experimental Procedure

The experimental procedure for measuring results consists:

a) Determine the experimental group.
b) Apply the pre test instrument using platform moodle.
c) Application of the independent variable using platform moodle.
d) Apply the post test instrument using platform moodle.
e) Data analysis.
f) Comparison of results.
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2.6 Variables

Independent Variable: Emotional motivation [10].
Half an hour reading of biblical verses that have as reference the corresponding wines
according to the book and quantity: Genesis (5), Exodus (1), Leviticus (2), Numbers
(6), Deuteronomy (10), Joshua (2), Judges (4), I Samuel (6), II Samuel (2), II Kings (1),
I Chronicles (2), II Chronicles (5), Ezra (1), Nehemiah (9), Esther (4), Job (3), Psalms
(3), Proverbs (7), Ecclesiastes (4) Song of Songs (6), Isaiah (18), Jeremiah (11),
Lamentations (1), Ezekiel (1), Daniel (7), Hosea (5), Joel (3), Amos (5), Micah (1),
Habakkuk (1), Zephaniah (1), Haggai (2), Zechariah (3), Matthew (2), Mark (2), Luke
(4), John (3), Romans (1), Ephesians (1), I Timothy (3), Titus (2), Apocalypse (7).

Dependent Variable: Empowerment of learning about wine technology. The opera-
tionalization of the dependent variable is shown in Table 1.

2.7 Instrument

The quantified variable called Empowerment of learning about wine technology,
evaluated by the preference scale instrument [11] called “Survey of ancient wine
technologies”, has 9 actions. Here the two levels of variable are evaluated, the first one
called “Cognitive” (Actions 1, 8, 9) and the second level called “Previous knowledge”
(Actions 2, 3, 4, 5, 6, 7).

The scale of personal preferences or values is shown below.

0% ! It means none.
25% ! It means a little.
50% ! It means more less.
75% ! It means mostly.
100% ! It means totally.

Table 2 shows the nine actions applied in the instrument denominated survey of
ancient wine technologies, in which it indicates that “Respond with your personal
appreciation, you are not qualified” and “Type an X in only one category per question”:

Table 1. Operationalization of the dependent variable.

Dependent variable Variable
level

Categories Instrument

Empowerment of learning about
wine technology

Cognitive
Previous
knowledge

Low
Middle
High

Survey of ancient wine
technologies
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2.8 Data Analysis

IBM SPSS Statistics version 22 statistical package was used to determine the cross
tables and chi-square test.

3 Results

The results of the instrument applied as pre-test and post-test to form the cross tables
are shown below.

At the level of the dependent variable “Cognitive”, the same Low category was
maintained at 23.8% (Pretest and post test had the same value), likewise the Middle
category decreased by 14.3% (Pretest 19.0% - post test 4.8%), while it increased in the
High category by 14.3% (Pretest 57.1% - post test 71.4%).

At the level of the dependent variable “Previous knowledge”, the Low category
decreased by 33.3% (Pretest 47.6% - post test 14.3%), likewise the Middle category
decreased by 4.8% (Pretest 33.3% - post test 28.6%), and the High category increased
by 38.1% (Pretest 19% - post test 57.1%).

In the dependent variable “Empowerment of learning about wine technology”, the
Low category decreased by 19% (Pretest 38.1% - postest 19%), the Middle category
decreased by 19.1% (Pretest 42.9% - postest 23.8%), and the High category increased
by 38.1% (Pretest 19% - postest 57.1%).

Table 2. Survey of ancient wine technologies.

N° Actions Rating
0% 25% 50% 75% 100%

1 How motivated are you to learn about
alcoholic beverage production technology?

2 How much do you know about grape
harvesting? [12]

3 How much do you know about the winery?
4 Do you know if alcohol can exist in the

grape of a vine?
5 How much do you know what the wineskins

were used for?
6 How much do you know what the hides

were for?
7 How much do you know what the jars were

for?
8 Would you be interested in knowing how

they produced wine in order to compare it
with today’s technologies?

9 Would knowing how long wine has been
made motivate you to learn alcohol
technology?
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4 Discussion

The chi-square value (X2) was determined for the level of variable “Cognitive”
(Table 3), with the value obtained being 0.344 value greater than 0.05, demonstrating
the proof that the null hypothesis is accepted and the alternative hypothesis is rejected;
therefore, the independent variable “Emotional motivation” doesn’t significantly
influence the dependent variable “Empowerment of learning about wine technology”
with respect to the level of variable “Cognitive”.

The chi-square value (X2) was determined for the level of variable “Previous
knowledge” (Table 4), being the value obtained of 0.020 value lower than 0.05,
demonstrating the test that the null hypothesis is rejected and the alternative hypothesis
is validated; therefore the independent variable “Emotional motivation” does signifi-
cantly influence the dependent variable “Empowerment of learning about wine tech-
nology” with respect to the level of variable “Previous knowledge”.

The chi-square value (X2) was determined for the dependent variable “Empower-
ment of learning about wine technology” (Table 5), being the value obtained of 0.039
value lower than 0.05, being the test significant, so the null hypothesis is rejected and
the alternative hypothesis is validated, resulting that the independent variable “Emo-
tional motivation” does significantly influence the dependent variable “Empowerment
of learning about wine technology”.

Table 3. Chi-square test for the level of variable “Cognitive”.

Value df Sig. asymptotic (bilateral)

Pearson’s Chi-square 2,133 2 .344
Plausibility ratio 2.261 2 .323
Linear by linear association .292 1 .589
Number of valid cases 42

Table 4. Chi-square test for the level of variable “Previous knowledge”.

Value df Sig. asymptotic (bilateral)

Pearson’s Chi-square 7,846 2 .020
Plausibility ratio 8.240 2 .016
Linear by linear association 7.630 1 .006
Number of valid cases 42

Table 5. Chi-square test for dependent variable “Empowerment of
learning about wine technology”.

Value df Sig. asymptotic (bilateral)

Pearson’s Chi-square 6,476 2 .039
Plausibility ratio 6.704 2 .035
Linear by linear association 5.090 1 .024
Number of valid cases 42
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5 Conclusions

There was a significant difference in the application of the independent variable
“Empowerment of learning about wine technology” over the dependent variable
“Emotional motivation”, verifying that the chi-square value obtained of 0.039 is less
than 0.05, so the null hypothesis is not considered and the validity of the alternative
hypothesis is recognized. Engineering students are not motivated by cognitive aspects,
but they are motivated by knowledge of technology when they finish reading and
analyzing Bible verses.
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Abstract. This paper connects researchers from two different areas of expertise
– Architecture/CIM (City Information Modeling) software and Design – by
using the concept of the Trojan Horse to develop a common project. The
concept is used experimentally to get a different insight on these two knowledge
areas and as a method to research the impact of scientific knowledge on the two
specific academic communities by intersecting very specific digital features from
both knowledge areas. Computer analysis can help to stop or at least mitigate
human failures as methods and analysis can be speeded up immensely. This
research stems from a conversation between CIM and Design to improve the
city analysis and modeling tools by looking into design thinking and design
methods as a means for searching for better interfaces and human systems
integration.

Keywords: Human factors � CIM � Human-systems integration � History of
design � Design

1 Introduction

Science and design share themes and objects of study but their goals differ in an
essential aspect: science aims at understanding the real world and respective phe-
nomena while design aims at developing methods and ideas to change the world and
most essentially through the production of artefacts. Cities are probably one of the most
complex artefacts resulting from human venture. To begin with, cities are themselves
complex compounds of human artefacts. They are both products of design and objects
of scientific study. Their complexity is envisioned as one of the most complex systems
for which science has not yet produced methods and tools for a complete understanding
of urban phenomena [1, 2, 12]. Still we endeavour to further build and reshape our
cities to better respond to our needs. Designing cities is therefore a complex challenge
encompassing the need to understand the urban phenomena through science in order to
change it through design. Consequently, we need better tools and methods to address
the challenges posed by the need to further develop our cities.

City Information Modelling (CIM) [3] is a concept developed at the intersection of
science and design where analysis tools are connected with design tools. The concept
brings together two types of tools committed to cover the activities of (1) urban analysis,
(2) design (supported by automated generation), (3) evaluation and (4) simulation as an
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integrated compound of the previous three activities. The idea defended by the followers
of this concept puts together an interoperable platform including, geographic information
systems (GIS), generative and parametric design tools, data analysis tools and visual-
ization tools.

Design is a discipline focused on a “user”, meaning that it aims to provide solutions
for particular situations focusing on people’s life quality improvement. Design can act
as a transference mode of ideas and information between CIM and everyday life, thru
communication connecting humans, artifacts and their use.

2 Lessons from Greek Antiquity: A Research Concept

The mythological tale of the Trojan horse tells about an intrusion strategy. In the
canonical version, after a fruitless 10-year siege, the Greeks constructed a huge wooden
horse, and hid a select force of men inside, including Odysseus. The Greek army
pretended to sail away, defeated, and after their departure the Trojans pulled the horse
into their city as a victory trophy. That night the Greek force crept out of the horse and
opened the gates for the rest of the Greek army, which had sailed back under cover of
night and destroyed the city of Troy. The similarity of this intrusion strategy to
algorithms designed to invade people’s computers have named such algorithms as
‘Trojan horses’, even though many of these were actually conceived more as parasites
that install routines or attribute processing space for purposes designed by the intruder
such as unauthorized crowd computing. Many people inadvertently carry these parasite
algorithms in their computers without even noticing. Inspired on this concept we
designed a fake paper as an intruder in a supposedly serious scientific conference. The
main objective is to prove that some conferences don’t have basic mechanisms to
prevent fraud and are designed to support a science business based on bibliometric
evaluation of supposedly serious scientific production with the purpose to conceal the
difficulty in attaining mandatory productivity requirements. The concept can be used in
very different contexts and this paper explores precisely the cracks in the system.

Our lives are partly decided by bibliometric achievements: conferences, papers,
journals, books are all part of a classification structure upon which the careers of
university teachers rely on. Performing well in academic context is, in great part,
measured by the number of scientific publications produced per year. This leads into an
avid system of publication and of structures (conferences, journals, books, editors, etc.)
that facilitate the means for publication. Such a voracious environment and low ethics
procedures can foster in a highly saturated production environment.

3 Method

The methodological difficulty presented by the objective, deals with the somehow
paradoxical need of keeping this article’s structure scientifically plausible for its goals
while keeping it unacceptable enough to claim it as a Trojan horse designed as “doping”
for bibliometric performance. The applied method must be undoubtedly conductive to
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demonstrable conclusions. Therefore, we set out the following method vaguely inspired
by quantitative methodologies used in design research as described by [10].

Firstly, we had to filter the possibility that, even though a selection process could be
irresponsible and not very strict, still, organizers could accidently read diagonally the
key elements. Therefore, the method had to consider that both abstract and introductory
sections should have a seemingly serious scientific approach to an acceptable topic
within the conference’s theme, adding some foggy but acceptable conclusions.

Secondly, the paper should present a scientifically thorough methodology deter-
mined to be replicable by other researchers when addressing a similar research prob-
lem. The following three sections of the paper (4, 5, and 6) were designed to be false or
unacceptable scientific research and structured in the following way: (1) the first pre-
sents a self-plagiarism without presenting it with any formal quotation; (2) the second
does the same but presents a google automatic translation taken from a paper section
written in a foreign language; (3) the third section is an automatically generated text
that makes no sense at all. These sections were chosen to somehow connect themati-
cally speaking to the topics introduced in the paper’s first page, just to avoid the
eventual choice that some absurd term could trigger an otherwise unwillingness to
conduct a serious review. This should not however make much difference regarding the
main argument because for all purposes there is no scientific procedure present in such
process. Still, the idea is to make it look normal at sight without adding any kind of
novelty or pertinent information and intentionally using badly written English. After
these sections the paper presents a discussion on the results defining all possible
outcomes, which are in this case rather predictable and defining the logical conclusions
for each outcome. The final section of the paper though, is designed to elude a true
conclusion, returning to the line of reasoning presented in the introduction in order to
create the impression on a reviewer using the technique of reading only abstract,
introduction and conclusion that the paper reports a scientifically sound research with
plausible conclusions. Indeed, in such case, there will be a plausible conclusion but not
the apparent one. The paper is embellished with references, that were already in the
original texts or were just added to make a verisimilar reference section.

Thirdly this paper will be submitted to ten conferences, ideally 5 from each research
areas (design and architecture); the first three submissions will act as pre-test: if
detected in the three, the researchers will abort the project; if it goes undetected in at
least one of the submissions, it will be carried on without any kind of modification
except the title, so we can have a quantitative measurement of the problem with a
minimum of 10 tests. Results will be compiled and analyzed in a quantitative matrix,
and considered to a further paper about the topic with the purpose of improving and
enhancing good scientific practices in the field.

4 City Information Modelling

In this section we present a set of theoretical elaborations on the concept of CIM – City
Information Modelling – presenting a continuous text, not properly quoted, a self-
plagiarism of one of the main researchers on the topic (from: [3]). The purpose in this
case is to show that plagiarism has not been detected. Furthermore, the scientific
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contents of the text are irrelevant for the claims of this paper. To finalize the section and
underline the purposeless inclusion of this text, the unquoted quotation jumps to
another publication without following any preconceived logic [4]. Follows the result.

A CIM is composed of a geographic database (DB), a geographic information
system (GIS), a NURBS CAD software and a visual programming interface (VPI) in-
cluding a calculation module for the calculus of urban indicators. Formally, an urban
grammar C0 is the Cartesian product of user-selected grammars c1 � c2 � c3 � :::� cn
that take a set of parameterized shapes from the city ontology, respectively
S1; S2; S3; :::; Sn, to design an urban plan. The urban grammar C0 is a subset of the
Cartesian product of all grammars c. A complete layout of an urban plan is defined
along four design phases which produce four sub-designs with different levels of detail.
Grammars c are applied in parallel to generate layered representations. Each design
phase uses some of the grammars, c1 to cn of an urban grammar C0 to generate the
several layers that define the sub-design produced at that design phase. Label sets
L1; L2; L3; :::; Ln, are the label sets in grammars c1; c2; c3; :::; cn, respectively, and they
correspond to the classes of attributes in the ontology. The structure is similar to the
one presented by Li for the Yingzao fashi grammar [7].

5 Applied Research: History and Historiography

The second part of this discussion goes back to a paper produced originally in Por-
tuguese and was already published in conference proceedings. It will be used partially
in this section, without any modification [5] and translated by google without any kind
of revision. Warned of this condition, if reviewed, it will be certainly refused as it
presents nothing new, constitutes self-plagiarism and should be badly written in
English. Citations don’t belong to the original text; they were added (big names
including Literature Nobel Prize, the Secretary General of the United Nations, Walter
Benjamin) just to feign credibility into the referencing section. Footnotes, also without
any connection to the text and subject, were taken from Zappa’s songs (“who are the
brain police” from Freak Out, 1967).

Communication design is a disciplinary record and a profession. It started as an
activity, it became specialized, creating a body of autonomous knowledge, practical
knowledge, applied in parallel with some critical reflection: firstly, to support creation
(ways to systematize and rationalize communication and the perception of communi-
cation) and later with theorizing about the impact of communication on society,1 its
function, its context. The theory comes as practitioners dug their breadwinners: for
them, for them [8].

And so we come back to the starting point, the teaching of design, its academization.
This research seeks to focus on the activity and less on the outcome of the activity [9] or
on the “big picture” as has been common practice; Through this approach we will try to

1 “What will you do if we let you go home, And the plastic’s all melted, And so is the chrome? Who
are the Brain Police? What will you do when the label comes off, And the plastic’s all melted, And
the chrome is too soft?”.
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observe if it produces qualitative improvements in the results of teaching, including the
[6, 11] awareness that the designer assumes the concerns and intentions of the teacher.
commissioner and who works with him to find the most suitable solution for the various
contexts (conception, production, reception) that need to be published for their existence.
It is hoped to be able to highlight the need to introduce a new theoretical element,
highlighting the ordering process as an element that structures the performance of the
activity.

6 Generative Online Semantic Tool

The certification of methodologies that help us deal with the appreciation of subjective
factors has an indirect impact on the reevaluation of new propositions. We can already
see how understanding the proposed goals extends the scope and importance of the
communication process as a whole. At the organizational level, the appreciation of
subjective factors represents an opening for the improvement of conventional modes of
operation. All these questions, properly considered, raise doubts as to whether the need
for procedural renewal represents an opening to improve strategic knowledge to
achieve excellence. At the organizational level, the hegemony of the urban environ-
ment promotes the leverage of the communication process as a whole. Similarly, the
expansion of world markets has an indirect impact on the reevaluation of commonly
adopted procedures in city planning.

7 Discussion

Any human system has failures and vulnerabilities and exploring these weak points is
not per se, a proof of their irrelevance or indebtedness. In this text a series of evidences
were provided and deprecated, and if read they would make any nonspecialized human
reading to detect them. We didn’t hide or used unethical stratagems; we were the first
ones to implicate ourselves. There are 3 possible results for the outcome of this
experience: 1. Paper refused, meaning the system as a minimum care and the review
process works; 2. The paper is accepted even containing all the information needed for
any hasty reviewer to detect it; 3. The paper is accepted with the reviewers recognizing
the intentions and admitting that it is a valuable contribution for science, in which case
they should express it in their review comments and request the addition of a sentence
after this one stating that the “Trojan horse has been detected by the reviewer”, which
in case of absence simply means that the review process was unable to detect the
Trojan horse and therefore the implicit conclusions must be drawn.

8 Conclusion

Although science and design share themes and objects of study, their goals differ in an
essential aspect: science aims at objectively and seriously understanding the real world
and respective phenomena while design aims at developing methods and ideas to
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change the world and most essentially through the production of artefacts. Designers
don’t design “to”, but they design “against”: “against” a situation they want to change.
This paper is part of this connection effort to develop methods and ideas to improve a
scientific system, thru a design strategy.

To better understand the urban environment, we also have to be able to understand
the small issues hidden inside the scientific discourse. Both design and scientific
methods contribute to the production of human artefacts, from the urban scale to the
hand scale and the interconnection of these methods might – in fact – contribute to a
better understanding of a society in a certain place, time and context. We can design
and build cities that can better respond to our needs. Computer analysis might help to
stop or at least mitigate human failures as those demonstrated in our experiment. We
proved that bringing together two types of tools committed to cover the activities of the
scientific discourse and production, thru design (in particular evaluation and simula-
tion) could provide a better decision support to the scientific community.
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Abstract. As massive changes in our lifestyle and society structure are coming,
due to the contemporary pandemic situation, we face more than ever the chal-
lenge of employing non-human and teleassistance devices in many areas,
especially those that require assisting and caring for weak users. Humanoid
robots are proven to be a valuable asset in these situations but require to be
carefully designed in their interaction features, in order to be accepted and
valuably used by their users. In particular, this study is focused on robots that
have a certain degree of human-likeness that allows to define them “hu-
manoids”; for this kind of robots we can say that the area devoted to replicate
human facial features is the most important interface for human–robot interac-
tion. Actually, more than 60% of human–human interaction is conducted non-
verbally, by using facial expressions and gestures. For a robot to be able to
engage in this kind of interaction with a human and provide understandable
feedbacks is a massive step towards acceptance and development of an affec-
tional relationship by users. Being meant to reproduce human emotions, visual
feedbacks are mostly developed referring to eminent researches in the psycho-
logical field: as Paul Ekman already observed in 1998, human faces have a
universal coding for six basic expressions that represent as many basic emo-
tions: fear, anger, disgust, happiness, sadness and surprise. Our research focuses
on the design of an expression system to be implemented in a European-funded
project for an assistive robot that will support weak users at home or in assis-
tance facilities and their caregivers. Our main concern regarding this project are
to design a dynamic, human-friendly system that is scalable and visually recalls
real facial expressions without being too much human-like, in order to avoid the
well-known uncanny effect described by Masairo Mori.
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1 Si-Robotics Project

The rapid growth in the number of people ageing out of their working days is an issue
that is very relevant in our contemporary society and that involves several countries
worldwide. In addition to that, the contemporary situation of pandemic has brought to
the public eye the need of improving healthcare services and providing non-human
assistance and teleassistance to weak users whose natural physical decline or mental
and physical impairments cause big difficulties in being autonomous and keeping
control of their lives.

In this context, a wide research area is devoted to exploring how robotics, IoT and
AI technologies can make a positive difference in the lives of the aforementioned
category of users, imagining new scenarios for more inclusive and efficient care pro-
cesses [1].

The European-funded Si-Robotics project is based on these premises and has the
ambitious goal of designing and developing novel solutions of collaborative assistive
ICT robotics with advanced capabilities to support caregivers, users and families in
healthcare services, while acting with a socially acceptable behavior. The aim of the
project is to support weak users in their daily activities, whether they live in home
environments or elder care facilities; assessing the progress of their physical and
cognitive decline, i.e. cognitive frailty, dementia, mild cognitive impairment, etc., will
enable early diagnosis, objective assessment, therapy control and rehabilitation.

Si-Robotics system will be used within the context of elder care facilities or home
environments, characterized by the presence of frail people requiring gentle and ded-
icated attention and interaction, assisted by professional and/or informal caregivers and
medical operators, working with very scheduled and demanding tasks. The Architec-
ture and Design Department of the University of Genoa is cooperating with several
partners in order to design radically new concepts and solutions in which humans, IoT
devices and AI-powered social robots will harmoniously exist as a “cognitive agent”
capable of anticipating needs and providing assistance to the users.

Previous publications on this research activity [2] discussed in depth the importance
of designing facial expressions for the social robots that will be part of Si-Robotics
fleet. As we will briefly explain later, the face represents the most important human–
human interface for social activities and emotion recognition, as more than 60% of
human interaction with individuals of the same species is conducted non-verbally [3],
by using facial expressions and gestures.

For a robot which has the ultimate goal of being a social agent in the lives of frial
users being able to engage in this kind of interaction with humans is a massive step
forward, towards a full acceptance and the creation of an emotional bond with users.
The expression system will support the implementation of advanced behavioral models
of interaction through a deep study of the user interface of the robot, in order to
establish a high positive perception of care presence and to motivate weak users to
actively participate in their rehabilitation process.

As discussed in previous work [2] we analyzed different technical solutions and
chose to proceed with an Oled touch screen display embedded on the head of our robot.
This solution was chosen in light of its contained cost; also, it eliminates the need to
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add a secondary tablet on the chest of the robot for deeper interaction. The only real
disadvantage is the requirement to lose the chance of designing a round face in favor of
a flat, less human-like one.

This paper will present our initial concepts for the iconographic system of
expressions that will be shown on display. These expressions will then undergo a
testing process with users, in order to investigate the level of empathic response that
they can stimulate in users.

2 The Importance of Faces as Interfaces in HRI

Human beings are extremely sensitive to the particular pattern of features that form a
face, to the point that they tend to see faces also in inanimate objects such as clouds or
rock formations [4]. This anthropomorphic tendency is very powerful for designers: it
is enough to design abstracted or extremely simplified faces and our brain is able to “fill
the gaps” and recognize expressions from minimal features. A pair of circles correctly
located above a line that suggests a mouth are enough to create the impression of a face.

Several works speculate that more “generic” faces hold a higher degree of affor-
dance for people to identify with [5]. This happens because faces that are not too
connotated allow us to easily project upon them face representations that we have
acquired during a lifetime, beginning with our childhood, when we develop a system
that allows rapid human face recognition, if we are exposed to the correct amount of
visual stimuli [6].

This theme has been analyzed by Blow et al. [5] in a useful taxonomy of robotic
faces: if realistic faces which are very humanlike can recreate subtle and complex
expressions and feedbacks, on the other hand they easily tend to create a strong
uncanny effect in users; plus, they have unique features that make the identification
process difficult. Abstract faces are not the answer, because they are so far from human
features that users find it very difficult to identificate and feel empathy. According to
Blow, balance resides in iconic faces that hold a high degree of user identification
potential by being cute and non-threatening; on the downside, they can carry a degree
of boredom for the user, especially if they can’t reproduce a wide range of expressions.

Once we are able to recognize a face, we can also recognize the emotions being
expressed on it. According to the eminent work of Paul Ekman [7], a universal coding
for recognizing emotions exists in humans, at least for six expressions that he identifies
as primary: joy, sadness, anger, surprise, disgust and fear. Primary emotions reside in
the orbital-frontal cortex and the stimulus–response process is extremely fast since the
sensory signal received by the thalamus is sent to the amygdala through the lower
pathway, producing an emotional response, translated by consequence from the body
based on its intensity and the emotional control of the individual.

Every human that has a standard degree of empathy is capable to recognize the
visual patterns that modify the appearance of a face and express an emotion. These
patterns have been thoroughly studied [8] and are the foundation for every kind of
representation of human faces, such as comics, art and robotic faces as well.
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In the particular field of HRI, three key aspects have to be taken into consideration
when designing a robotic head and its visual feedbacks [4]: the robot must hold a
degree of “human-ness”, needed to facilitate social interaction and empathic response
from users; but a degree of “robot-ness” is also very important in order to manage
users’ expectations towards its cognitive abilities. Finally, a degree of “product-ness”
allows to perceive the robot as a non-threatening appliance, which is key to avoid the
uncanny valley effect.

3 Overview on Robotic Faces

If service robots such as vacuum cleaners or lawn mowers don’t need to appear
anything other than functional, human–robot interaction studies become fundamental
when designers need their users to develop a form of affective, emotional or personal
interaction with the robot; at this point we understood that the face is probably the most
important interface to be designed.

The minimum necessary set of facial features seem to be a head-like volume, often
contained within a sphere or ovoid, with a vertically symmetric setup of eyes and a
mouth that has traditionally been implemented using mechatronic devices; the earliest
and most classic example of mechatronic expressive robot is Kismet, having eyelids,
eyebrows, lips and ears all physically implemented and controlled by electric motors
[9]. Practically, this kind of solutions carry a series of problems: facial systems can be
implemented with few mechanical parts, but the expression range is very limited;
otherwise, to create more human-like animated faces requires higher number of actu-
ators and higher price, bigger volume, higher weight and more power. Also, androids
are more prone to uncanniness, as their physical appearance is so close to humans.

In our preliminary research for Si-Robotics project [2] we analyzed the correlation
between the degree of anthropomorphism of robotic heads on the market and their level
of expressivity and found that mechatronic faces are way less expressive than synthetic
characters being presented on flat screen monitors. Even though it is often believed that
the attempt to develop an emotional response to a robot having a screen as a face is not
as successful as the mechatronic solutions, this solution provides a series of benefits:
the hardware cost of these robots is considerably lower, the weight of the head is light
and price, volume and weight remain constant whatever the animated facial features;
plus, it must been taken into consideration that computer graphics are in constant
improved and evolution and rendered robot faces can now reach even movie quality
real time animation, while this was not possible for the earlier products on the market.

On these premises, it needs to be understood how variations and patterns in the
design of rendered robot faces can affect the users’ reactions and expectations. There
are several dimensions of different kind to be taken into consideration: first of all, the
presence or absence of a feature on the face (mouth, nose, eyebrows, cheeks/blush,
hair, ears, eyelids, pupils, irises, …); then, the colours and sizes of these features;
finally, their placement and shape.

A thoroughly detailed analysis of these aspects has been carried out by A. Kalegina
et al. [10] producing extremely useful findings.
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First of all, the perceived friendliness of the robots strongly resides in its facial
features design: models without a distinctive face such as Jibo are considered signif-
icantly less human and less friendly. On the other hand, the highest level of perceived
friendliness is recorded in robots with iconic faces, while very human-like faces are
perceived as creepy and threatening.

Regarding facial features, it appears that the presence of mouth and pupils are
extremely important in raising the level of perceived friendliness, while the presence of
eyelids makes the robot seem less friendly. The level of trustworthiness follows the
same pattern; faces with no mouth can even be perceived as creepy and give a per-
ception of surveillance. Thus, it can be easily detected that most of social robots on the
market have a mouth depicted on the face, even though very small.

Facial features have a strong influence on the perception of the supposed character
of the robot. Faces with lower eyebrows standing close to the top of the eye are
considered most intelligent and older, while higher rounded eyebrows produce the
intimation of a baby face, therefore the perception of lower intellect. It must be con-
sidered that evolutionary biology studies explain that infantile features such as large
eyes and small mouth and evidence of cheeks evoke a nurturing response in users [11].

4 Colour Coding for Easy Understanding

The design of emotional expressions is extremely complex due to the fact that emotions
are an expressive quality of beings, they belong to what Gestalt has defined as the
tertiary quality: aspects that do not have measurable dimensions that can be experi-
enced directly through organs, but nonetheless qualities that can be felt in the object.
Perception and evaluation of expressive qualities are strongly conditioned by personal
experiences and cultural context, which is why their design cannot guarantee a safe
result, but only highly probable [12].

Of all the perceptual aspects, color is, together with sound, what appears to be the
best vehicle of expressive quality.

The external manifestation of the six basic emotions of human beings on their faces
is one of the most universal manifestation of expressive qualities. Plus, there is
increasingly evidence of a correlation between emotions and colours in human biology
[13], given the fact that colours are fundamental to give the viewer information about
the nature of an object.

Since our robot is going to interact with weak users that may have difficulties in
perception, we decided to add the colour element to the design of its expressions, with
the intention to facilitate the correct understanding of the visual response presented on
screen.

Many studies have been carried out in order to associate a specific colour to a given
emotion. We refer to the experiment described by Osvaldo Da Pos and Paul Green-
Armytage [14] who asked participants to associate a colour to each of the represen-
tations of basic expressions collected by Ekman and Friesen and considered the most
accurate reproduction of such emotions [8].

152 N. Casiddu et al.



As regards lightness, happiness, surprise and fear are represented by very light
colours, while sadness and disgust are intermediate, and anger is rather dark (usually
black or red). Sadness and fear are mostly represented by extremely desaturated col-
ours, while surprise and anger have very chromatic hues; this may mean that higher
saturation means active emotions and increase the observer’s arousal independently of
the hue. Also, active emotions are usually described by warmer colours.

As emotions themselves are not one-dimensional, it is not possible to associate with
complete certainty one colour to one emotion, but we tried to select a coding system
that is the most universally accepted by selecting the following associations:

• Anger: red
• Surprise: pink
• Disgust: acid green
• Sadness: pale blue
• Happiness: bright orange
• Fear: violet

5 Si-Robotics Facial Expression System

We designed a basic system for the face of our social robot that holds into account all
the research and reflections presented so far. The first concept includes the baseline face
and six variations representing basic emotions. This model will be tested with users and
results with further development, and possibly more emotions, will be presented in
future work.

The face will be rendered on a tablet put in horizontal position on the head of the
robot. To create the most seamless experience, the face will be presented on a black
background that makes the edges of the tablet less evident.

The graphical style that we chose is extremely iconic and simple, but we decided to
include some details and features able to give more personality to the face and make the
robot friendlier and more connotated. For these reasons the eyes are not simple circles
but include pupils, and small desaturated eyebrows have been drawn over the eyes, to
make the robot look older and more intelligent.

Dimensions and variations in position of the facial details allow to reproduce the
chosen emotions. In order to facilitate understanding by all the users, even those who
may have difficulties in discriminating facial expressions, a single colour has been
associated to every emotion and is presented as a blurred background, suggesting the
shape of the face.
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Abstract. While usability heuristics are universal concepts, visual references
for using them in an application are limited, contradictory, and sometimes
confusing, especially for novice developers. The present work has linked
Nielsen’s heuristics with Gestalt principles, which are the foundation of human
perception, developed from psychology, and which have been used in art,
design, and architecture, to understand how different visual stimulus can be
interpreted by the human being. The heuristics, Match between system and the
real world, Recognition rather than recall and Aesthetic and minimalistic design,
have been linked with the Gestalt principles of Similarity, Proximity, Common
direction, and Simplicity. This link is possible because Gestalt principles have
certain conceptual similarities with usability heuristics, in addition to the fact
that these fundamentals were identified in some mobile interfaces and are related
to specific interactions. This work provides theoretical guidelines, visual refer-
ences and practical examples on the use of some graphic components that are
regularly used in mobile interfaces, such as buttons, menus, and sections;
Besides, information is provided regarding how these visual components affect
certain usability interactions such as learnability, efficiency, memorability, and
usefulness.

Keywords: Gestalt � User interfaces � Usability � Mobile � Agile software
development

1 Introduction

Producing a mobile application is usually a multidisciplinary work, which involves
developers, designers, marketing specialists, and specific advisers according to the
project; Generally, the software development methodology guides the steps that the
team must follow, from eliciting requirements, building prototypes and evaluating the
results with different tests before launching the application to the users. One of the
crucial stages for an application is the production of prototypes for the Graphic User
Interfaces (GUI), in which the development team seeks to balance functional aspects
with visual aesthetics while trying to find efficiency to produce user satisfaction [1].
Steve Jobs explained that those relationships are difficult to achieve in an application or
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device; he believed that there exists a kind of “magic” behind that process [2] and one
way to achieve the goal could be the “taste” [3], both are abstract and ambiguous terms.
This has led developers to believe that, to produce a GUI, in addition to the technical
aspects for fulfilling the required functionality of the project, “some luck” is needed [4].

In the last years, important contributions have been made to improve interaction
with devices, using concepts as heuristics and processes like User-Centered Design,
Mockups, and Pattern-based Design. That knowledge has led to substantial advances to
improve usability in interfaces, such as new applications or adaptations from desktop
environments to mobile devices. In this context, the Gestalt Prototyping Framework
from its theoretical approach [5], emerged as a proposal directed to usability experts,
designers, and developers of mobile applications, to use visual references to build and
evaluate interfaces of mobile devices, so that they can identify, prevent or correct errors
in visual components of the GUI.

2 Related Work

In 1994, Nielsen proposed 10 heuristics that lead the development team in the pro-
duction of GUI. They are general guides to design the interactions that affect the
usability of a system. These heuristics have been widely used as a reference, defining
essential concepts for the Human-Computer Interaction (HCI) [6]. They became uni-
versal and are used until the present, having relevance from the evaluation of different
prototypes [7]. However, at that time, interfaces were designed for desktop computers.

With the emergence of mobile technology, different researchers try to adapt
Nielsen’s heuristics, establishing parameters to measure the usability of mobile
applications, generating important contributions such as Bertini’s [8], who produced an
evaluation model comparing it with the methods used until then. In this same context,
Yanez-Gomez [9] configured a new list of usability parameters that can be used to
evaluate mobile applications.

There is interest in understanding the relationship between aesthetics and HCI, and
several investigations have reviewed the attributes and processes to design aesthetic
interactions [10, 11]. Some discussions have focused on the relationship between the
psychological perception of aesthetics and the perception of usability [12].

Gestalt principles describe the interaction of graphic components in space and how
people perceive and understand these relationships; principles such as proximity,
similarity, common direction among others, explain how people assimilate and react to
the forms they visualize. For this reason, an interface can naturally use these concepts
to generate, position, move, show and hide information, in a way that favors learning,
execution, and memorization of certain tasks, reducing cognitive load, while in parallel
generating favorable user experiences. Some applications have already used Gestalt
parameters in the development of interfaces. Gómez claims to have noticed the pres-
ence of some of the principles and measured their impact on the interface quality of
desktop applications [13]. Other applications have already used specific principles
within their interfaces [14–17], but without measuring their impact on the user expe-
rience so far.
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3 Concepts Applicable to an Interface Prototype

The interfaces of mobile devices have different graphic elements to visualize the
functional aspects of the application. To carry out tasks through the GUI, the user must
perceive, interpret, and understand the purpose of the images that appear on the screen.
This principle is the same that Gestalt uses to define the relationships that occur
between figures that share the same space. Table 1 shows the theoretical link of
usability heuristics, Gestalt principles, visual components, and usability interactions
that are sought at different stages of prototype development.

3.1 Iconography, Color, and Buttons

The heuristic “Match between system and the real world” aims to make the different
visual elements of an interface familiar to users, so they can associate them with their
environment and context, positively identifying the actions that can be carried out in
the application, without going through long periods to acquire basic skills.

This purpose can be achieved using the interface resources, if visual elements are
used that are universal and recognizable by diverse human groups, regardless of the
characteristics of their geographic, demographic, or sociocultural profiles.

According to Isidro Moreno [18] the icons - symbols can be read properly in the
software if they can be associated with knowledge or experience encoded by an
abstraction that facilitates the identification of the object, process, or idea that it rep-
resents. In the metaphor of navigating a system through an interface, current mobile
devices combine peripheral hardware interactions, intermediate interactions that allow
the selection of functions, and finally natural or gestural mimetic interactions.

Icons can be associated with concepts such as consistency, defined as a natural
factor in the interactions that occur in an interface; the components allow us to carry out
a task in a regular, fluid and uninterrupted way. The lack of consistency of an interface
creates the possibility that there are different ways of carrying out the same task, these
variations are the ones that can be confusing for the user.

Table 1. Components in which Heuristic and Gestalt concepts can be applied.

Interface
component

Gestalt
principle

Heuristic Usability interaction

Iconography
Colour
Buttons

Similarity Match between system and
the real world

Learning capacity and
efficiency

Menus
Submenus
Pop up
Slide buttons

Proximity
Common
destiny

Recognition rather than
recall

Learning capacity efficiency
memorability

Backgrounds
Dividers
Graphic style

Simplicity Aesthetic and minimalistic
design

Memorability
Utility
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The icons of an application must be easily recognizable, should have high contrast
and simple shapes; the visual style, color, and shape of the iconography. The Gestalt
principle of similarity contributes to the consistency of an interface, making it pre-
dictable learnable; these factors depend largely on the compatibility of an icon with the
task it performs. For example, Fig. 1 shows four icons that are used in different
applications to save information, the task of the development team is to determine
which of them is more compatible with the action that is going to be executed.

3.2 Menu, Submenu, Pop up and Slide Buttons

The Heuristic called “Recognition rather than recall”, in an interface refers to the fact
that essential actions must be identified in the foreground so that the user learns to
perform them intuitively; The basic actions of the application should be grouped in
such a way that categories and hierarchies are established naturally; for this, the ele-
ments must remain visible at all times, until the user becomes familiar with the
application. In Fig. 2 you can see that the graphic similarity of the icons and their
proximity generates that user perceives different menus and interface configurations.

Fig. 1. The principle of similarity applied to the icons of a mobile application.

Fig. 2. The principle of proximity applied to the menus of a mobile application.

Relationship Between Gestalt and Usability Heuristics 159



The Gestalt proximity principle causes that a group of icons can be naturally
perceived as a menu, to create natural menus, the iconography can be grouped main-
taining similarity in colors, shapes, positions, and orientations. By varying the orien-
tation, the position of the icons, including the supports and other functional
components, it is possible to maintain the hierarchy and organization of the interface.

On the other hand, the Gestalt principle of common direction describes that, if the
objects move towards the same direction, they are perceived as a group. This concept
can also be used to reorganize an interface after a change of orientation of the device.

3.3 Backgrounds, Dividers, and Graphic Style

The heuristics “Aesthetic and minimalistic design” points out that the design of an
application should be minimalist, although not necessarily applied as a style, but rather
as a guideline to reduce the amount of visual information provided to the user. In this
sense, the Gestalt principle of Simplicity refers to how human beings perceive the
forms even if they only appreciate a portion of them. These concepts allow the
development team to narrow down the aesthetics-oriented graphics and orient it
towards clarifying interface functions. Figure 3 shows how the graphic details of the
interface are reduced, without changing the functions.

4 Conclusions and Future Work

The Gestalt Prototyping Framework effectively links the basic notions of the Nielsen
Heuristics with Gestalt principles, providing theoretical and visual references to
understand how these models are integrated during the development of a GUI.
Usability experts, designers, and developers of mobile applications can use these
concepts to adapt, improve, or correct the prototypes of interfaces in projects, without
interfering with the development methodology they have decided to use.

In the near future, we expect to obtain results from the application of our proposal
in the development of high and low fidelity prototypes in the field of different projects.

Fig. 3. The principle of simplicity applied to reach a minimalist design.
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This will allow detecting the incidence of the Gestalt Prototyping Framework in the
production time of applications, detection of errors in the interfaces, and improvements
in different usability parameters.
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Abstract. The objective of this study is to demonstrate the innovation and
design process of a birthing bed, designed specifically for young first mothers
[1]. This problem was chosen due to the social and cultural conditions nowadays
in Mexico, which, according to data from the INEGI, National Institute of
Geography and Statistics, around 32 million women over 12 years old pursue
their motherhood [2]. Not only are the numbers alarming, but it must be
addressed the fact that a poorly attended delivery can be truly traumatic. The
data collected by primary sources is a series of surveys sent to mothers, doctors
and nurses, in which they are questioned about their experience before, during
and after delivery. They were also questioned about recommendations regarding
actual delivery beds. Data collection via internet focused mainly in comple-
menting the formation obtained in the surveys. The data in this investigation
includes the complete process of a delivery, the actual birthing beds and the role
of each user within a delivery.

Keywords: Pregnancy � Mother � Birthing bed � Delivery � Vertical delivery �
Horizontal delivery � Innovation � Medical personnel � Obstetrician �
Pediatrician � Neonatologist � Anesthesiologist � Nurses � Cleaning �
Ergonomics � Technology

1 Introduction

According to the National Strategy for the Prevention of Teen Pregnancy (2019), there
were around 8,263,020 births between 2008 and 2011, of which 18.9% were from
women between the ages of 15 and 19 (this represents 1,561,710 pregnancies). Taking
these figures into consideration and the average impact of natural childbirth on women,
the objective of this project is to design a special birthing bed for women between 15
and 20 years of age. This bed will not only focus on the comfort and safety of the
mother but will consider all those involved in a delivery. To start the design process, an
investigation was carried out about the average development of a natural delivery, the
different positions and their characteristics, and the existing delivery beds. The infor-
mation was obtained through surveys and internet sources and showed that the key
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points to consider are space, hygiene, comfort and usability. Among the data that stand
out the most from the surveys are the following: the doctors argue that the best delivery
position is semi-sitting or vertical, however, the horizontal position is the most effective
in case of risk situations. Mothers say that their birthing experience could have been
improved with more comfortable sheets or cushions, and nurses say that the accu-
mulation of substances and bacterial growth is one of the most characteristic obstacles
of current birthing beds. It was concluded that in order for this stretcher to be fully
used, it must have the following characteristics: a welcoming first impression for the
mother, support on the lower back and thermal cushions, practical assembly, materials
that can be easily sterilized, and finally, the dimensions have to be set up in such a way
that it can give the doctor the best visibility and at the same time it can be adapted to
any percentile.

2 Methods

For the collection of data and information that would support the design of the delivery
bed, an investigation was first carried out through various internet sources on the process
of natural childbirth and the different procedures that are done during it. Then, through
online technical sheets, various data and characteristics were obtained on existing
delivery beds. These were AVE2, OPTIMA 2, and Stryker LD403. Along with this
research, a survey was conducted for the medical personnel present at a delivery. With
this information, the main users that would be considered for the delivery bed and the
objective that it should meet, were specified. These users are: Mother,
Gynecologist/Obstetrician, Anesthesiologist, Nurse, Pediatrician and the Companion.
Subsequently, the design process phase began, in which various sketches and prototypes
were made until reaching the final model, which would be later rendered to choose the
color proposals. The final stage of the process consisted of carrying out a comparative
survey between one of the first sketches and the final model to obtain the opinion of the
mother, the companion and the medical staff that were included among the users.

3 Findings

Of the total population in Mexico, 48.7 million are women aged 12 and over, of that
total, 32.7 million are mothers, according to data from the National Institute of
Statistics and Geography (INEGI). 28 out of 100 women carry out their maternity
without a partner. Of the mothers aged 15 years and over, 43.4% are employed, 63.7%
of the women with children and children are subordinate and remunerated workers,
26.6% are self-employed and 7% are employed women who do not receive remu-
neration [2].

The users who interact around the birthing bed and attending the delivery are the
following. The obstetrician/gynecologist specializes in the care of women during
pregnancy and childbirth, he or she is present in the active phase of labor and oversees
receiving the newborn [3]. Next, the nurse, who is in charge of preparing the medical
history and conducting physical evaluations, ordering laboratory procedures and
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examinations, managing the treatment and carrying out activities that promote
women’s health and reduce possible risks. During childbirth she or he is in charge of
assisting the gynecologist and attending the mother, administering fluids, emptying the
waste container and checking vital signs [9]. After the delivery, the nurse cleans the
baby and takes the temperature and vital signs. The third user is the pediatrician, who is
the doctor for the prevention, diagnosis, and treatment of diseases and injuries in
children. The pediatrician is present in final phase of the labor in case of any com-
plications. The anesthesiologist has all the knowledge to administer medications or
other substances. Constantly checks the mother and the baby’s vital signs [10]. Then
there is the mother, the attention of all other users is directed to her. Finally, there is the
companion, who is the person next to the mother to provide support throughout the
delivery process [4].

Ave 2, Optima 2 and Stryker LD304 were the actual beds chosen to be analyzed.
These were discovered to be the most popular in the market and they have elements in
common such as ergonomic backrests, different angles of inclination, handles and
footrests, and waste containers [5].

4 Final Stage in the Design Process

A total of 43 surveys were carried out to the possible users involved: gynecologists,
pediatricians, nurses, companions, mothers and anesthesiologists. In this survey they
were asked about their point of view of the initial sketch and the final design in terms of
safety, convenience, efficiency, aesthetics, adaptability, ease, comfort, tools and most
importantly, if the design really considered their needs regarding their interaction with
the birthing bed [6].

Comparing both responses from the surveys, it is shown a remarkable improvement
towards the acceptance of the design of the birthing bed. The most significant ones
were regarding safety, efficiency, color, and most importantly, the consideration of the
user’s needs (Figs. 3 and 4) (Fig. 1).

Fig. 1. From left to right, first sketch, final sketch, human scale.
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It was proposed yellow, blue and pink for the possible colors the birthing chair could
be. Yellow represents optimism and amiability. It is luminous and in its light tones
represents serenity and wisdom. Blue is psychologically related to serenity and calm,
tranquility, control of situations and peace. It is widely used in medical equipment as it is
also associated with caring for others, trust and credibility. Pink is the color of femininity
and pureness, and therefore of affection and protection. It is related to generosity, ded-
ication, innocence, and love. Pink is the color of young life and charm [7, 8] (Fig. 2).

Fig. 2. Color proposals for the final model

Fig. 3. Survey (first sketch shown): acceptance rate from medical personnel regarding the first
sketch.
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5 Conclusion: Final Design

The main design question is: How does this birthing “chair” involves all users? Based
on the investigations and surveys carried out, it was concluded that the final design will
be as follows. Comfortable for the mother, respecting the physiognomy of each one.
With handles and stirrups to help her distribute better her strength during labor and
with a seat that can be accommodated according to her preferences. For the gynecol-
ogist, a bench will be detached from the end of the chair so that he or she can sit and
change its height depending on the visibility needed. For the nurse, the birthing chair
will have an integrated waste container, so they do not have to constantly change it
during the delivery. In addition, it will have a position control on the back of the chair
to attend the mother. The right side of the chair comes off to make room for the

Fig. 4. Survey (final model shown): acceptance rate towards final model.

Fig. 5. Closeups. From left to right: waste container for the nurse. Vital signs and fluids monitor.
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mother’s companion. The chair will have a monitor that assists both the pediatrician
and the anesthesiologist and that will show the vital signs of the mother and the baby.
The mechanisms of the chair are very intuitive and easy to use, in order to for the
medical personnel to have a better interaction with it. The structure is made from
resistant rigid PVC and the cushions are made from waterproof fabric, which is also
easy to sterilize (Figs. 5 and 6).
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Abstract. The objective of this document is to show the development of the
design of a portable birthing stretcher that facilitates the process of birthing in
the indigenous communities of Mexico, to both the midwives and the mothers
since the current conditions of birthing in the aforementioned place is insuffi-
cient to make it a safe and a comfortable delivery, it is worth mentioning that the
midwives travel distances to be able to assist the mothers. For the design, we
sought to ensure that it would not complicate the midwife’s transportation, but
that it would also be a tool to transport all the necessary utensils for safe and
hygienic delivery, as well as a device that would help with the mother’s posture
so that she would be more comfortable during the delivery and would also help
with the midwife to make it safer [1, 2].

Keywords: Mothers � Indigenous � Midwives � Portable � Communities �
Culture � Customs � Mexico � Discrimination � Engineering � Design �
Innovation � Medical

1 Introduction

Today in Mexico there are more than 15,000 midwives in indigenous and rural areas.
Based on previous research it is known that if midwifery conditions and services are
improved, up to 3.6 million deaths could be avoided in 58 developing countries, which
is why it was decided to design the “Tam Alal” stretcher.

Most of the communities do not have a hospital or they are retired from the urban
areas, the culture of each community varies a lot, something that is very common
among the indigenous women is that they are very modest, also the male chauvinism is
very present, the reason why the child births are very different from those that happen
in a hospital. Not only do differences within culture lead indigenous mothers to give
birth in their communities with a midwife, but the language barrier in hospitals is a very
important factor in this decision [2, 3].

Births in indigenous communities and in rural areas do not have hygiene, comfort
nor practical measures, for the mother and the midwife, the journeys to the homes are
complicated, as the communities are very remote, there are no cars, and there are few
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midwives to serve the surrounding communities, as they do not have one for each
community. Sometimes births are complicated because midwives try to have the least
contact with the mother’s genitals, since there is machismo and women are very
modest, so they adopt positions that bring complications and are not efficient [2].

The houses are low income and do not have the necessary materials for a hygienic
birth, usually deliveries occurs in the floor of their houses, in occasions they use tarps
or cardboards; there are some places where the midwives have the opportunity to ask
the couple to get certain material, whether bags, profiles, scissors, alcohol, blankets,
etc. [3, 4].

2 Development of the Product

The design process consisted of 4 methodological phases in order to arrive at a final
design. The first phase consisted of a research process where the problem was defined,
as from the users and their needs were identified. This was followed by the second
phase: the creative phase, where sketches were made, from which the best ideas were
taken into account to integrate them and make the first design. In this proposal the main
objective was the comfort of the mother, however, this stretcher did not consider the
needs of all the users; the mother, the midwife, and the baby, the design of this stretcher
is shown in Fig. 1.

This design has one birth position and two ways of holding, on the sides of the
thighs or on the top of the shoulders, after use it can be folded so it can be carried like a
mountaineering backpack.

The problems that this design presented were that the structure being from alu-
minum and polyester PVC mattresses had a very high density which leads to a com-
plication in the transport since the midwives, according to the investigation made, are
people with an average of 56 years, who cannot carry objects that weighed more than

Fig. 1. The first design of the stretcher, is shown the stretcher which is a fusion of the best ideas
of the creative phase in which its main objective was the comfort of the mother. Where the
support points for feet and hands are represented, as well as a compartment with hot water to
avoid stressing the lower back muscles
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15% of their own weight. Another problem that was found was that to have a com-
fortable and safe backpack it should not exceed the width of the shoulders, to fulfill
with this requirement the design of the stretcher did not have a backrest wide enough to
provide comfort to the mothers, in turn, the structure could not adapt to the different
heights of potential users, it was not adjustable due to the proposed material, although a
95 percentile was used, the height would be approximately 80 cm, thus exceeding the
preferred measurement in a backpack [5, 6].

During the third phase was the collection of surveys to verify the needs of the
design and to check the points on which we had to focus and what our user was looking
for. In the fourth phase, the stretcher was redesigned, considering the aspects found in
the surveys and research. This design was inspired by the emergency stretchers because
they are light and efficient, this design is represented in Fig. 2.

The design has an aluminum tubular structure with an adjustable backrest that
allows it to be used in 4 different positions which cover the need to be able to adjust the
backrest to the size that is necessary for the user, we also included the possibility of
adjusting the backrest angles to provide comfort to mothers, reclining between 90º and
180º.

Based on the findings, it was decided to change the way in which the stretcher is
transported, this idea was renewed to be able to transport the stretcher inside a back-
pack with wheels that allows the midwives to move it easily and allows us to have a
wider back for the comfort of mothers. The stretcher has strategic support points, which
are located on the top of the backrest and on the sides of the seat covered by a foam
padding surface (Eva), as well as footrests, which can be adjusted to 3 different sizes so
that the mother can be placed in various positions.

The compartment that allows for a hot water bag was kept in this design, not only to
provide greater comfort to the mother but also to reduce the stress on the lower back

Fig. 2. Stretcher redesign, final stretcher design. Shown is a stretcher based on the emergency
stretchers which has support points for feet and hands at the sides of the thighs and above the
head. It has a waste bag and a hot water bottle to relax the tense muscles in the lower back. This
stretcher is foldable and its transportation is through a backpack with wheels on the bottom.
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muscles preventing injuries. For the height of the stretcher, the position used by the
midwives to receive the baby was considered, which is squatting or sitting on the floor,
as it is not common to have chairs or special spaces for the deliveries. An adequate
height was also sought to provide security for the mother and the baby.

3 Investigation and Results

27 surveys were carried out with midwives and mothers who were familiar with the
context we are focusing on. In Figs. 3 and 4 we can see the comparison of the first
design of the stretcher and the final design of the stretcher. With the results obtained we
realize that we had an accurate approach to the users with the design of the final table
because the graph shown in Fig. 4 obtained higher scores.

4 Annexes

See Figs. 5 and 6.

Fig. 3. This graph shows the results of the opinions of the mothers’ (pink) and midwives’ (blue)
on the first design of the stretcher, shown in Fig. 1 previously. Taking 0 as the lowest score and 5
as the highest.

Fig. 4. This graph shows the results of the opinions of the mothers’ (pink) and midwives’ (blue)
on the final design of the stretcher, shown in Fig. 2 previously. Taking 0 as the lowest score and
5 as the highest.
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Fig. 5. Representations of positions in the final design with human scale and color proposals.

Fig. 6. Representation of how the stretcher will be transported inside the backpack, which is
made of thermoformed plastic, reinforced at the corners. The backpack has 4 wheels at the
bottom for easy transportation, as well as a handle to pull it which is covered with foam for user
comfort.
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5 Conclusions

After completing the design process it can be concluded that it is very important to
consider all users involved in medical problems because it is complex to prioritize the
needs of each user involved, giving greater value to a user can lead to undesirable
results, as it was with the first design of the stretcher that did not take into account the
needs of the midwife. The final design, according to the surveys carried out, has a
balance between both users as it takes into account the comfort of the mother and the
positions they normally use as well as the attachments needed to carry out the delivery
(footrests and handles). It also takes into account the midwife’s needs such as trans-
porting the stretcher, carrying all her utensils along the way, cleaning the stretcher, and
her safety.
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Abstract. Labor is a complex process in which one of the main factors within
the hospital’s context is the medical equipment that helps to carry out the work,
such as the birthing bed. Is around it that the activities that allow an efficient
labor are carry out. There are two main approaches when it comes to medical
design, known as EBD (Evidence-Based Design) and UCD (User-Centered
Design). Each one seeks to meet different expectations and functions with the
design each supports. This article presents a comparative analysis on the design
of a birthing bed using both approaches, aiming to know if an user-centered
design methodology helps increase the satisfaction of the users, by improving
the bed’s ease of use and understanding.

Keywords: Birthing bed � Industrial design � Product design � Medical
devices � Touch technology

1 Introduction

Labor is a complex process. For the most part, long and exhaustive. With the coming
together of several factors and different users around the birthing bed, it is important to
take them all into consideration when it comes to the design. This bed allows women
going in labor to adopt natural positions during this process, considering aspects like
comfort and safety [1].

The birthing bed design can, sometimes, affect the performance of the users that
interact with it. According to the article written by Sookyung Chun and Kyungsook
Nam [2], the 2016 Healthcare Design Expo stated the importance of user-centered
design and how by not doing so, the performance of the users can decrease, as this
affects different human dimensions such as: physical, psychological and affective.

In the same article, two approaches to medical design are presented: EBD
(Evidence-Based Design) and UCD (User-Centered Design). Each approach tries to
cover different aspects and factors with every design made. EBD maximizes func-
tionality and work flow, focusing mainly in the hospital’s physical conditions, patient’s
safety and stress reduction generally caused in a hospital. On the other hand, UCD
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covers the user’s needs and expectations from a physical, psychological and affective
perspective [2].

In this article, both approaches in the design of a birthing bed will be analyzed,
identifying factors that help test the importance of an user-centered design methodol-
ogy in order to improve the design of a birthing bed, facilitating its use and
understanding.

2 Project Development

2.1 Phase 1

During the first phase of the project, the goal was to design a birthing bed with an EBD
approach. To achieve this, an investigation was carried out, followed by an analysis of
the information gathered from different articles and previous birthing bed designs.

In order to establish the important features required to be taken into consideration
for the design, the most significant aspects and factors found in the investigation were
grouped as shown in Table 1.

This information was analyzed and a creative process was carried out, trying the
combination of these aspects. During this creative process, no user needs were taken
into consideration when designing, the main approach was the investigation and evi-
dence found.

Table 1. Main aspects to consider when designing a birthing bed, according to the information
gathered from articles.

Author Aspect

Lois Hamlin
Marylin Richardson

Patient’s safety represents an elemental
competence [3]

Universidad de Chile
Facultad de Medicina

The birthing bed must be able to adapt into an
operating table, when needed
It should include equipment to monitor the vital and
cardiorespiratory signs of both, mother and baby [4]

Susana Lafuente It is important that the birthing bed has a feet
support and rotation or adjustments for the inner
part of the legs [5]

Programa Médico Arquitectónico para
el Diseño de Hospitales Seguros

The labor room must have a birthing bed with
wheels that allow its transportation when needed
[6]
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The following figure shows the birthing bed that was created in the first phase
(Fig 1).

This design accomplishes the integration of the aspects mentioned in Table 1 as it
has railings that protect the patient, it can lay down into a 180º angle, achieving a
horizontal position. A band that displays the vital signs, as well as a leg and feet
support and wheels located under the base.

3 Phase 2

During the second phase of the project, the goal was to design a birthing bed with an
UCD approach that would facilitate its use and understanding. Through research, task
analysis and surveys, the users that interact during labor and their tasks were defined.

The average number of people in the labor room is 9 users, including an anes-
thesiologist, gynecologist, pediatrician, three nurses, surgeon, patient and a patient’s
companion [7]. However, in order to create a more specific UCD, this number was
narrowed down to 7: gynecologist, anesthesiologist, pediatrician, two nurses, patient
and a patient’s companion.

Then, the tasks and interactions each of them has with the birthing bed were
analyzed in order to determine what is important for every user in the design.

At the same time, another investigation was carried out and a survey helped to
illustrate the needs of every user inside the labor room. The information gathered is
presented in Table 2.

Fig. 1. Birthing Bed #1, aspects mentioned in Table 1 were taken into consideration in the
design process of this bed
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Finally, a research through surveys was carried out. It was requested for the users to
comment and discuss their experience with existing birthing beds. The biggest non-
conformity was presented by nurses. Of a total of 20 nurses surveyed, 60% agreed that
the adjustment and use of the birthing beds is not as easy as they would like it to be.
The learning process to arrange the bed is long, due to the number of steps that need to
be done, making it hard to remember. This, makes nurses the only medical staff capable
of adjusting the bed, since no other medical staff member is trained to do so.

Taking into consideration the users’ needs and tasks, a second creative process was
carried out. In this process, the main goal was to give the design an UCD approach. The
birthing bed that was created in the second phase is presented in the following figure
(Fig. 2).

Besides considering the aspects of Table 1, the birthing bed #2 has specific elements
that help satisfy the needs of every user. In order to determine the dimensions of the
birthing bed correctly, the book written by Julius Panero, titled “Las Dimensiones
Humanas en los Espacios Interiores” was used [9]. Birthing bed #2 has an ergonomic
design with different pieces on the backrest to bring comfort and a lumbar support to
reduce the tension on the patient’s back. In addition, a display showing the vital signs of
both the patient and the baby is located on the right siderail so that the pediatrician and
anesthesiologist can monitor them. A waste container was integrated to facilitate the
nurses’ task. The birthing bed height can be adjusted according to the gynecologist

Table 2. Defined users, their needs and tasks inside the labor room, gathered information from
investigations, surveys and task analysis.

User Tasks Needs

Gynecologist Vaginal examination
for dilatation.
Receive the baby
Cut the umbilical cord

Adjust the birthing bed to diferent positions and
heights
Have access to the vaginal area of the patient

Anesthesiologist Administer the epidural
anesthesia.
Check the vital signs of
the patient.

Monitor the vital signs of the patient.
Flatten birthing bed and access to the back of the
patient to apply anesthesia [4]

Pediatrician Monitor the vital signs
of the baby.
Do the Apgar test on the
newborn.

Monitoring equipment

Nurses
patient

Arrange the birthing
bed.
Disinfect and sterilize
the equipment.
Attention to the patient.
Medical staff backup.
Clean after labor.
Perform labor.

Waste container
Easy cleaning of beds
Mechanism that allows the adjustment and
arrangement of the bed
Lumbar support for injury prevention [8]
Legs and feet support [5]
Safety railings [3]

Patient’s
companion

Give emotional support
to the patient.

Access to the patient
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needs, as well as the angle of leg opening, without injuring the patient. Every piece in the
birthing bed has a touch membrane system that allows its individual and independent
movement. This facilitates the arrangement for every user through multiple adjustments
in the birthing bed, along with the ability to ease the understanding of its use.

4 Design Evaluation

Lastly, in order to evaluate the users’ preference and opinion, one final survey was
conducted. In it, both birthing bed designs were presented and users were asked to
evaluate them taking into consideration factors like: safety, comfort, efficiency, form,
color, adaptability, technology and use easiness. The survey was conducted among 80
users, sampling 10 of each group mentioned previously. The answers of the users about
these aspects are presented in the following figure (Fig. 3).

Fig. 3. Users’ percentage comparison about the different aspects between the birthing beds and
their preference towards each bed. The results about birthing bed #1 are presented in yellow,
while results about birthing bed #2 are presented in blue.

Fig. 2. Birthing Bed #2, aspects mentioned in Table 2 and surveys were taken into
consideration in the design process of this bed.
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Based on the results presented in Fig. 3, it can be assumed that users prefer the
design of birthing bed #2 regarding the evaluated aspects. Additionally, some of the
comments presented by the users made emphasis on the touch technology in the bed,
stating the contribution it makes to the use and understanding of the bed. This helps to
demonstrate that an UCD generates a more positive reaction on users, as well as a
preference towards the birthing bed created with this approach.

5 Conclusion

Even though EBD helps develop designs that maximize functionality and work flow,
an UCD methodology helps develop designs that satisfy the needs of different users. In
both birthing bed design processes, different aspects were taken into consideration in
the development, yet, users showed major preference towards the design that con-
centrated on their needs.

With a design of adjustable sections by touch technology, birthing bed #2 allows
the user to understand its use, thus facilitating it, reducing mistake risks. Not only
because of the technology it applies, but also, for the considerations of the users’
characteristics, improving the ergonomy, by facilitating its use and understanding.
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Abstract. Tele-rehabilitation has evolved significantly in recent years thanks to
the latest advances and low cost of the 3D movement acquisition technologies.
Autonomous physical rehabilitation from home through the use of serious
games requires measuring angles of interest and compensatory angles of the
patients when they perform the exercises. this work has been focused in creating
a game with an architecture based on the Unity 3D engine to support rehabil-
itation activities. It encompasses the acquisition of an articulated skeleton, the
customization of a character (avatar) in friendly scenes, and the compute of the
required angles to evaluate a set of exercises.

Keywords: Serious game � Telerehabilitation � Movement quality � ePhoRt

1 Introduction

Telerehabilitation has evolved significantly in recent years thanks to the latest advances
in technology [1]. The interaction of people with recreational applications, such as
serious video games, is also increasingly common [2] in areas such as fitness, health,
rehabilitation and so on. This is due to the 3D movement acquisition devices [3] at a
low cost. These devices allowed that the traditional rehabilitation practices can be
improved and accompany the patients during the healing process to make it more
effective and efficient. The acquisitions of the interest and compensatory angles can be
obtained for each of the performed exercises to evaluate the movement. However, the
evaluation of the movement quality represents one of the main needs and challenges
these days [4] because the computation of the angles while the patient performs the
exercise is computational expensive and data may sometimes be missing. An important
factor before, during and after a therapeutic program.

The physical rehabilitation systems require measure the movement thought a set of
joins points taken by a motion tracking technology. Also, another aspect that requires
special attention is the study of pain behaviors through facial or verbal expressions of
discomfort. Pain is an important factor in the health area and needs to be considered
carefully. Taking these needs into account and considering that serious games are
gaining an ever-increasing interest for education and training, this work has been
focused in creating a game with an architecture based on Unity 3D engine to perform
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rehabilitation exercises. It encompasses the acquisition of an articulated skeleton, the
customization of a character (avatar) in friendly scenes, and the compute of the required
angles to evaluate a set of exercises. Also, it is having been focused in characterizing
the signal taken by the motion sensor through angles to assess the quality of the
exercises.

Four scenes and three types of characters were developed as part of the person-
alizing process, as well as the laterality of surgery. The character was built with the
Blender1 and the Facebuilder module2. Blender allows us to personalize the avatar of
the character while the Facebuilder help us to use the patient’s face in the avatar.
Besides, some objects were included to support the patient while he accomplished his
goal in each exercise.

The set of exercises were suggested by a physiotherapist for patients who has been
underwent a hip surgery. The exercises available in this study were: “hip abduction”,
“slow hip and knee flexion”, “hip extension” and sequence of steps “forward, laterally,
backward”. For each of these exercises, the calculation of the angles of interest and
compensatory angles is carried out by means of 3D agreed coordinates using the
Vitrivius library3. This technique allows evaluating the quality of movements. The
paper is organized as follows: section two describes some related work in the context of
serious games and physical rehabilitation. Then, we present an architecture based on
serious games for calculating the movements of patients. Section four describes in
detail the calculations performed for 4 physical rehabilitation exercises. Finally, con-
clusions and future works are presented.

2 Related Work

In the context of tele-rehabilitation, several home-based rehabilitation platforms have
been developed in the last decade [5]. Significant progress in capturing movements [6]
has enabled progress in home rehabilitation systems with several novel solutions. One
of the novel solutions at home are accompanied by serious games to facilitate a playful
but also a challenging rehabilitation. Techniques to detect 3D movements can be done
using two strategies [6]. The first one is based on the use of chews, which must adhere
to the person’s body. The second one uses the depth cameras supported by a quanti-
tative analysis in real-time [7].

From the physiotherapist perspective, the evaluation of low-cost exercises is carried
out through the analysis of movements. ePHoRt [8, 9] is part of this type of support and
was designed for the physical rehabilitation of hip surgery patients. Initially this project
used DTW [10, 11] to evaluate the capture of movements. However, the evolution of
the platform has allowed the incorporation of new fewer complex mechanisms to assess
the quality of movements.

1 Blender: open source 3D creation suite. https://www.blender.org/.
2 Facebuilder: add-on for Blender. https://keentools.io/facebuilder/.
3 Vitruvius: 3D motion framework. https://vitruviuskinect.com/.
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In this work, the incorporation of a recreational environment based on Unity 3D is
developed. The integration between the Djando platform and the Unity 3D environ-
ment allows the customization of various scenarios, avatars and, above all, the eval-
uation of the movements desired by the rehabilitation exercises.

3 Architecture

Figure 1 resumes the architecture proposed in this work, which is divided into the
following aspects: (1) the connection between Django and Unity 3D; (2) the acquisition
of the patient’s movements; (3) the execution of custom scenes; and (4) the interest and
compensatory angles. The acquisition module captures the patient’s movements using
an Orbbec camera and mimic the movements by mapping each point of the avatar with
the Nuitrack technology. The work and compensatory angles are computed by the 3D
motion framework Vitruvius. At the end of a repetition, the data is stored in a JSON
and sent to the platform.

Before start, the Serious game get the patient’s information (sex of the avatar,
background of the video game, object of interaction, laterality) to create an avatar and
to mimic the movements. And, at the end of a repetition, the serious game sends the
processed data (photos, angles) to the platform. The serious game has a connection
module to perform all the necessary functions to connect to the web platform, including
data input and output methods. The application works as a client while the web plat-
form works as a server under a TCP protocol. Once the connection is established, it is
maintained throughout the session.

An operating module offers all the necessary functions of the serious game. When
starting a session, after obtaining the exercise data, they are processed and housed in
static variables; allowing us to use this data in all scenes. The first data that is processed
is the scene data, since the serious game is divided into several scenes, it is necessary to
know which one will be used in the exercise session. Once a scene is selected, data is
processed such as the avatar to be used, the object with which to interact, as well as the
number of series and repetitions of the session and the laterality corresponding to the
left or right position. where the object will be positioned.

Blender was used for avatar customization. The process requires a minimum of 8
photos taken of a patient at different angles. A docking with FaceBuilder allows you to
adjust the mesh with your photos to take a shape like the head. Once this process has
been developed, the textures are created based on the photos taken so that it is the same
face of the patient. Using the data, a playful environment is established that works
according to the specifications of the patient and physical therapist.

4 Calculations Performed for 4 Physical Rehabilitation
Exercises

To calculate the interest and compensatory angles, two objects were created in Unity
3D. The first one, provides access to the depth sequence, while the second one, allows
information to be obtained from points on the human body. Each joint is represented in
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a set of coordinates X (horizontal), Y (vertical), Z (depth). The X, Y values can be
positive or negative, while the Z coordinate values will always be positive because the
patient is in front of the reference axis that is the sensor. The joints have been repre-
sented by a metric system; therefore, their unit is the meter.

Fig. 1. Global architecture

Using Serious Games and Motion Tracking for Physical Rehabilitation 183



Figure 2 proposes the measurement of an angle formed by three joints A, B, C
having as center point or angle of interest joint B. The angle formed by the vectors AB
and BC is calculated, this angle is given by the inverse cosine of the scalar product
divided by the multiplication of the magnitudes using the formula Eq. (1) on Fig. 2.
The first step in calculating the alpha angle of interest is to find the X and Z coordinates
formed by vectors AB and BC using Eqs. (2) and (3). The dot product, denoted by
Eq. (4), is the sum of the products of the components of vectors AB and BC. The
second step is to calculate the length of the vectors AB and BC, using Eq. (5). Each of
the exercises generates a torso compensation angle as shown in Fig. 2 (left panel). Its
angle can be calculated with Eq. (6). With the use of these equations, the calculation
can be made in the joint of interest and compensatory of the patient for the 4 exercises
called: (1) Hip Abduction; (2) Slow Flexion of Hip and Knee; (3) Forward – Sideway –
Backward Sequence; and (4) Hip Extension.

5 Conclusions and Future Works

The global architecture presented in this work encompasses the customization of the
character, the incorporation of various scenes created in Unity and the integration of
various objects to support the process of executing the exercises. An evaluation module
of 4 exercises was established by calculating angles of interest and compensatory
angles allows evaluating the quality of movements.

The evaluation results are sent via TCP to the ePHoRt platform as well as base64
image captures for the study of emotions and especially pain. In view of a future
increase in the definition of rehabilitation exercises by physiotherapists, efforts will be
directed towards the generalization of the angle measurement module so that they can
be configured from the ePHoRt platform.

Likewise, it is also envisaged to incorporate a flexible module for personalizing the
scenes and using avatars to increase the possibilities of personalizing the games.

Fig. 2. Calculation of angles
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Finally, a great challenge to be performed in the short term is the study of the quality of
movements using inertial sensors to verify the precision and difference in the calcu-
lations of both systems.
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Abstract. The design process for a birthing bed in search of incrementing the
satisfaction of every user involved during delivery. Our design proposal seeks
adequate participation of them during the delivery. The users considered in this
study are the mother, the companion, the gynecologist/obstetrician, the pedia-
trician, the anesthesiologist, the birth nurses, and the maintenance personnel.
The design proposal was determined based on the following aspects: increasing
comfort, safety, emotional state and effectiveness in the delivery process.

Keywords: Birthing bed � User-Centered design � Space � Technology �
Participation � Gynecology � Postures � Health

1 Introduction

This study presents an approach to the birthing bed, the name of the product is
“Odette”, its focal point is increasing the satisfaction of the seven users involved during
the natural childbirth process.

The nucleus of the development for the birthing bed was UCD, that is, User-
Centered Design. This is due to the fact that analysis was carried out to aim at
improving comfort, safety, emotional expectations, and effectiveness during delivery.

In 2016, the Healthcare Design Expo, held in Houston, Tx. USA. It was concluded
on the Basis of Susan Francis’ book “Plan for the Uncertainty: Design for Change” that
the development of the medical environment can positively influence the effectiveness
of any given medical procedure [1].

The design process was carried out as detailed below. The birthing bed is divided
into two priority parts: Main Body and Accessories. (Figure 1) Subsequently, an
analysis on the relationship between the birthing bed and its users will be shown.

© The Editor(s) (if applicable) and The Author(s), under exclusive license
to Springer Nature Switzerland AG 2021
W. Karwowski et al. (Eds.): IHSED 2020, AISC 1269, pp. 186–191, 2021.
https://doi.org/10.1007/978-3-030-58282-1_30

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-58282-1_30&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-58282-1_30&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-58282-1_30&amp;domain=pdf
https://doi.org/10.1007/978-3-030-58282-1_30


2 Project Development

2.1 Main Body

The body structure consists of 3 main parts: the backrest, the mother’s seat, and the
gynecologist/obstetrician seat. Each one of these pieces are made up of two elements
for each member: the solid structure made of ABS plastic, and the padding that is made
out of memory foam covered with seamless bacteriostatic skin with an epoxy powder
finish that helps against corrosion [2].

Backrest: It acquires an enveloping shape on the patient due to the side rails used,
while the padding, through an ergonomic shape, provides comfort and support to the
lower back; which is the most affected during labor [3]. In addition, it has a removable
head that is also adjustable to the prefered height, giving the mother stability to the
upper part of the torso. The backrest manages to adapt to different positions according
to the progress of the delivery process; or in other cases, according to the requirements
of the doctor or the patient.

The Mother’s Seat: The seat was ergonomically designed to better support the
patient’s pelvic section. The pelvic section, being a primordial area during the delivery,
requires greater visibility and accessibility for easy maneuvering, by means of which a
semicircular cutout included in the design of the seat.

The Gynecologist/Obstetrician Seat: The seat for the doctor, being part of the main
structure, has the advantage that the height can be modified independently as desired by
means of the hydraulic piston system, it can also be used as support for the patient’s
legs.

Fig. 1. Final design
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2.2 Accessories

Organic Waste Bin: The waste canister sits within a rail so it can easily be inserted
into it, so in this way the area can be disinfected and sterilized with a greater speed and
minimal effort. Based on the Mexican Standard (NOM-087-ECOL-SSA1-2002) [4],
the bin has small fasteners, on which a red or yellow bag will be placed, as the case
may be for the specific biohazard waste [5]. Following the same regulation, the volume
requirement within a capacity of 4.5 L was met. Lastly, the material used was surgical
steel (stainless steel 304).

Leg Supports: Using a system of pressure valves so they can be adjusted to the
patient’s legs, favoring the circulation of blood, this to avoid the formation of clots in
the arteries. The material implemented is medical grade leatherette with a polypropy-
lene interior [6].

Multiparameter Monitor: It shows the digital display (visual and auditory) of the
vital signs of the fetus and the patient. In reference to the audiovisual and physical part,
it’s an LCD with plastic covers in ABS material. It has the option to modify the
brightness and sharpness of the screen; as well as raising or lowering the volume. The
technical parameters does not exceed 60 Hz/240 V for the optimal performance.
Operates on rechargeable or disposable batteries that work independently of the
birthing bed’s supply [7].

Patient and Physician Controls: Designed to be intuitive and attractive to the user
thanks to its simple iconography system. Within the technical parameters, the IP67
grade stands out (indicator of resistance against the ingress of solids and liquids) [8].
Similarly, it works on the basis of radio frequency, by virtue of its long signal range.
It’s made with an ABS plastic cover and the buttons are made of elastomer (Dynaflex).

Handrails and Side Railings: They are ergonomic and provide additional support to
the mother. Also they can be used as a fulcrum to gain more strength when pushing
during labor. They consist of two parts, a more solid part that is made with ABS plastic
and a padded part of Memory Foam, which allows the adaptability and support for the
mother’s hand, which reduces the pressure in the area.

2.3 Available Positions

The functional and ergonomic design of the birthing bed includes the following
positions:. [9, 10] (Table 1).
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2.4 Users

The birthing bed “Odette” presents various advantages since it takes into account the
needs and comforts of all participating users. The aspects that were considered for each
case are listed below [11, 12] (Table 2).

3 Evaluations

Based on the UCD analysis, the following four aspects evaluated were taken into
account, as well as the preferences mentioned above. According to the research carried
out in South Korea, these qualities are considered as most important, which relate to the
physical dimensions, emotional and social aspects [13] (Table 3).

Table 1. Available positions

Name Description

Squatting position Position that allows the diameter of the pelvis to open and with
the force of gravity, facilitate the labor

Semi lying down Effective position for labor, the fetus manages to fit into the pelvis
in the correct way so that the delivery can proceed safely and
normally

Gynecological position
(Lithotomy)

The main advantage is the easy access for the obstetrician to the
woman’s abdomen to monitor the fetus

Lateral position It will only be on the left side due to the fact that otherwise, the
weight and pressure of the body could trap the vena cava,
possibly producing an abnormal blood flow that can affect the
placenta and the fetus

CPR position Cardiopulmonary resuscitation should be performed with the
patient in a completely horizontal position

Table 2. Users

Name Improvements implemented

Mother Ease and freedom to choose the right position for the delivery which
brings benefits such as comfort, security, feeling of freedom, pain
reduction, among others

Obstetrician
gynecologist

Easy access to the mother’s pelvic area. Use of part of the birthing bed
as a seat

Pediatrician Accessibility to the area to receive the newborn
Companion Designed so that the companion can have interaction with the birthing

bed and participate without causing any inconvenience to other users
Anesthesiologist Easy access and monitoring of the patient
Maintenance staff Being able to carry out the cleaning in an adequate way, counting with

sanitary curves that allow optimal cleaning of the area
Nurses Intuitive design that facilitates the correct operation and arrangement of

the birthing bed
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4 Conclusions

Based on the information presented in this document, it can be concluded that thanks to
the use of user-centered design methodology, it was possible to increase user satis-
faction by taking all users involved in the different phases of a natural childbirth into
consideration throughout the design process. This allowed us to identify the specific
needs of each person and take them into account during the design process to design a
product that offers optimal satisfaction to all users.
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bed to be completely safe

56% of users consider the birthing
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bed to be completely comfortable

43% of users consider the birthing
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Abstract. Nowadays, we are facing rapid educational and technological era,
therefore there is increased need to highlight the connection for teachers to
rediscover improved teaching-learning processes. The actual educative pro-
cesses are being developed in virtual learning environments, offering flexible,
far reaching distance learning, and better tools for teachers and students in the
2.0 web, this has allowed discovering countless opportunities to improve
learning environments, offering students an education that responds to the reality
where they can flourish, innovate and develop. The present research brings up as
its objective the analysis of the implementation of virtual learning objects in
learning math, and as a result, the creation of an innovator technological pro-
posal in the process of teaching-learning.

Keywords: Virtual learning objects � Virtual learning environments �
e-learning � b-learning � Math educative process

1 Introduction

The implementation of virtual learning objects (VLO) arises as an alternative to face
educative issues such as low academic performance, desertion, and repetition of school
years; with these tools given to professors, it is pretended to overcome these situations,
proposing an educative innovation in relationship to methodology and didactic
resources that are used by teachers, focusing in the area of math through the imple-
mentation of VLOs, with the use of the information and communication technologies
(ICT), transferring the educative scenario to the virtual learning environment (VLE).

According to the data reported by the Organization for the Cooperation and Eco-
nomic Development (OCDE) [1], Latin American countries, the context of interest for
this investigation, presents a low-performance level in evaluations of math and other
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examined areas. Specifically, Colombia has reported an average of 390 in the stan-
dardized evaluation in the areas of sciences, reading and math, achieving the place 61st
out of 70 evaluated countries. Peru obtained the 62nd place, with an average of 387
points in math. On the other hand, Uruguay holds the 51st place, with an average of
418, which places these countries among the last places in the table, far from countries
such as Singapore that counts with an average of 564, representing to the 4.8% of the
total of their students presenting low-academic performance in sciences, reading and
math (OCDE) [1].

These data allow highlighting a regional level of difficulty in Latin American
countries, referring to the development of learning and comprehension of math and a
high percentage of students with low academic general performance. This reality is not
different in Ecuador, taking into analysis the Report of Education in Ecuador for
development PISA (National Institution of Educative Evaluation) [INEVAL] [2], it is
evident that the obtained results achieved by the students are not different to those
reflected in the region.

The obtained results in Ecuador arises to an average of 377, being 10 points less in
comparison to the academic performance evidenced in Peru and with 44% of students
presenting low-academic performance, it is mentioned that in reading subject 51% of
the students could not reach the level 2, this number increases to 57% in science and an
alarming 71% in math [2]. These data show Ecuador students’ low-academic perfor-
mance level, emphasizing math area, which represents a higher issue because of the
elevated percentage of students that are placed lower the level of optimal performance.

2 Virtual Learning Objects (VLOs)

In a first approach to the term VLO, authors such as Callejas, Hernández, and Pinzón
[3] state that the term Learning Object was named for first time in 1992 by Wayne, who
associated LEGO learning normalized blocks, to reuse them in educative procedures,
conceptualizing a VLO as a Lego, because it allows in its structure to add many other
pieces like in a puzzle [3]. These virtual learning objects could be implemented as
educative resources in the E-learning setting (see Fig. 1), as well as in M-learning.
According to Colombia’s National Ministry of Education (MEN) [4] a virtual learning
object could be defined as a set of digital resources that could be used in a variety of
contexts, with an educative purpose and to be constituted by at least three internal
components: contents, learning activities and contextualization elements. Also, the
learning object must have an external information structure (metadata) to facilitate its
storage, identification and data recovery.

Therefore, a VLO is the set of digital resources such as materials, videos, activities,
images, and diagrams, that once those are linked and organized with a pedagogical
objective may be used as resources of learning of a determinate topic, since its
development involves a variety of tasks and materials immersed in the virtual learning
object, allowing the easier comprehension of any subject. It is important to mention that
the VLO is adaptable to the student’s learning rhythm and the content could be revised
any time and for many times, as it is stated by many other authors, the VLO’s goal is to
be used as a learning tool, so, students can learn in their own time and rhythm,
independently, the bases of a specific topic.
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3 Implementation of VLOs in Math’s Educative Process

As it was mentioned, the VLO may be applied in the teaching-learning process, since it
offers many possibilities to students, such as the learning rhythm adaptability, the
implementation of different activities that calls the student’s attention, through the use
of multimedia resources, games, quizzes, etc., with the advantage of being used as
many times as the student wants, assimilating the content of the VLO in his/her rhythm.
Figure 2 shows an example of an activity containing a VLO: a video quiz.

As it is stated by Morales et al. [5], the personalization of the different activities,
such as exercises, readings, videos and the variety of resources that a VLO offers,
allows the student a fluid learning. Through the use of VLOs, and virtual learning
environments (VLE), it is possible to work on exercises as part of mechanization

Fig. 1. Students learning with VLOs

Fig. 2. VLO’s audio-visual activity
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processes, applied problems, or as part of an evaluation procedure of any subject,
enabling teacher-learning processes. It is necessary to arise the need for a permanent
follow-up to the procedures and the corresponding examination for its optimal func-
tioning by the professor [5]. Figure 3 shows an example of an evaluation’s question
that could be find in a VLO.

Therefore, for future investigation, it is of great interest to implement the VLOs as a
didactical resource in the teaching-learning process, to improve students’ math aca-
demic performance.

4 VLOs Applied in the Teaching-Learning Procedures:
Previous Studies

To identify the VLO’s use relevance in the educative process, it was made a previous
revision of the literature, focusing in the use of VLO in the improvement of math’s
performance. Table 1 describes the s findings.

Fig. 3. Example of an examination in a VLO.
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5 Conclusions

The implementation of VLOs allows students autonomous learning that is adapted to
their own time. Since it is a reusable object, it allows the student to make feedback
through this object to the different doubts and questions that might present about a
specific point of the addressed topic, as it is the matter of this investigation, math.

The VLOs allow inserting on them a variety of activities such as games. Videos,
quizzes, readings, video quizzes, among many others that raise the attention of the
student, enabling learning with higher levels of motivation and in a natural way, since it
offers to students a technological environment according to the present era.

As a future investigation, we propose research with the Design Thinking Strategies
directed to students and professors in order to improve the relationship between the
VLOs design and the implementation of new resources on them.

Table 1. VLO’s use literature

Name Authors Investigation Findings

Construction of virtual
learning objects in
engineering from a
based-problem
approach

Parra and
Narváez
[6]

Construction of objects
to be applied in
engineerings such as
the representation of
variables, data input,
and output, assignation
of expressions

Virtual learning
environments involves
the organization of
learning activities that
directs students’ self-
determination

Interactive math:
¿Another way of
teaching math?

Terán [7] Data was obtained
applying the
participative
observation, interviews,
field notes,
photographs, and
videos

To achieve children’s
math learning with
pleasure and positive
attitude that will allow
the accomplishment of
meaningful learning,
teachers must propitiate
challenges that will get
the whole kid’s interest
and in this way
changing mental
schemas

Virtual objects’
prototype for exercising
math’s learning in the
first- grade of basic
education

Lizcando
[8]

VLOs’ prototype design
for first grade children
and the application of a
pilot study

It is noted a general
improvement after
using the VLO,
comparing the
performance pre and
post-test, that could be
explained considering
that the game
exercising requires
recalling concepts
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Finally, it is of great interest to the research team to develop virtual learning objects
for different subjects and topics, for being applied in the process of teaching-learning,
and to evaluate the impact that will have in the digital process.
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Abstract. Technological resources have as a goal to facilitate knowledge
acquisition, storage, and use, to achieve the results proposed in the teaching-
learning process and to obtain meaningful learning. The research proposed as
following is based on a correlational methodology, which is oriented towards
the improvement of the teaching-learning process and has as aim, to study the
relationship between technological resources and meaningful learning of stu-
dents belonging to high-school level. Results obtained are as following:
(a) higher availability of technological resources produce an increase of
knowledge acquisition (r = 0.42, p =< 0.001) and (b) while there is higher
scientific literature available, students’ skills will be higher too (r = 0.53,
p =< 0.001).

Keywords: Technological resources � Meaningful learning � Social science

1 Introduction

The investigation of the relationship between technological resources and meaningful
learning of students belonging to high-school is important since it allows to determine
and deep into the causes of an educative latent problem. Also, education at the present
faces new demands, such as the use of technological resources for the students to
acquire meaningful knowledge through their study years [1].

The profile of the instructor and students has evolved with the digital era and the
technological innovations that the XXI century offers. The instructor from the XXI
century must be prepared to face the new challenges of education because of these
innovations. These challenges implicate to promote a lasting learning attitude, to
propitiate critical thinking and curiosity to investigate, as well as being flexible
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according to the students’ context and their learning environments. Also, integrating
technology to the classroom guided by pedagogical strategies that promote collabo-
rative work and active learning, allowing to build an educative framework where
students are, as result, independent, self-sufficient and critical, guided by innovator
professors with the capacity of connecting technology and pedagogy [2].

Results from the United Nations for the Educational, Scientific and Cultural
Organization (UNESCO), through the Second Regional Comparative and Explaining
Study, stated that there are a few goals achieved in primary and secondary education in
countries form Latin American [3].

2 Technological Resources

Education faces great challenges responding to the new technological changes.
Technological resources use has become a nodal point in the teaching-learning process,
as well as the knowledge scope, because it facilitates the professor’s development, to
learn interactively, offering quality education and improving student’s learning process.

A technological resource is a means that depends on technology to accomplish its
goal. Technological resources could be tangible and intangible. Nowadays, these are
essential pieces in schools, businesses, and homes [4]. In this sense, technology has
become the key ally to professors when they are capable to integrate it as another
resource in the teaching-learning process.

Nowadays, education faces multiple technological challenges and with them, the
main one is to give answers to the society about knowledge, the use of ICT implies
choosing and to adapt the material, as well as to guide the students in the selection of
contents for socially pertinent learning. The challenge is accomplishing the student to
differentiate among the positive and negative information, looking for information in
the network and being capable to build a valuable judgment about the things they find
and read [5].

2.1 Technologies for Learning and Knowledge (TLK)

This term has been introduced in the educative setting, which has allowed its devel-
opment when looking for new alternatives to insert technology in the learning process,
these are the TLK, which are closely linked to the education, thanks to the techno-
logical advances and its inclusion into the education. The teaching-learning process
allows forming the students in an integral manner, since digital didactics in the
educative setting is used, in order to implement higher interactivity in the classroom
and to achieve meaningful learning.

The TLK serves to design, implement and to evaluate activities and tasks that go
beyond the instrumental use of devices, systems and processes, in order to appropriate
a setting that will increase the interest and learning management, to exercise, illustrate
propose, interact and exemplify [6]. Although, it is important to address that the
transformation to ICT to TLK will be pretty difficult if there is not a change in the
teaching practice [6].
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3 Meaningful Learning

Within the educative context, meaningful learning implies that knowledge has a special
meaning for every person, and it is the one linking new information to a relevant
concept already existing in the student’s cognitive structure.

This proposal arises since David Ausubel, who, in 1963 when the behaviorism
framework gained all the attention, proposed as an alternative for the teaching-learning
process a model based on the discovering, which privileged activism, postulating that
what has been discovered is learned. Ausubel understood that the human mechanism
by excellence to raise and preserve knowledge was receptive meaningful learning, in
the classroom setting and in daily life [7].

4 Relationship Between Technological Resources
and Meaningful Learning: Investigation Hypotheses

The present investigation formulated its hypotheses concerning two variables, on one
hand, technological resources, and, on the other hand, meaningful learning. The
approach is directly proportional, meaning as next, H1 while higher is the availability of
technological resources, higher acquisition of meaningful learning will be, and, H2

while higher scientific literature is available, students’ skills development will increase
too.

5 Method

Participants
This investigation worked with a randomized sample of 231 high school students,
belonging to the private educative system from a Latin American country (Quito-
Ecuador).

Research Design
This investigation is quantitative and with a correlational approach.

Instruments and Procedure
Collecting information was realized by applying two instruments to the participants,
through Google Forms. The first questionnaire measured the use of technological
resources and the second one measured meaningful learning. Table 1 shows the
instrument’s reliability indexes.

Table 1. Cronbach’s Alpha analysis

Questionnaire Cronbach’s Alpha Elements’ No.

Technological resources availability .71 5
Scientific literature availability .81 5
Knowledge .78 5
Skills .79 5
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Data Analyses
Descriptive and inferential statistical techniques to analyze hypotheses and instru-
ments’ reliability were applied.

6 Results

Hypothesis 1. According to the correlation analysis, it is possible to determine that,
there is a directly proportional relationship, as it is shown in the dispersion diagram,
where is possible to observe that when the availability of technological resources in the
teaching-learning process is higher (variable A), there is a higher acquisition of
meaningful learning (variable B) See Fig. 1.

Hypothesis 2: According to the correlation analysis, it is possible to determine that,
there is a directly proportional relationship, meaning that, while higher is the scientific
literature availability (variable A), students’ skills will increase too (variable B) See
Fig. 2.

Fig. 1. Dispersion diagram of technological resources and knowledge availability

Fig. 2. Dispersion diagram of scientific literature and students’ skills.
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7 Conclusions

In this correlational study, it is possible to evidence from the hypotheses analyzed that,
there is a directly proportional relationship between technological resources and
meaningful learning. Thus, while more technological resources are used in the
teaching-learning process, more significant knowledge will be obtained by students.

From these results, it is possible to propose the future research of the presented
variables for its projection for the execution of studies about the implementation of
technological resources and which should be evaluated through experimental studies to
determine the effect on the actual teaching-learning processes.
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Abstract. Nowadays, technological advances encompass realities that in the
last century were possible just as fantasies. Society lives now in a technological
era where education must look for the path and tools to get the benefits that these
advances offer, as well as the technological innate abilities that have been
developed in students of this generation, who have been nominated as digital
natives. For 2017 the capacities and use of virtual assistants have been signif-
icantly expanded, new products are offered in the market, although, these
assistants are sub-used with basic functions solely, not taking into account the
offered benefits. The present work aims to describe the different virtual assistants
that could be used as an educational tool contributing to the teaching-learning
process.

Keywords: Virtual assistants � Artificial intelligence � ICT � M-learning �
Teaching-learning process

1 Introduction

From the emergence of ICT and the incorporation of them into the educational field
there have been new challenges to be created and not just for the production, repre-
sentation, diffusion, and access to knowledge, but also in innovating constantly and
generate new learning conditions in environments which are not the conventional ones,
offering chronic and asynchronous communication [1].

The availability of technological devices variety inserted in the teaching-learning
process offer a high-rage of possibilities to the professor of the XXI century, to generate
learning that responds to the actual reality and where students develop [2]. Unques-
tionably, technological improvement will keep continuing faster [3], proof of that is the
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invention and technological boom of the virtual assistants that work with virtual
intelligence. There are many developers which have caused the use of these assistants
and the significant expansion worldwide [4].

Thousands of users, between them, students, are familiarized with the usage of
different applications, platforms, and technological educative devices since virtual
assistant’s availability goes from the ones that are incorporated to mobile devices such
as SIRI, which is incorporated to Apple’s devices, Google Assistant in mobile devices,
Cortana, incorporated to computers and recently, intelligent speakers such as Google
Home, Google home mini, and the Amazon’s Echo dot which counts with Alexa, and
many more others.

In that sense, it is proposed a theoretical revision of the principal technological
developers that has been created to improve educative processes at different levels, as
following. This work contributes significantly to professors to count with a range of
possibilities about technological resources that might be used in their daily practice.

2 Virtual Assistants Contributing to Education

A virtual assistant is an intelligent agent, capable of perceiving its environment, pro-
cessing those perceptions and answering or acting in its environment rationally [5], a
software-based on artificial intelligence (AI) that could realize tasks or offering services
to a user, being capable of realizing some actions common to humans, taking into
account two characteristics: reasoning and behavior [6], this assistant could be set and
adapted to users’ needs, even being used as an educational tool in a class since these
allow a constant interaction user-assistant.

This interaction catches children, teenagers, and adults’ attention, since there is the
possibility to talk to a virtual assistant, obtaining an answer which generates users’
surprise and curiosity [7], producing an inner motivation, this fact could be useful to
improve the learning experience, being a novel and advanced way that integrates ICTs
into the education field. As it is affirmed by Escorcia and Triviño [8], an advanced
integration is evidenced in management strategies for ICT usage, as well as designing
learning environments or designing projects which imply technological use. Figure 1
shows how the interaction with the assistants generates emotional responses from users.

2.1 Virtual Assistants in Mobile Devices and Computers

Siri
One of the pioneers of virtual assistants is SIRI, which has been created in 2007 [9].
Apple describes it as artificial intelligence with functions of a personal assistant, it is
present in devices iOS, macOS, tvOS, and watchOS, within its functions are answering
questions, making recommendations using natural language processing (NLP), con-
trasting information, makes calculations, becoming a type of mobile encyclopedia,
which may be used as another learning tool in the teaching-learning process.

Cortana
This assistant was developed by Microsoft, appeared in 2014, at the beginning it was
designed for Windows 10. Between its functions are natural voice recognition without
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the need to use the keyboard and answering questions using the information from the
searching motor Bing [10]. Figure 2 shows a representation of the Cortana virtual
assistant.

Google Assistant
This is a virtual assistant developed with artificial intelligence by Google, it is present
in domestic and mobile intelligent devices [11], appeared in 2016 and it is possible to
interact with it through voice, admitting the input to the keyboard and its principal

Fig. 1. Interaction with an intelligent speaker

Fig. 2. Cortana’s representation
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educative uses are voice commanders or fast answering to any topic, students interact
as a game with basic knowledge in a range of areas [12] (see Fig. 3).

2.2 Virtual Assistants in Intelligent Speakers

The evolution of virtual assistants drew strength when intelligent speakers Siri and
Cortana were launched, as well as its mobile devices and computers’ version. On the
other hand, Google’s assistant counts with an intelligent speaker denominated Google
home. Samsung counts with its intelligent speaker Bixby, and Amazon counts with the
Echo dot, which is integrated with Alexa’s assistant and will be detailed in the next
paragraph. Figure 4 shows intelligent speakers from each developer already explained.

Alexa
Alexa was launched in 2014, it is a virtual assistant developed by Amazon, using the
intelligent speaker named Echo dot, within its educative functions are answering
questions, contrasting and looking for information of any topic, translating to a variety
of languages, solving math exercises, makes conversions, calculations, looks up for
synonyms, reads fairy-tales, etc.

Fig. 3. Educational interaction with Google assistant.

Fig. 4. Intelligent speaker
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Also, when it is synchronized to a mobile device, it offers the opportunity to
incorporate different abilities, these are nominated by Amazon as «Skills», is equivalent
to the applications that are known in mobile devices. With these abilities inserted,
Alexa becomes more intelligent allowing users to realize more functions just by telling
Alexa what to do. It uses a set of tools, creating natural experiences by voice [13].
Nowadays, there are a variety of skills designed with educative goals, which would be
used in the teaching-learning process o even in the autonomous students’ learning.

2.3 Usage of Virtual Assistants Contributing to Education Field

Even when the usage field of the assistants in learning environments are not studied
deeply, it is possible to point out some options, from which we will mention as
following.

Virtual assistants could work as virtual professors, since they could keep an
interactive conversation with the user, as it happens in the scholar environment, acting
as an interactive professor or guide capable of solving questions, explaining some
matters and also realizing automatic and personalized evaluations for each student [14].

Another option is the possibility of enhancing the learning of a second language
since Alexa translates words and uses Skills to teaching languages and using answering
corrections allowing to verify them and improving into the wanted expression [6]. In
this sense, it offers the students the opportunity to acknowledge their mistakes, learning
from them and being evaluated from their hits.

3 Psychological Benefits from Virtual Assistants in Learning
Processes

Inner motivation is one of the benefits of using virtual assistants in the teaching-
learning process, as it was previously analyzed, the usage of virtual assistants results
novel and innovating for students, that is why learning became pleasant and improve
results. According to Anaya and Anaya [15] when executing a task and there is joy,
exists an inner positive motivation, since positive emotions influence inner motivation,
thus, students’ significant learning is possible.

4 Conclusions

Technological innovation is necessary to the present era education, reducing the gap
between education and reality results imperative nowadays, that is why this study
presents a closer look to the virtual assistants developed by different technological
businesses, analyzing its characteristics and possible usefulness in the educative field.

As a contribution to education, it is proposed from the technology area to imple-
ment virtual assistants in the teaching-learning process and being able to evaluate the
impact on students’ academic achievements.

As for delimitations of this study, it is important to address the accessibility to the
different devices and the internet connection that the schools count with, depending on
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their location, as well as the risk of not being well-used with an educative objective
within a set already planned and being converted on distractors agents, instead of
educative, so, it is important to consider the curricula planning integrated to virtual
assistants to improve learning processes.

It has been affirmed that studying the application of virtual assistants and its usage
in the educative field is scarce, that is why this investigation took place, opening a new
research line for the future in this area. Also, it is of great interest to the research team
to corroborate the effects of the usage of these technological resources with experi-
mental studies.
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Abstract. The aim of this interaction exhibition of Chinese traditional furniture
is to increase visitors’ experience of Chinese traditional furniture and its mortise
and tenon structure. Cinemagraph effect, virtual reality and motion capture
sensors technology are used. First, when visitors go across the virtual ancient
painting “Western Garden” drew by Xie Huan from Ming dynasty on the wall,
the cinemagraph effect used in the painting would attract more interest of vis-
itors. Second, with more interest, some visitors can approach the real mortise
and tenon structure of Chinese traditional furniture, and can fix or unfixed the
structure directed by virtual installation instructions on the wall. Third, some
volunteers would be chosen to participate the interaction activities wearing the
motion and movement capture sensor system. The volunteers would be con-
sistent with the virtual characters in ancient paintings, experiencing the ancient
life scenario with ancient furniture and furnishings around.

Keywords: Motion capture � Virtual reality � Chinese traditional furniture �
Mortise and tenon

1 Introduction

Cultural heritage study and protection is a vital research field, and many research
findings are just published in academic journals and books. However, the display and
communication of these research findings for public is not enough. With the help of
motion capture and virtual reality technology, the public will have the chance to
interact with real mixed with virtual cultural heritage, touching, fixing, folding, and
even immersing in the mixed reality display environment [1]. The paper would show
the interactive exhibition of Chinese traditional furniture with the technology of motion
capture and virtual reality, and study how visitors interact with the real mixed with
virtual works.

The aim of the interactive exhibition of Chinese traditional furniture is to show the
ancient usage scenarios of Chinese traditional furniture, and display the artful and
ingenious mortise and tenon structures [2] to inspire people’s imagination and creation.

A famous painting “Western Garden” drew by Xie Huan [3] from Ming dynasty
would be used to illustrate an ancient scenario of Chinese refined scholars and their

© The Editor(s) (if applicable) and The Author(s), under exclusive license
to Springer Nature Switzerland AG 2021
W. Karwowski et al. (Eds.): IHSED 2020, AISC 1269, pp. 209–214, 2021.
https://doi.org/10.1007/978-3-030-58282-1_34

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-58282-1_34&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-58282-1_34&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-58282-1_34&amp;domain=pdf
https://doi.org/10.1007/978-3-030-58282-1_34


furniture around. The painting would be shown in the exhibition hall with virtual
animation on the wall and real Chinese traditional furniture and furnishings on the
exhibition floor.

2 Interaction Ways

The painting has all been digitized, and many details have 3D models and have
independent animations to play in proper time, including the characters, trees, animals,
furniture and furnishings around.

Three ways would be used to interact with visitors and participants who would like
to visit the exhibition.

First is for ordinary visitors. When visitors go across the restored ancient living
scene, the position sensor would capture the route of their visiting, and the cinema-
graph of the painting would play accordingly in line with the specific location of
visitors. From this way, visitors would be attracted by the cinemagraph to observe the
virtual ancient living scenario and the real ancient furniture and furnishings.

Second, if the visitors show more interest, they might have interest to take part in
the fix and unfix process of the mortise and tenon of Chinese traditional furniture
shown on the floor of the exhibition, which also matches with the ancient virtual
scenario in the painting. The sensor could capture the action of the visitors, and the
animation would show more details and illustration to direct the visitors to finish the
process. The whole process would be more interesting and interactive.

Third, if the visitors show great enthusiasm and have time, they could carry on the
action capture sensors system to experience the interaction with the virtual characters
and the ancient scenario in the painting. After wearing the action capture sensors
system, the participants would control the action of one character in the virtual
painting, and the character would follow all the actions made by the participants. In
other words, the participants would be one member of the ancient scenario in painting,
and they can go around and interact with the virtual characters in the painting through
capturing the motion of them. Of course, most important task that the participants
would be directed to experience is using of ancient furniture and furnishings in the
painting. Some furniture can be fixed and unfixed, and some furnishings can be played
with. Furthermore, the participants can also sit on the real furniture on the floor of the
exhibition, and fix and unfix the real furniture directed by the virtual animation of
installation instructions.

Through all of above, the participants would experience the ancient living envi-
ronment surrounding by real and virtual scenario and furnishings.

2.1 Cinemagraph Effect for Ordinary Visitors

The painting is in the environment of outdoor, surrounding by beautiful natural scenery
like trees, hills, pavilion, and even animals. Many furniture and furnishings are placed
in outdoor garden, which is called “west garden”, and this is also where the name of the
painting comes from. Many refined scholars are gathering together to write poems,
appreciate paintings and enjoy the garden.
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The painting contains series of furniture, for example tables, chairs, stands, beds,
and so on, which is suitable to show the ordinary life of Chinese ancient refined
scholars. The exhibition assigned proper real ancient furniture and furnishings to match
the historical environment of the painting, which mixed the real and virtual environ-
ment together. When people visit the exhibition, they would immerse in the life scene
of the ancient people and the use state of these furniture vividly (Fig. 1).

Furthermore, when visitors go across the painting on the wall, the position sensor
would capture the exact position of the visitor. In the meantime, some vivid cinema-
graph [4] would played when then go by, for example, the figures wave, the branches
shake, the animals move, and even the incense burner on the incense table curls up.

The purpose of all the interactive details is to attract the visitors’ attention to stay
for longer time and pay more attention to experience, feel and observe the ancient
living environment, furniture and furnishings inside.

2.2 Touching and Fixing the Ancient Furniture with More Interest

If the implicit tips above all attract the visitors’ attention successfully, the visitors might
stay for a while to observe the exhibits of furniture matching the virtual painting. The
second interactive way would carry out.

The exhibits are real Chinese traditional furniture, some chairs are stable and
complete which visitors can sit on directly, and some show the mortise and tenon
structure of Chinese traditional furniture which visitors can fix and unfixed directed by
corresponding animation of installation instructions played on the wall integrated with
the painting.

For example, when visitors touch the fixable leg of the table (Fig. 2), the sensor
would capture the action and trigger the switch of play the animation to direct the fix
and unfix process, and also show the mortise and tenon structure from different per-
spectives to help visitors understand the structure. Once the visitors make some mis-
takes by accident, the mistake would be monitors, the animation would remind the
mistake points and direct them to modify them.

Fig. 1. The scene of visitors go across the interaction exhibition
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It is easy to study even slightly more complicated mortise and tenon structure
without any pressure, which is easier than ordinary exhibition without interaction. Most
of all, more participants would have more interest on Chinese traditional furniture and
its mortise and tenon structure because of the interactive experience.

2.3 The Interaction by Means of Motion Capture Sensor Technology

The exhibition would also invite some volunteers to wear motion capture sensor
hardware [5] to interact with the virtual figures in the painting. The motion capture
sensor hardware would record the process of the action and movement of the volun-
teers. One virtual character who plays the role of ancient people in the painting would
follow the full-body action and movement of the volunteers (Fig. 3). It seems that the
volunteers have already been in the virtual scenario of ancient life.

Furthermore, the volunteers would be directed to sit on the chair by the table
exhibited on the hall by the painting wall, where there are also virtual chair by virtual
table in the painting. When the volunteers sit, the virtual character in the painting also
sit, and they can communicate with each other, sharing the hot tea, enjoying the
fragrance in the censer, and studying about the table they are sitting by.

There would be a Chinese traditional high and low dual-purpose table nearby [6],
the volunteers would be directed to fix and unfix the dual-purpose table, and experience
two conditions of high table and low table. In the meantime, the virtual character also
follow all the motion and movement, keeping pace with the volunteers. The experience
of involvement not only make the volunteers increase interaction, but also infect vis-
itors surrounding, and encourage them to participate.

Fig. 2. The interaction scene of fix and unfix process
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3 Conclusion

The study focused on the digitization display and spread of Chinese traditional fur-
niture and its culture it contains. Mortise and tenon of Chinese traditional furniture is
exact and artful, which is the most important structure used in Chinese traditional
furniture. However, mortise and tenon structure is hidden inside the furniture, and we
cannot observe it from outside. With the help of motion capture and virtual reality
technology, people have more perspective to observe, touch, fix, and even immerse in
the mixed reality display environment, interacting with real and virtual furniture, which
add more possibility to know about the charm and secret of the structure and Chinese
traditional furniture itself.

The interaction exhibition of Chinese traditional furniture is a positive attempt to
combine the motion capture technology with cultural heritage display and spread.

Acknowledgements. This paper is supported financially by MOE (Ministry of Education in
China) Project of Humanities and Social Sciences Research Youth Fund (Project No.
19YJC760144).

Fig. 3. The Interaction wearing motion capture system
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Abstract. Intelligent building is gaining access to the construction industry all
over the world in recent times. Building functionality and the need for occupant
comfort has been the major drive toward advent of intelligent Buildings. In the
light of this, there is a need to carry out continuous evaluation of performance of
the building to ensure value for money. In this study therefore, post-occupation
building managers at different levels of types of buildings were censored within
the scope of the following parameters; awareness on current state of practice in
office intelligent building application, the level of satisfaction of managers and
the users of intelligent buildings’ performance, effectiveness of the security
system and access control in building and performance enhancement measures
to be adopted and factors that influences effective performance of intelligent
building accessories. Survey method was used with the aid of questionnaire the
resultant data was analyse using relative agreement index (RAI), Mann-Whitney
U-Test, Pearsons’s Chi-square test and Student’s T-test. The study presented
factors that influences integration of automated accessory in building and their
performance, effectiveness of security system and access control, conventional
automation application in building products among others. The study recom-
mend constructive innovative approach to intelligent building management,
strategic plan should be instituted in maintenance operation, proactive man-
agement building accessory, and collaborative stake holder inclusive manage-
ment, as panacea to forestalling negative attendant consequence of facility
negligence in intelligent building.
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1 Introduction

The concept of intelligent buildings has become an important area of focus in con-
struction and real estate practice all over the world. Intelligent building is used to
describe the total embodiment of building component that tends to operate in an
automatic way with little or no input of human effort. It is a wind of change in the
construction sector that tend to sweep off the art of getting work done mechanically
with automatic or learned machine approach. The development started from Europe,
Asia and other developed countries and into Africa. Construction industry has wit-
nessed various applications of intelligent systems that cut across various application
during construction process. However, there have been researches that focus on various
aspect of intelligent buildings. There are researches that focused on design, installation
and management of components of an intelligent building. In [1] [Kubba 2017]; [2, 3],
it was pointed out that researches have been focused on design and installation and
maintenance while little had been done on carrying out post occupancy evaluation of
the buildings.

In a study carried out by [4] G intelligent building was described from international
perspective considering the international context of the component of an intelligent
building. An intelligent building according to [4] is a building that has the ability to
combines the best available ideas, designs, materials and technologies in order to
produce and maintain an interactive, adaptive, responsive integrated and dynamic
intelligent environment to achieve the users’ objectives over the lifespan of the
building. [5] shared similar view with [4–6] in submitting that, an intelligent building
acts as a productive workspace that is also cost effective and user-friendly through an
integrated system of structure, building services and management with smooth running
within the components Also, [6, 7] opined that in Intelligent buildings are becoming
adaptive to our environment and contribute to the cyber-physical aspect of ecosystem,
to corroborate this fact [5], Modern houses are now sources of data along with our
mobile devices while taking note and imitating behaviors found in hardware, software
and artificially intelligent systems [8] and [9]. In line with the above review, sustaining
the intelligent systems in a building is of importance as the choice of the intelligent
systems, and that user compatibility is the key. Also, [5] and [3] stressed the impor-
tance of integrating an intelligent building components in a way that sustainability of
the components is maintained throughout the life cycle of the building.

This study therefore aims at comparing the levels of satisfaction of the end users of
the traditional buildings as compared to the fast-developing intelligent building systems
also measure the levels of comfort and adaptation to the occupants’ needs. This would
help provide feedback to the manufacturer of the building components for improve-
ment on the manufacturing process for better building performance. This is supported
in the approach in adopted in [5, 6] and [7].
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2 Materials and Methods

Primary data was obtained from post occupation managers and users of intelligent
buildings that are on ground at the selected locations of the research while Survey
materials adopted structured questionnaire design in a closed structure manner as
carried out in similar studies such as in [13, 14] and [16].

2.1 Material and Tools

In this study different materials and tools were used, part of the materials used are A-4
papers for the drafting of questionnaire, audio equipment, markers, pencils and biro.
Also, Statistical tools of SPSS was engaged in the processing of data collated from the
respondents. Some of the tools include Relative Agreement Index (RAI), Mann-
Whitney U-Test, Pearsons’s Chi-square test and Student’s T-test.

The Relative Agreement Index was calculated using the following relation.

RAI =
X

Wi ð1Þ

A� N

Where RAI = Relative Agreement Index, Wi = Weighted Sum, A = The number
of items on Likert scale of 1–5. N = individual weight of the scale item on Likert scale
1–5. The component of the Likert Scale include (SA: Strongly Agree (5), A: Agree (4);
SD: Strongly Disagree (2); D: Disagree (1); N: Neutral (3).

Similarly, survey design method was used in the study with population comprised
of 17 Intelligent buildings types that spans across Commercial building, Office
building, Health care and Residential buildings. The buildings were classified in the
following order; 8 Commercial building which is equivalent to 40% of total building
types. 4 Office building types of 20% of total building while 3 Residential of 15% and 5
Health-care building based on availability of such buildings [17] and [18].

3 Results

In this section results of the survey was presented, it include description of the
experimental results, cross validation of facts and conclusion on results presented. The
parameters presented include the following: Break down of Respondents; Diversity of
Post Occupation Manager Representation; Break down of Respondents Construction
Experience; Companies Represented by Managers; Intelligent Building Types and Post
Occupation Manager; Intelligent Building Types and Post Occupation Managers in
Charge; Perception on Awareness of Intelligent Building System; Post Occupancy
Evaluation of Performance Indicator[KPI] of Intelligent Building; Post Occupancy
Evaluation of Performance Indicator[KPI] of Intelligent Building; Effectiveness of
Components of Intelligent Buildings; Satisfaction Level of Facility Managers on
Intelligent Building System Performance and Issues and Challenges involved in Inte-
gration of Components of Intelligent. The processed data was presented in charts and
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tables. The breakdown of respondents that participated in the survey was as presented
in Fig. 1, 30 Electrical control system managers which constitute 30% of total
respondents and 40 facility users, participated in the survey, also, 20 Door access
control managers which formed 26.67% of total respondent was found, 15 Mechanical
system control managers constituting 20% of total respondents participated while 10
Heating and Ventilation access control managers that constitute 13.33% was sampled.
The implication of the structure above is that majority of the works that the professional
would engage in the building are majorly electrical-based in nature. Similarly,
Mechanical based duty that is available in the building is also next in quantity hence the
high quantity of mechanical engineering system managers sampled among the
respondent. Summarily, the trend indicated the bulk of the intelligence system com-
ponents to be of mechanical and electrical based [21].

Figure 2 presents diversity of post occupation managers experience representation.
The survey indicated that Electrical control system managers [ECSM] which constitute
32% of total respondents had 28 years of general facilities management experience.
Door access control managers [DACM] who are basically electrical engineer constitute
28% of managers sampled and has 25 years of general construction experience, also,
22% of mangers are Mechanical engineering control system managers [MSCM] and
has 18 years of professional experience while the remaining 20% are Heating and
Ventilation control system managers [HAVACM] with 18years of professional expe-
rience. Electrical and Mechanical engineer appeared to have more professional expe-
rience. The reason could be linked to the existence of Electrical based items in building
which predates the advent of building access control systems thus, electrical engineer
has been maintaining electrical items before the advent of other mechanical and
electromechanical components of building. Introduction of automatic heating system as
part of intelligent building system was fairly new in the construction industry, hence

30
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40

ECSM Electrical Engineer DACM Electrical Engineer

MSCM Mechanical Engineer HAVACM Building Service Engineer

USRS Users

Fig. 1. Break down of respondent [post occupation manager and users]
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reason for the least year of experience by the Heating and ventilation control system
managers [14, 15] and [13].

Figure 3 illustrates the breakdown of the post occupation managers and the
respective companies that they represents. ECSM occupies 45% of the total sample of
managers and represents clients of the intelligent buildings, DACM takes 30% of the
total respondents and are forwarded to the duties of intelligent building manager by
contractors while MSCM have 25% of total managers figure and represents consultant
firms. The trend of the presentation could be linked to the procurement system of
intelligent building that involves the clients, contractor and consultant’s initiative. This
enables each stakeholder to have specific lines of impact which would still continue to
the maintenance stage. Each of the clients that is responsible for the installation of a
specific component would still be engaged in the management of such component.
Sometimes the procurement style could be build-operate-transfer for instance, in this
scenario, the component is being managed after installation and certain professional are
trained who might likely take over the management of the facility, in this way conti-
nuity is established [4, 8, 14].

In Fig. 4 Category of Intelligent building used in this study was illustrated.
8 Commercial building which is equivalent to 40% of total building types. 4 Office
building types of 20% of total building while 3 Residential of 15% and 5 Health-care
building of the total buildings sampled was used. The ECSM that are electrical based
were found on Commercial building, since the main component in them is the intel-
ligent electrical system and lighting, DACM engaged the office buildings and MSCM
are on Residential buildings while HAVACM are engaged on Health-care buildings
[11].
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Fig. 2. Diversity of post occupation manager professional experience representation Legend:
Electrical control system managers [ECSM]; Door access control managers [DACM],
Mechanical services control manager [MSCM] and Heating and Ventilation access control
managers [HAVACM].
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Fig. 3. Companies represented by managers Legend: Electrical control system managers
[ECSM]; Door access control managers [DACM], Mechanical services control manager
[MSCM] and Heating and Ventilation access control managers [HAVACM].
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3.1 Awareness on Intelligent Buildings Application

Survey was conducted generally about awareness of intelligent building system. The
survey results is presented in Table 1.

Table 1 illustrates cross section of opinion of respondents while censoring the
extent of their understanding of intelligent building system. Participant agreed to the
fact that they have been involved in the configuration, design and construction of
intelligent building at one time or the other. In addition, majority agreed to the fact that
intelligent buildings involves incorporating advanced technical component in building,
this tend to reveal their exposure to some components of intelligent buildings. Sub-
stantial part of the respondents has also participated in replacement of components in
intelligent building considering their involvement in the replacement or and mainte-
nance functions. Similarly, respondents are aware about the existence of intelligent
vertical and horizontal transportation system in the buildings, intelligent chutes, ramps
and lifts are among the components that are found in the buildings. Finally, respondents
attested to the fact that they are knowledgeable about remote controlled building
components and real time control of operation within and without the building through
intelligent access control monitoring system [11, 12].

Table 1. Perception of Building managers on extent of awareness of intelligent building System

Awareness about intelligent buildings RAI RANK

I have participated in the configuration and design of some intelligent
buildings

0.873 1st

Understand Intelligent building involves incorporating advanced
technical components

0.864 2nd

Encourages machine enabled replacement of functions 0.827 3rd

There are components of vertical and horizontal movement in building
that are being controlled automatically

0.794 4th

In intelligent building components can be remotely controlled 0.786 5th

Design of intelligent buildings encourages the use of 3Dand 4D systems 0.732 6th

Understand that Intelligent buildings encourages real time surveillance
and monitoring

0.729 7th

Exploratory Approach to Performance of Smart Components of Intelligent 221



3.2 Analysis of Effectiveness of Building Component

Table 2 presents survey on effectiveness of components of intelligent buildings. The
main area of strength in intelligent building is the component of the building. Ideally,
any intelligent building should contain electrical, mechanical, and electromechanical
components, however classification of the content is often on account of component
functionality. The component of the building in this context is group in term of
electrical based component, mechanical based and electro-mechanical component. The
measurement of effectiveness could be explored based on the components’ perfor-
mance. In line with the results presented in the table, the Intelligent building security
system was ranked first by ECSM and MSCM with RAI values 0.87 and 0.82
respectively, while intelligent HVACM system was also rated first with RAI values
0.89 and 0.82 by HVACM and MSCM managers. It could be observed that the
response tend to skewed towards the area of competence of the professionals. For
instance, be the HVACM was able to ranked HVAC systems first because that is their
area of competence and on account of wealth of experience should be able to give a
valid submission on the effectiveness of performance of the component. Intelligent
automatic lighting system was ranked third by ECSM and MSCM managers with RAI
values 0.79 and 0.76. It could be deduced that basic components that are working
effectively are electrical based components, for instance the security system works
based on electrical circuit control likewise the Heating and the ventilation systems.
Automatic lighting is also as important as other similar components, this could be
linked to the dependency of various spaces in building on internal and external lighting.
In support of the view presented. [17] stressed the importance of illumination and
energy supply to the internal space of building and that there is correlation between
effective energy supply in building relative to the general green building performance.

Table 2. Effectiveness of smart components of intelligent buildings

Smart building parameters ECSM HAVACM MSCM
Smart building component RAI RANK RAI RANK RAI RANK

Smart building security system 0.87 1st 0.85 4rd 0.82 1st

Smart HVAC system 0.88 2nd 0.89 1st 0.82 1st

Intelligent automated lightning 0.79 3rd 0.86 2nd 0.76 3rd

Smart Occupant energy monitoring 0.75 4th 0.86 2nd 0.75 4th

Smart water supply system 0.73 5th 0.72 5th 0.71 5th

Intelligent fire system 0.73 5th 0.73 6th 0.60 6th

Smart Access control and monitoring 0.70 7th 0.70 7th 0.62 7th

Smart Automated parking system 0.67 8th 0.67 9th 0.56 8th

Smart Indoor air quality system 0.63 9th 0.78 8th 0.52 9th

Smart Internet infrastructure 0.61 10th 0.62 10th 0.51 10th

Legend: Electrical control system managers [ECSM]; Door access control managers
[DACM], Mechanical services control manager [MSCM] and Heating and Ventilation
access control managers [HAVACM].

222 L. Amusan et al.



4 Conclusion

One of the cardinal objective in post occupancy evaluation all over the world is
carrying out satisfaction test and analysis of the users of a facility or building. It would
help in identifying areas that requires attention. Also, satisfaction test could serve as a
means of generating information that could be used in trouble-shooting, test running
and calibration of building components. Therefore, Table 8 presents the outcome of
satisfaction test conducted on the different types of building using the managers’
experience as the focus. It was discovered that the respondents indicated high level of
satisfaction as regards the following intelligent building components.e.g. smart energy
efficient lift control system, automated lighting system, and automatic temperature
regulator, solar energy generating system and fire systems among others. The com-
ponents were ranked as highly satisfied by four types of managers, that is, the ECSM,
DACM, MSCM and HAVACM.

Similarly, the following mechanical and electro-mechanical based components
were ranked second by the by three groups of the managers, they include ECSM,
MSCM and HAVACM. The components combines the operation of mechanical and
electrical components of building system. For instance, they are the components that
are always in use, and in a study carried out by [2, 18, 19] and [20] air quality
processing systems was described as one of the necessary component in building,
similarly plumbing system, door access control system and burglar alarm were rated as
one of the essential component of users preference in building, therefore [18] advocated
water supply system as one of the essential items in building. The trend could be
attributed to criticality of user need in a building as a determinant of the pattern of
satisfaction over an item.
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Abstract. Europe faces various challenges towards sustainable development.
The influx of refugees, youth and gender unemployment, frequent global health
threats, spiraling conflict, cultural intolerance, socially marginalized groups, and
others are some of the diverse and large-scale social challenges that cannot be
ignored. Such reality requires innovative and sustainable responses to address
them and puts the economy, the design education sectors and, cultural and
creative industries in the spotlight. This paper will reflect upon these ideas and
present the CREATION PROJECT, the ReACt Model and the newly created
Consortium of seven European organizations that joined to address these issues.
It envisages to develop an entrepreneurial skills framework for adult education
for the creative and cultural sectors across Europe. The main focus is on
bridging the gender gap in entrepreneurship and promoting cultural dialogue.
The project will promote the learning of entrepreneurial skills enabling the
underrepresented groups to succeed in cultural and arts entrepreneurship. It
aspires also contribute to their socioeconomic and cultural sustainability and
wellbeing.

Keywords: Co-CREATION � Social design education � Entrepreneurship
education � Social innovation � Gender equity � Cultural diversity �
Sustainability

1 Introduction

As presented in the United Nations’ report, “Transforming our World: The 2030
Agenda for Sustainable Development” [1], Europe faces many challenges to sustain-
able development. Large populations still live below poverty levels due to systematic
inequality and enormous disparities in opportunity, wealth, and power around the
world. The influx of refugees, youth and women unemployment, frequent global health
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threats, spiraling conflict, cultural intolerance, socially marginalized groups, and others
are some of the diverse and large-scale social challenges that cannot be ignored. To
reverse this constant reality requires innovative and sustainable responses to address the
challenges posed. The EU Eurostat report indicates that [2], in 2019, asylum seekers
increased again being the first time that the number of asylum applications did so since
2015. Germany, France, Spain, Cyprus, Greece and Italy are the main countries of
destination. These stark facts require new and clear strategies, collaboratively designed
and multidisciplinary in science, research, innovation, education or policy-making
domains to address issues such gender equality, reduction of inequalities, quality and
diversity of education, decent work and economic growth, as listed in the 17 Sus-
tainable Development Goals (SDGs) far from the desirable global targets [3].

2 European Commission’s Megatrends and New Challenges
and Scenarios in Science, Research, Innovation
and Education

Considered as enablers and drivers for Europe’s needed transition to a greener and
more sustainable place, science, research and innovation are considered key areas to
address. To achieve the defined goals, the European Union (EU) [4], recognizes the
importance of five main pillars for the reframing exercise towards a safer and just space
for Humanity. Acting synergistically, the five (5) main pillars are: a) co-CREATION,
working and acting together; b) diffusion, sharing knowledge; c) uptake, turning
research into sustainable solutions with social and economic value; d) transformation,
changing the way we consume and produce; and last but not least e) directionality,
leaded by research and innovation. These pillared actions take place in a context
whereby global and long-term forces, or megatrends shape our world and greatly
influence our future [5]. Education, in general, and Higher Education (HE) in partic-
ular, have a critical role to play in helping achieving the intended process of sustainable
social change in a context of rapid technological pace. HE contributes to the devel-
opment of research and human capital, mandatory for innovation, productivity, and
economic growth. According to OECD [6], by developing technical, professional, and
discipline-specific knowledge and skills, cognitive and information processing skills,
and social and emotional skills, learners are better prepared for active citizenship and
the world of work in the context of 4th Technological Revolution.

3 Creative and Cultural Industries, Social Design
and Artistic and Cultural Entrepreneurship

In the past two decades, there has been increased evidence on the rise of the creative
economy in general and the cultural and creative industries in particular to spur
innovation and knowledge transfer development, and sharing both commercial and
sociocultural value [7]. Global, technological, and social changes are rapidly expanding
the scope, potential and interest in creative industries. As a result, there are increasingly
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blurred lines between industries and sectors, tools and communication channels [8]. As
we move towards a more connected, integrated, and creative future, few scenarios
arise. A strategic one is linked to the idea of creative economy as a route to economic
diversification and gaining critical soft skills such as creative thinking and problem
solving, of importance for employees in smart environments. The shift from Science,
Technology, Engineering and Mathematics (STEM) to ‘STEAM’ education and the
reinforcement of HE and Business cooperation are highlighted as a way to reduce the
mismatch between education and the job market [9]. Figure 1 shows the state-of-art
and the opportunity spaces to cooperation improvement.

As pointed out by NESTA [11], central to the envisioned and paradigmatic sus-
tainable change are the local qualification networks and collaborative learning pro-
cesses in which different social agents share their perspectives, expectations, and
experiences. Through these joint efforts, new insights, creative strategies, experiences
or new business models are discovered, completing the open, inter, and cross-
disciplinary character of innovation practice, research and learning [8]. Such under-
standing and conceptualized action is even stronger in adult and lifelong learning. Its
practice becomes an instrument for employers to prepare their workforce for the
introduction of innovative technologies and creative processes or, in a more social
perspective, to provide access to upskilling and opportunities for learners willing to
find new employment opportunities [12].

4 Social Design and Entrepreneurship Education,
the CREATION Project and the ReACt Model

Although in recent years there have been increased attempts to address some of these
challenges, the demand for the skills and competencies that foster design for social
change and innovation surpasses the needs [13]. In Europe, HE approaches in this area
remain fragmented, and inconsistent, comprising mostly small-scale and isolated aca-
demic initiatives as articulated by Souleles [14] and Rocha [15]. This awareness

Fig. 1 State of cooperation from the higher education and business viewpoints (code: 0: Not at
all; 1–4: Low; 5–7: Medium; 8–10: High) [10]
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sparked the Creation Project and framed the Multi-Dimensional Research-Action-
Change Pedagogical Model [ReACt Model] evolutionary design. The CREATION
project is a European ongoing project, comprised by a Consortium of seven partners
from Ireland, Cyprus, Greece, Germany, Italy and Portugal, and envisaging the
development of an entrepreneurial skills framework for adult education for the creative
and cultural sectors across Europe. As a central aspect is the highlighting of the power
of co-design in cultural entrepreneurship and creative and cultural industries towards
sustainable development and social inclusion. The process of moving from the
CREATION theoretical framework, to an operational level through the ReACt Model,
is showed below in Fig. 2.

The main references for the ReACt Model, include Moore’s ‘Concentric Circles
Model of Sustainable Development’ [17] and Savva’s ECAS Framework [18], and
linked to social innovation [11], entrepreneurship and ‘theory of change’ mindsets [19,
20], as well as design thinking and participatory practices [21, 22]. In this way a
multilayered and learner-centric ecosystem is created, framing in a dynamic and
coherent way, the integration of Arts, Culture, Business and Technology and Capital,
Context and Impact domains. The intention is to synthesize through a holistic and
integrative learning experience, the scientific knowledge, learning practices and out-
comes of those domains. The evolutionary dimension of the model is displayed in
Fig. 3.

Evolving in complexity and interacting gradually with the economic, social, cul-
tural, and environmental outer systems, CREATION ReACt model intends to con-
tribute to fill the still existing gap in the field of theory, pedagogy, and practice of
cultural entrepreneurship and in the training and competence development of women
entrepreneurs from diverse backgrounds, which is acknowledged by Savva et al. [17].

Fig. 2 ReACt Model: Synthesizing, in a learner-centric system, a continuum and integrative flux
of learning activities and outcomes in three domains of scientific action, designing a new and
open education framework to social change
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5 Conclusions and Further Research

In a 2018 review of the European Reference Framework of Key Competences for
Lifelong Learning [23], a new recommendation on key competences was proposed by
the European Council highlighting the rapidly changing and highly interconnected
world and the need for a wide range of skills and competences, continually developed
throughout life, for a more equal, inclusive, sustainable and democratic society. Lit-
eracy, science, technology and engineering, personal, social and learning to learn,
citizenship, entrepreneurship and cultural awareness and expression are some of the
eight key competences highlighted. Moreover, it was stressed that, in support of
competence-oriented education, training and learning in a lifelong learning context,
three challenges were to be addressed: a) the use of a variety of learning approaches,
contexts, and environments; b) the support for teachers and other educational staff and,
last but not least, c) assessment and validation of competence development and its
impact. With regards to the approach to design, the importance of an educational
paradigmatic shift and a broader understanding of the ecosystem was already identified
by Findeli [24], in his paper “Rethinking Design Education for the 21st Century”.
The CREATION project and the ReACt model are still early contributions to these
societal and learning challenges. Empirical data will revise and inform its design,
reinforcing the exploratory and top down research approach. This strategy will allow
further reflection upon it and a better adaptation and response to real social domains
and educational needs, aiming for sustainable and inclusive solutions.

Acknowledgements. This research is part of the project Cultural and Arts Entrepreneurship in
Adult Education (CREATION 2019-1-PT01-KA204-061315), award for 24 months Erasmus +
Key Action 2, Adult Education Sector (KA204) under the National Call 2019, National Agency
of Portugal.

Fig. 3 ReACt Model, in an evolutionary perspective (from inner to outer systems), reflecting
changes over time, the historical dimension of learning experience and the sustainability of the
educational model
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Abstract. People with disabilities and special needs are very important part of
the society, their needs have not been covered over time. Globalization and
technological development helped identify the importance of various groups
with disabilities. In Ecuador, this identification allows this social group to be
visible and particularly people with visual disabilities, who represent approxi-
mately 11% of the population with disabilities. The objective of this research is
to identify Ecuador’s cities that maintain a higher prevalence of people with
disabilities. To comply with the study, a descriptive analysis was conducted
from public information about people registered by the authorized government
control body. Obtaining this information makes it possible to establish a base-
line of attention with real data, which allows getting a greater focus on the
development of this social group and the attention they should receive.

Keywords: Disability � Prevalence � Studies � Latin America � Visual
disability � Physical disability

1 Introduction

The International Classification of Functioning, Disability, and Health was approved in
2001 [1], in which, disability is an evolutionary concept that results in social inter-
action, contemplating deficiencies, activities’ limitations, and participation restrictions.
Disorders that affect corporal or structures’ functionalities are understood as deficien-
cies; on the other hand, difficulties to accomplish tasks are activity’s limitations, and
participation restrictions meaning there are problems to participate in vital situations
[2, 3]. Creating a classification about the types: physical disability, sensorial disability,
intellectual disability, and mental disability (see Fig. 1).
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Certainly, disability is related to social factors, such as poverty and social exclusion
[4, 5], these disadvantages affect the most to women [4], and, families counting with a
member presenting any disability have an increasing tendency to poverty, since the
same income level represents a lower lifestyle in homes with people presenting dis-
ability in comparison with families that do not count with a member with disability [6].
This fact highlights a strong relationship between poverty and disability.

In this context, the number of people presenting disabilities increases as the result
of the aging population, chronic health problems, poverty, armed conflict, and urban
and gender violence [7]. In this respect, 15% world’s wide population lives with any
type of disability [8], and, in Latin America it is estimated that 70 millions of people
live with any kind of disability [9], referring to Ecuador, the 5,6% of the total popu-
lation presents a disability of any type [10].

According to this reality, it is possible to visualize the importance of developing a
study about disability in Ecuador, to create verified information and analyze disabili-
ties’ prevalence. The research carried out by Cambois et al. [11] affirms that there are
social differences in the prevalence of disability in the 26 European countries studied,
in comparison to the higher prevalence reached in lower social level groups and lower
prevalence in the higher social level, establishing that this analysis would help iden-
tifying determinant facts and the efficiency of national policies implemented to
approach the social differences in health.

2 Method

Disability data was obtained from the Ecuadorian National Board for Disability
Equality, which is open to be searched in its webpage [12].

The sample counted with a total of 473652 valid data, from which, 208122 (43.9%)
belonged to female gender, and, 265508 of male gender (56.1%), and, 22 (.00%)
belonging to LGBTI gender. Taking into account the age of this sampling, 2744 (0.6%)
were aged between 0 to 3 years, 6078 (1.3%) between 4 to 6 years, 24208 (5.1%),
between 7 to 12 years, 27533 (5.8%) between 13 to 17 years, 69203 (14.6%) between
18 to 29 years, 222335 (46.9%) between 30 to 64 years, and 121551 (25.7%) between
65 years and above. Data was recruited from each province of Ecuador.

Fig. 1. Graphic representation of disability types approached in the study
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3 Results

The first step was to analyze the frequency of the type of disability that is present by
province, to which the participants belong. These results are shown in Table 1.

Afterward, the percentage of disability according to the province to which partici-
pants belong. In Fig. 2 results found are presented. There were conducted association
analyses among participant’s sociodemographic variables, where it was found that the
gender to which they belonged would have an association with the type of disability,
where male gender has a higher risk probability of presenting a disability x28ð Þ ¼ 317:14,

p = <.001. Likewise, it was found a significant association between the disability and
participants’ age x2 (464) = 98668.05, p = <.001 where it was found that the age between
30 and 64 years is the age range with higher probabilities to present a disability.

Table 1. Type of disability by province

Type of Disability Total
1 2 3 4 5

Azuay 14655 3754 1555 3873 6136 29973
Bolivar 2877 1236 271 1548 1571 7503
Cañar 3313 1205 562 1280 2413 8773
Carchi 2075 611 205 1096 992 4979
Chimborazo 5728 1717 451 3505 3691 15092
Cotopaxi 4545 1436 382 2401 2755 11519
El Oro 9348 2154 910 2264 5660 20336
Esmeraldas 7483 2020 635 1675 4138 15951
Galapagos 329 68 49 88 153 687
Guayas 58230 12465 6949 14188 26440 118272
Imbabura 5327 1340 566 3162 2894 13289
Loja 5834 1753 882 2046 4587 15102
Los Ríos 13358 2310 861 2267 4652 23448
Manabí 25694 6370 2902 4487 7920 47373
M. Santiago 2359 989 256 710 1438 5752
Napo 1765 559 125 636 954 4039
Orellana 3443 1061 197 864 924 6489
Pastaza 1474 373 152 507 747 3253
Pichincha 32135 8803 4896 12349 16845 75028
Santa Elena 5406 906 354 1417 2287 10370
Sto. D. Tsachilas 6255 1644 569 1490 2850 12808
Sucumbíos 2668 816 312 788 1442 6026
Tungurahua 5037 1440 596 3440 3103 13616
Zamora Chinchipe 1640 565 137 562 1070 3974
Total 220978 55595 24774 66643 105662 473652

Note: 1. Physical. 2. Visual. 3. Psychosocial. 4. Auditory. 5. Intellectual.
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Finally, it was analyzed the type of disability according to the percentage of
presence. See Table 2.

4 Conclusions

In this report, it has been analyzed the prevalence of disability present in Ecuador
through the technological development that has been built from the national board in
charge of the attention of human beings presenting these conditions.

In this respect, Ecuador is divided into 25 provinces, from which, Guayas and
Pichincha are the ones with higher density population, on one hand, Guayas counts
with the principal port of the country, centering the highest economical movement, and,
on the other hand, Pichincha is the capital.

This would explain the higher concentration of people with disabilities in these
provinces. Living in Guayas and Pichincha represents better educational, labor and
health opportunities. An important fact to take into account from the results presented is

Fig. 2. Disability level according to the province they belonged

Table 2. Type of disability

Type of disability
Frequency Percentage

Valid Physical 220978 46,7
Visual 55595 11,7
Psychosocial 24774 5,2
Auditory 66643 14,1
Intellectual 105662 22,3
Total 473652 100,0
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that disability is associated with age because of aging people who tend to lose their
capacities and functionalities which leads to disability, explaining persistent physical
and intellectual disabilities.
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Abstract. This article deals with community management applied to water
resources, from the urban planning and public-community model to mitigate the
effects of water mismanagement in Vinces canton. The objective is to propose a
community management model of water resources to mitigate the negative
effects of the current management system in the Vinces canton through the use
of public-community models and guidelines of the 2030 Agenda. A descriptive
methodology of model studies is used management system with its success
models and objective six of the 2030 Agenda. Using the qualitative method, the
current conditions of Vinces’ water management are analyzed using surveys and
interviews with public actors and focus groups. It is concluded that the model
acts according to the needs of a satisfactory water management for the users of
Vinces canton.

Keywords: Community management � Hidric resource � Urban planification �
Community public model � 2030 Agenda

1 Introduction

Currently, there is no adequate water management in the Vinces canton, so there are
problems related to the collapse of the sanitary infrastructure, floods and drinking water
deficits, with rural areas being the least favored [1].

Although the greatest use of water is for agricultural activity, the most critical
aspects of availability are related to the supply of drinking water for industrial pro-
cesses and for the generation of electrical energy. Excess water generates floods, and/or
landslides that affect the water supply by contaminating the water sources with sedi-
ments and causing destruction of the supply and distribution systems, causing direct
impacts on the availability and quality of the water for the different users [2].

Environmental management by communities plays an important role in river
management, since it is proven that the best decision-makers are those who live with
the problem.

Under these circumstances, community water management studies have been
explored. With these efforts it has been possible to maintain the water resource and thus
ensure that water can reach each of their homes [3].
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2 Methodology

The methodology implemented to carry out this article is based on the collection of
primary information through the review of information from various bibliographic
sources such as: publications, studies, projects, theses from various universities at
national and international level on public management models. and community. To
create a database that allows the management of water resources in the canton to be
described as a future model of community management through the creation of public-
community alliances [4], and to emphasize successful experiences in management
models.

In the real context of Vinces canton, through qualitative methods such as the semi-
structured interview, the needs and problems will be described. In order to obtain
important data to help design the environmental management model applied to the
water resource, which responds to the users of Vinces canton. Finally, the results
obtained in the field will be synthesized through an analysis to determine the strengths
and threats that the water resource has in the Vinces canton, which will allow the
researcher to correct the failures in public water management.

Through the participant observation method [5] which serves to verify and follow
up on how the inhabitants use the water resource, the levels of use will be described as
domestic, industrial and of irrigation, for the elaboration of a matrix of use.

From the data obtained in the qualitative methods, the management model will be
developed from public and community alliances.

The goals and indicators of the sixth objective of sustainable development of the
2030 Agenda will be studied in order to evaluate each one of the points, preparing a
check list of positive and negative results valued using a traditional weighting method.

3 Results

3.1 Scientific Review

In this section, through scientific documentation search platforms such as Scopus,
Science Direct, Scielo and repositories of already published documents, an updated
database (2015–2020) was obtained. Five documents were obtained referring to the
different water management models under the community development approach with
public-community alliances and an analysis document of the 2030 Agenda from which
the following main ideas were obtained from each of these scientific documents:

Community participation: exploring legitimacy in socio-ecological systems for
environmental water governance [6] - Scientific article: This article explores the rela-
tionship between legitimacy and participatory forms of decision-making in relation to
responsible public institutions of the environmental governance of water in Australia.
These can obtain greater flexibility and choice, since it is the management of water
from citizen participation as agitator of public processes.

Global water policy and local payment choices in rural Africa [7] - Scientific
article: In order to achieve “basic” drinking water for all by 2030. Efficient models of
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public, private and community services are analyzed for the supply of drinking water
through incentives at its action level.

Are urban informal communities capable of co-production? The influence of
community - public partnerships on water access in Lilongwe, Malawi [8] - Scientific
article: Alternative models of community-state co-production in water management are
studied. Surveys, focus group interviews were used to examine the impact of co-
production on access to water and service provision in informal settlements in
Lilongwe, Malawi.

The Community Management Model for Rural Drinking Water in Chile: Institu-
tional Context, Regulations and Reform Intentions [9] - Scientific article: The Rural
Drinking Water Program implemented by the State of Chile For more than 50 years, the
organized rural community has been successful in supplying drinking water to local-
ities in its sector. Then, the subsidiary role of the State and community management by
local actors have been key elements for the validity of this program. A bill is currently
being discussed that seeks to reform and endow the sector with institutions and reg-
ulations - incorporating sanitation - through the “Rural Sanitary Services”.

Strengthening of the Community Management Model of Water for Human Con-
sumption in the rural sectors of the Espejo canton - Case of the “La Libertad” Drinking
Water Management Board [10] - Thesis (PUCE Repository): The research aims to
develop tools to strengthen the management model of the Administrative Board for
Drinking Water and Sanitation in La Libertad, Espejo canton, Carchi province. Ana-
lyzes the models of community organization for the management of drinking water for
600 families in their administrative and technical - operational aspects established in
the current legislation.

The Sustainability index of the provision of clean water treatment plants (IPAB) in
supporting SDG 2030 programs for the availability and management of sustainable
clean water in Soppeng Regency, South Sulawesi Province, Indonesia [11] - Confer-
ence paper: To achieve goal six of the 2030 Agenda this document took a sustainability
measurement of the sustainability of water treatment provision in the Soppeng district.
The sustainability analysis was carried out using a multidimensional scaling approach
that weights the results and shows whether the project is sustainable or not.

As a synthesis of the review of these 6 documents, it is obtained that the community
management models are much more efficient in time and in actions to improve the
water system, while the state public system is important in the provision of infras-
tructure for sanitary operation. This means that they must cooperate as a public
administrative model and community management.

On the other hand, complying with a measurable sustainability index as expressed
in the last document will make the models last over time and improve the quality of life
of users.

3.2 Qualitative Method

Through surveys and interviews with the Municipal GAD of Vinces canton, focus
groups and representatives of the urban and rural community, a sample of 50 partici-
pants was taken and the perception of the sanitary system of rainwater, wastewater and
the provision of drinking water was evaluated, evaluating its service, endowment and
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conditions. Qualitative research seeks a representative sample, expressing user expe-
riences (Table 1).

The following are the general opinions collected in the interview:

1. The sewer service for the discharge of rainwater is terrible with two rains since the
system collapses and my house is flooded.

2. The provision of the drinking water system is intermittent, but usually arrives
between 8 to 12 h a day.

3. Every month the manhole covers overflow, sometimes you have to wait 10–15 days
for them to solve the problem (Table 2).

Using this table, we can determine that 69% of the water provided for these services
is wasted and does not meet the need.

3.3 Guidelines of the Community Management Model Proposed

• Preserve and avoid contamination of water wells - community management.
• Provide sewerage infrastructure to combat the deficit of 85% of provisioning -

public management.
• Construction of a wastewater treatment plant to supply the 93% deficit of the

irrigation system - public management.
• Participatory action group for repairs in the sanitary system - community

management.
• Use of green infrastructures to improve the agricultural irrigation system - com-

munity management.

Table 1. Percentage weighting of water systems management opinion

Variables Indicators
Good Regular Bad

AA.LL. system sewer service 4% 28% 68%
Provision of the AA.PP. system 30% 20% 50%
Conditions of the AA.SS: infrastructure 26% 24% 50%

Table 2. Water use levels per component

Water use levels Real consumption Deficit

Domestic 15% 85%
Industrial 70% 30%
Irrigation 7% 93%
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• Maintain the average levels in obtaining well water and the treatment of its sur-
pluses - community management.

• Maintaining natural water courses in rural area - community management.
• Maintain Integrated Management of Water Resources through multi-level cooper-

ations and alliances together with the Secretary of Water - public-community
management.

• Reforest the banks of the Vinces river and preserve the riverside flora - community
management.

• Manage a budget for community water management - public management.
• Creation of the Community Water Management Association of the Vinces canton -

public-community management.
• Establish a policy of cooperation by competences between public and community

management - public management.

3.4 Territorial Community Management Model

This territorial model is structured according to the 12 guidelines obtained from the
community management model of the 2030 Agenda. The model consists of a treatment
plant located in the northern part of the main canton in which, all the tributary of the
Vinces river goes down, in the city center of Vinces, the community management
association and the green infrastructure poles will be located. They will be located in the
Antonio Sotomayor Parish, in the southern area in the La Soberana, Bagatela and
Matecito areas and in the northern area in the San Antonio and San Francisco areas, these
being themost productive areas with the greatest lack of green infrastructure for irrigation
(Fig. 1).

Fig. 1. Desired territorial model of community water management. Vinces canton.
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4 Conclusion

It is concluded that the community management model enhances the decision-making
process on water management through participatory actions by the control entity. The
application of the proposed model will reduce the risks of floods and unsanitary con-
ditions at the cantonal level. Decentralization is in line with the current sustainability
framework and its guidelines comply with the agreement of the 2030 Agenda. The
presented water management is aligned with a sustainable and lasting future of the
resource.
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Abstract. The objective of this work is to propose a comprehensive waste
management plan at the Simón Bolívar air base under ecological criteria. An
exploratory research methodology is used through the review of scientific arti-
cles, the adequate management of waste considering ecological corridors as a
reference to improve the criticism of these guidelines and establish a compre-
hensive ecological environmental management. In the research carried out, the
conditions of the existing and endemic vegetation are analyzed, and new pro-
posals are made. The workshops carried out were developed with focus groups
using the participatory method to propose the intelligent waste system. It is
concluded that the application of intelligent systems in waste management
obtains economic and environmental benefits and that the designs of ecological
corridors improve the urban image of the Simón Bolívar air base.

Keywords: Comprehensive waste management � Environmental management �
Urban planning

1 Introduction

Waste management currently plays a fundamental role in caring for the environment
[1]. That is why this work focuses on proposing an improvement to environmental
management at the Simón Bolívar air base. The planning that is done is limited to
locating garbage containers and organizing the collection schedule. Solid waste is
deposited in the unclassified collection center where it can accumulate up to 5 tons per
day, in a total of 30 containers distributed by the air base. The collection center for the
3 sectors receives non-hazardous solid waste from canteens, administrative offices and
public housing. There is no presence of hospital or maintenance waste (airplanes and
land vehicles), which are collected by environmental administrators certified by the
Municipality of Guayaquil. The frequency of collection of non-hazardous solid waste is
carried out 3 times a week at night, but it does not fulfill the function of classifying or
properly managing this waste.
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About 340 families live permanently in the air base, although they have recreational
areas, these lack adequate vegetation to mitigate the impact of the high temperatures of
Guayaquil. This unfavorable situation is further confirmed by climate change,
repeatedly causing heat waves that trigger thermal stress on the inhabitants. The proper
use of vegetation has resulted in good practices in caring for the environment [2].
However, at the air base there are initiatives to plant trees by the residents but for the
most part they do not generate enough shadows to avoid the effects of the sun. This
work proposes a new management plan to remediate the damage caused by human
action throughout the years of history of the air base with the initiative of reconnecting
fragmented ecosystem spaces through ecological conservation corridors [3] and an
intelligent system of waste collection and classification.

2 Methodology

An exploratory research methodology will be used through the review of scientific
articles, historical research and books on scientific bases that take intelligent waste
management as a reference and propose ecological corridors to analyze their good
practices in comprehensive environmental management [4]. Useful contributions based
on stated objectives are extracted from this review.

In the second phase of the methodology, a survey was conducted to analyze data on
the presence of introduced plants and suggested endemic plants according to the locality.
Through a weighted matrix of adaptability, durability and benefits, the plant species to be
implanted in the ecological corridor were chosen, complemented by new species that will
improve the ecosystem services of the comprehensive management plan.

In the third phase of the methodology, through workshops with focus groups within
the study area of the air base, a design proposal for the waste system was presented,
based on good scientific review practices, to result in a participatory urban planning
process under a GIS graphic scheme [5] of the comprehensive environmental man-
agement plan.

3 Results

3.1 Detection, Monitoring and Alert

In this section, 3 of the systems that have been implemented in smart containers and
waste management systems were analyzed as an example of good practices and sus-
tainable waste management for their application in the comprehensive management
plan. As the Smart Dual Dustbin model for waste management in SmartCities [6] in the
work, a Dual Dustbin model is proposed. The proposed methodology used two trash
cans (trash cans A and B) placed together, where the sensor systems in the solid waste
management systems are analyzed to verify the level and availability of the landfill. We
also propose an intelligent container (ITB) with optimization of the efficiency of gar-
bage collection through IoT detection [7], where a real-time detection system is carried
out with additional calls to the collection service for its next collection in the place. The
system detects three levels of garbage, such as empty, medium, full. For its geolocation
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it uses GPS systems that work with a battery based on solar panels. The efficient IoT-
based smart container for a clean environment [8] provides a system that covers the
monitoring of the state of the garbage container and includes new systems such as
climate detection and mishandling of the container when garbage is thrown out of the
container. of garbage.

3.2 Urban Articulation

Also considered is the capacity of an ecological corridor to articulate fragmented spaces
and improve the urban image is considered, considering the social and ecological
functions of urban green space. The Gravity Model Toolbox (an automated, open
source ArcGIS tool) was used for building and prioritizing green corridors in cityscapes
[9]. The green corridors connecting isolated remnant habitat patches (parks) can
increase connectivity and provide eco-systemic services.

The least cost route model [10] was used to identify possible links between patches,
based on network structures and cost area, which measures the theoretical energy cost
of traveling between elements of the landscape. This process allowed applying con-
cepts and guidelines for solving various impairments in physical and environmental
quality problems in green corridors using a research method with a qualitative approach
with descriptive research [11].

3.3 Green Planning

In the analysis, several plant species were considered, including the 5 recommended by
“The guide to the flowery sky of Guayaquil”, to provide ecosystem services within the
study area, such as: Neem, Red Mangrove, Jacaranda, Guayacan and Gramillon.
Among the benefits of these plant species stands out the improvement of air quality and
the production of wide shading radii. In addition, 9 plant species were analyzed for the
ecological corridor as shown in Table 1.

Table 1. Results and averages of the weighting matrix

Vegetal species Results Average

Adaptability durability
benefits

Almond 3 3 2 2,66
Mango 2 3 2 2,33
St. Augustine grass 2 2 2 2,00
Olive 2 2 2 2,00
Veranera 2 1 3 2,00
Palm tree 2 2 1 1,66
Dwarf palm 1 1 1 1,00
Zebra tree 1 1 1 1,00
Mother-in-law’s tongue 2 1 1 1,33
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According to these results, the choice trend prefers endemic plant species such as:
Almond (2.66), Mango (2.33) and San Agustin Grass (2). As well as some introduced
species such as: Olivo and Veranera (2). These species will also be included in the
proposed ecological corridor.

3.4 Participatory Design

The workshops were prepared jointly with the administrative area of the air base and
the residents to determine the conditions of the container design and the technological
system to be applied (Fig. 1).

The design proposal was based on three criteria provided by the focus groups:
safety, odor control and efficient handling, so the design obeys a closed container that
handles several separate interior compartments and that has efficient management
thanks to solar panels.

3.5 Comprehensive Management Plan for Environmental Management

This comprehensive management plan articulates the underlying spaces with green
ecological corridors taking into account the selected vegetation: Neem, Red Mangrove,
Jacaranda, Guayacan and Gramillon that will allow the improvement of air quality and
the production of wide shading radii. Soil protection between St. Augustine grass and
the Gramillon as well as ornamental shrubs like Olive and the Veranera and fruit trees
like the Almond and Mango. Figure 2 shows the outline of the comprehensive man-
agement plan proposed.

For the evacuation of the 5 tons per day of waste produced by the air base, 22
containers were installed, for a cumulative capacity of 9.68 tons. Another 4 tons could
be additionally evacuated in 2 containers in the collection center, which allows the
removal of garbage efficiently 3 times a week. Each of these containers includes fill
sensors, alerts, and trash separators (Fig. 3).

Fig. 1. Participatory workshops with the focus groups of the Simón Bolívar air base
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4 Conclusion

It is concluded that applying ecological corridor designs through reforestation and
choosing species according to the environment will diminish the negative impacts of
the high temperatures of Guayaquil in the air base, which will allow the mitigation of
air and soil contamination as well as an increase in shadows from the trees, greater
thermal comfort and better quality of life for the inhabitants. The operation of the waste
collection and classification system with the use of intelligent systems in the containers
will give greater economic and environmental efficiency in the long term.

Fig. 2. Outline of the comprehensive management plan proposed.

Fig. 3. Result of participatory design for the smart container.
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Abstract. This project investigates the measurement of resilience engineering.
A growing body of peer-reviewed studies continues to be published on resi-
lience engineering, demonstrates its recognition and importance to safety across
a range of industrial contexts. However, little attention has focused on devel-
oping an understanding of how it has been conceptualized and measured. This is
a significant gap which can limit its operationalization, benchmarking and
evaluation n for research and practice. This paper presents an integrative review
project currently underway which seeks to address this gap. After completing a
systematic search and selection strategy seventeen articles were selected for
analysis. Initial findings suggest fifteen survey instruments have been used in
these studies.

Keywords: Resilience engineering � Integrative review � Organisational safety
PRISMA

1 Introduction

This paper is a work-in-progress and is part of a broader research project on advancing
organisational health and safety through Resilience engineering (RE). RE was intro-
duced as an approach for improving organisational safety following the Columbia
space shuttle disaster [1]. The seminal work on the topic was published in 2006 [2] and
included extended versions of papers presented and discussed at the first International
Symposium on RE in 2004. Since then it has gained traction in a range of industries
such as healthcare, nuclear power plants, petrochemical facilities, electricity distribu-
tion and railways [3, 4]. As such a growing body of knowledge on the topic is
available. Despite this, progress on its adoption across contemporary high-risk indus-
tries such as construction, healthcare, manufacturing, and mining have been relatively
slow. In part, this is due to the difficulty in operationalising RE [5]. There is no
uniformly accepted definition of RE, and no common characteristics for evaluating RE
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quantitatively [3]. Key proponents have argued for the need to focus on learning,
responding, monitoring and anticipating [6]; while others have suggested behaviours
[7], cognition [8], buffering, flexibility, margins and tolerance [9]; safety culture [1,
10]; safety trade-offs alongside production, quality and efficiency targets [9, 10], gap
between work as imagined and work as performed [11, 12], or broader processes that
assist organisations to achieve both safety and production targets [12]. This research
seeks to address these gaps by investigating how RE has been measured in the pub-
lished literature.

2 Method

An integrative review was adopted for this research. This method involves a structured
approach and can be used to evaluate the strengths of evidence, identify gaps in the
current research, build the bridge between related areas of published works, generate
research question(s), identify theoretical or conceptual frameworks, and explore
methods used [13]. The Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) [14] as adapted for a previous review [3] were used. Articles were
selected based on a search of six electronic databases (CINAHL, Google Scholar,
PsycINFO, PubMed, Scopus, and Social Sciences) using resilience engineering in the
Titles and abstracts were searched and supplemented with additional ones from ref-
erence list of papers. Papers published in English between January 2003 and December
2019, which focussed on safety and described quantitative methods and approaches
were included in the final selection. Key information relating to research aims,
theory/model, research design, characteristics measured, and instruments used were
extracted into an Excel sheet. The selected articles were critically appraised using a
using an eight-item questionnaire adapted from the Critical Appraisal Skills Pro-
gramme (CASP) [15] and the quality assessment tool of diverse study designs [16].

3 Results

The search across the six electronic databases and supplemented with hand searches
generated 3884 articles from which a final set of seventeen was selected for analysis
and synthesis. The backgrounds of these are summarized in Table 1. Fifteen surveys
were reported across these studies. As previously indicated, the analysis and synthesis
of this work are still in progress; however, some general statement can be made.
Quantitative studies of RE did receive much attention until 2010, with the first two
studies were published in 2013. Only four studies were supported with a theoretical
framework such as with drift-towards failure [17] and organisational behaviour [18].
Two studies used an integrated RE theory [19, 20], while one safety culture [21].
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Table 1. Background details of studies selected for final review

Context and
Country

Purpose Instrument

Gold Mining
Australia

Introduced a theoretical framework for RE and a
toolkit for investigating RE

Structured safety
climate survey

Aviation
Austria

Developed and validated an Inventory for
assessing resilience through behaviour

Structured questionnaire
surveys

Process industry
Iran

Examined the validity of a survey method for
measuring RE

Structured questionnaire
surveys

Petrochemical
plants
Iran

Assessed factors affecting the resilient levels
using Fuzzy cognitive maps

Experts’ Views and
Structured questionnaire
survey

Petrochemical
departments,
Iran

Evaluated performance of Integrated RE through
questionnaires and data envelopment analysis

Structured questionnaire
survey

Public hospitals
Iran

Designed a questionnaire to assess crisis
management based on RE principles

Structured questionnaire
survey

MSWM
Companies
Italy

Assessed Resilience in Municipal Solid Waste
Management Companies

Structured questionnaire
survey

Petrochemical
plant
Iran

Proposed framework to assess human resources
productivity considering RE, motivational factors
and health, safety, environment, and ergonomics

Structured questionnaire
survey

Process
industries
Poland

Examined whether RE concept is related to the
implementation of OSH management systems and
safety performance

Structured questionnaire
survey

Hospitals
Iran

Present a new framework for assessing the crisis
management based on RE principles

Structured questionnaire
survey

Process industry
Iran

Assessed RE factors based on system properties Semi-structured
interviews with MCQs,
analysis of documents

Aluminium
factory
Iran

Evaluated Integrated Resilience Engineering
(IRE) using mathematical programming

Structured questionnaire
survey

Construction
industry
Canada

Developed and validated a Safety Climate
Resilience Model

Structured questionnaire
survey

Petrochemical
Plants
Iran

Designed a validated instrument to Measure
Resilience Safety Culture

Structured questionnaire
survey

Oil and gas
industry
Kuwait

Used resilient safety culture model to measure
impact of remoteness and mental health

Structured questionnaire
survey

Steel industry
Iran

Quantified and determined priorities of RE
dimensions

Structured questionnaire
survey

Petrochemical
Plants
Iran

Evaluated impacts of RE on integrated health,
safety, environment, and ergonomics
management system

Structured questionnaire
survey
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3.1 General Characteristics of Studies and RE Measured

Eleven articles were published from Iran, with the remaining ones from Australia,
Austria, Canada, Italy, Kuwait, and Poland. Industries from which these were pub-
lished from included petrochemical plants, process industries, public hospitals, avia-
tion, aluminum manufacturing, construction, gold mining, solid waste management and
steel manufacturing. Fifteen (15) survey instruments were reported across these studies,
suggesting this can be used for advancing quantitative evaluation of RE. As most of the
published are from Iran, care needs to be taken when drawing from these for other
countries. Similar care needs to be taken when proposing an instrument for the general
industry because of the heterogeneity of the studies.

The number of RE characteristics measured in these studies differed considerably,
with a minimum of three (3) and a maximum of thirteen (13). The most common
characteristics measured included six of seven themes suggested by Wreathall [12].
Behaviours [7], buffering, flexibility, margins and tolerance [9] were included in two
instruments; while cognition [7, 8], or the gap between work as imagined and work as
performed [11, 12] were mentioned in one study but did not feature in any empirical
investigations. What was not clearly spelt out, however, was what these characteristics
specifically represented i.e. independent variables, mediating variables, or outcomes.
This is something that needs to be investigated further.

4 Conclusion

This research is work-in-progress so any definitive conclusions regarding how RE has
been measured in the literature cannot be made at this stage. However, the preliminary
findings suggest that questionnaire surveys are the most common tools used for
investigating RE quantitatively, so this can be used to conduct benchmarking studies in
the field. Some key characteristics for measuring RE have been identified, but further
analysis is required to specify what they represent. Findings from such analysis are
useful in developing an appropriate theoretical framework and a supporting survey
instrument for advancing quantitative RE studies. Future work will report on the
development, pilot testing and validation of such surveys.
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Abstract. In the safety-critical process industry, safety competence is empha-
sized. It is essential to ensure that process operator students adopt good safety
competence during their studies. Due to Finnish vocational education and
training (VET) reform, on-the-job learning has increased, inducing a need for
new methods. In this study, an operational model for developing process
operator students’ safety competence in on-the-job learning was constructed and
evaluated. The model was compiled in cooperation with six process industry
companies, five VET organizations, and eight expert organizations. The main
data collection methods were interviews and workshops. The model consists of
eight phases and provides instructions, tools, and good practices for imple-
menting on-the-job learning. Companies and VET organizations considered the
model useful and identified several purposes of use for the model.

Keywords: On-the-job learning � Process industry � Vocational education and
training � Vocational student � Workplace safety

1 Introduction

New technologies, materials, extreme conditions, and the lack of young professionals
are challenges in the process industry, where the potential for major hazards and
accident risks is always present [1, 2]. Industrial operators have a significant role in
process safety [3]. The education of operators should include proper safety education,
as young workers typically have a higher injury rate than more experienced ones [4].

The new legislation on vocational education and training (VET) in Finland
emphasizes the role of on-the-job learning in vocational education [5]. On-the-job
learning is an essential part of developing process safety competence in process
operator students. Successful learning at a workplace needs effective cooperation
between a VET provider, a company, and a student and the integration of students’
different learning environments [6]. The reconciliation of workplace demands and
educational goals is important for the student to achieve the desired learning outcomes
[7]. For the cooperation of process industry companies and vocational institutions, new
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methods were needed. The aim of this study is to construct and evaluate an operational
model for developing process operator students’ safety competence in on-the-job
learning.

2 Materials and Methods

This study utilized a constructive research approach, which aims to solve problems
through the construction of a practical solution [8]. In this study, an operational model
was developed to find solutions that support the development of students’ safety
competence in the context of on-the-job learning in the process industry. The compi-
lation of the model was based on the main phases typical of constructive research:
setting of requirements, construction of alternative solutions, and validation of the
constructions [8].

First, the development needs concerning students’ safety competence and on-the-
job learning in the process industry were charted to define the requirements for the
model. Second, the design and content of the model were constructed by synthesizing
the data collected for the study. Third, the model was revised according to the review
comments of the study participants, and its utilization/usefulness was evaluated.

The model was compiled in cooperation with chemical and process industry
companies (n = 6), their collaborator VET organizations (n = 5), and other expert
organizations (n = 8) including, for example, labor unions, trade associations, and
safety authorities. The main data collection methods were interviews and workshops
(Table 1). In addition, a risk assessment exercise with observation, an accident anal-
ysis, a questionnaire for students, and the literature are used.

Table 1. Methods and materials used in the construction of the model

Phase Methods Participants

Phase 1
Setting of
requirements

Interviews All participating organizations (18 interviewees)

Workshop 1
Development needs

All participating organizations (19 participants)

Phase 2
Construction of
design and content

Company interviews Company representatives (n = 46) from all companies (workplace
instructors, superiors, safety and HR specialists, students)

Workshop 2
Process safety competence

All participating organizations (20 participants)

VET provider interviews Process industry teachers (n = 7) from all VET institutions

Risk assessment exercise
with observation

Process industry teachers (n = 9) and process operator students
(n = 35) from three VET institutions

Accident analysis Accident (n = 1381) data and reports (n = 17) involving process
operators and industry from the Finnish Workers’ Compensation
Center

Safety outlook
questionnaire

Process operator students (n = 117)

Literature Previous research, legislation, other guidance related to on-the-job
learning

Phase 3
Validation

Workshop 3
Review of the model

All participating organizations (16 participants)

Feedback interviews All participating organizations (19 interviewees)
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Interview and workshop participants included persons involved in on-the-job
learning in companies and VET organizations and other experts in the field of on-the-
job learning and safety. The interviews were mainly semistructured individual inter-
views and were recorded and transcribed. The workshops were facilitated by the
researchers and consisted of common discussions, group works, and presentations of
research results. The interviews and workshops covered several topics relevant for the
study, for example, good practices and development needs related to on-the-job
learning and safety, safety competence requirements, and the usefulness of the model
[e.g., 9–11].

The risk assessment exercise aimed to discover how well process operator students
can assess risks [12]. The accident analysis provided a summary of the circumstances
and consequences typical of accidents at work involving process operators and industry
and recommendations for accident prevention. The aim of the questionnaire was to
study whether the students had the safety attitude and ability desired by the process
industry companies. The data were collected through an e-survey directed to the pro-
cess operator students of the cooperative VET institutions. The questionnaire was based
on previous studies and consisted of items covering perceptions toward accidents,
safety instructions, communication, the role of safety, safety competence and training,
and safety performance, responsibilities, and risks.

3 Results

3.1 The Operational Model

The operational model describes the process of on-the-job learning. Themodel consists of
eight phases realized eitherwhile preparing for or during on-the-job learning (Fig. 1) [13].
Themodel describes inmore detail each phase and its significance and implementation. In
addition, safety issues relevant for each phase are emphasized.

Fig. 1. Phases of the on-the-job learning process
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For every phase of the process, the model contains examples of good practices on
how to implement the phase. Moreover, the operational model provides tools and
instructions for helping workplaces, VET providers, and students apply it in cooper-
ation (Table 2). The tools and instructions can be used for several purposes, for
example, defining practices related to on-the-job learning, self-assessment of safety
competence, and training teachers and workplace instructors.

Table 2. Tools and instructions for applying the operational model

Tool or instruction Description

Everything okay? -checklist The most important tasks of the VET provider,
workplace, and student at each phase

Features of a good workplace
instructor

List of features associated with a good workplace
instructor

Topics for workplace instructor
training

Topics to be covered when training workplace
instructors

Students’ essential safety
competence

Safety competence requirements essential for process
operators

Safety outlook questionnaire Questionnaire on students’ outlook on safety and
considering safety matters in education

Occupational safety responsibilities Instruction on safety responsibility distribution
between VET provider organization, workplace, and
student

Topics for orientation and guidance Topics that should be included in orientation and
guidance

Risk assessment exercise Tips for giving risk assessment exercises to students
Tips from companies to students Companies’ general expectations for student attitudes

and behaviors during on-the-job learning
Accident information The overview of accidents in the process industry
Topics for teacher visits during on-
the-job learning

Topics to discuss between the teacher, student, and
workplace representative when the teacher visits the
workplace during on-the-job learning

Exercises for students during on-
the-job learning

Examples of exercises that teachers or workplaces can
give students during on-the-job learning

Tips for planning and conducting
competence demonstrations

List of things to consider when planning a competence
demonstration, tips on how to prepare for a
competence demonstration, and questions and subjects
to cover during the competence demonstration

Examples of feedback questions Examples of questions for collecting feedback for
development from a student to a company or VET
organization, from a company to a VET organization,
or vice versa
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3.2 Usefulness of the Model

The cooperative organizations of the study considered the model useful and identified
several purposes of use for it. The main reason why the model was considered useful
was because it defines and documents the process for on-the-job learning. The study
participants further explained that defining and documenting this process ensures the
quality of the on-the-job learning and guidance given to students, unifies related
practices, and clarifies the parties’ roles. The model can be used to define, develop,
benchmark, and train the processes, practices, and responsibilities related to on-the-job
learning. These were rarely documented in the companies and VET organizations, and
related information was mainly scattered and tacit.

The model was considered a useful practical guide with good examples for VET
institutions and workplaces. Good practices in the operational model serve as check-
lists, diminishing the need to remember things and making operations smoother.
Moreover, companies and vocational institutions can utilize the model when devel-
oping and unifying their practices in cooperation. Vocational institutions become
familiar with companies’ practices and vice versa. For example, the operational model
can be used when drawing up an agreement on cooperation between a company and a
vocational institution. The model can also be used to train teachers and workplace
instructors.

4 Discussion

As a result of the study, an operational model for developing students’ safety com-
petence in on-the-job learning in cooperation with companies and vocational institu-
tions was compiled. The operational model defines the general process of on-the-job
learning through eight phases and related safety issues. Its purpose is to offer an
example and good practices to companies and vocational institutions, who can define
and document their own process of planning and carrying out on-the-job learning with
the help of the model.

At least in Finland, a common documented model for on-the-job learning has not
been available. Dang [14] considers the relationship between vocational education
training providers and enterprises and proposes a model to link those in Vietnam. The
paper does not define the process, but it emphasizes the importance of the cooperation
between the government, the school, and the industry.

Good communication has been suggested as an essential but often inadequately
functioning factor in successful safety management, particularly in situations where
several parties are involved [15]. Poortman et al. [16] have reported ineffective com-
munication between school and work in dual higher professional education. In this
study, it was noticed that the cooperation and development of students’ safety com-
petence will benefit from using similar practices in companies and vocational institu-
tions, for example, performing safety observations.

This study has some limitations. It covered only a limited number of companies and
vocational institutions. The model should still be further tested in practice in different
sectors. Nevertheless, the study participants considered the model useful in ensuring
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the overall quality of the on-the-job learning process and suitable for multiple purposes.
The fluency of the on-the-job learning process and the focus on safety competence can
increase companies’ and VET organizations’ attractiveness to students. Moreover,
developing the process safety competence of vocational students increases their pro-
spects of finding employment and provides a qualified workforce for the process
industry in the future.
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Abstract. Safety training has been identified as one of the most important
safety management practices. Previous research has suggested several models
for evaluating the effectiveness of safety training. Evaluation is crucial to
implement evidence-based training interventions. However, the outcomes of
safety training are difficult to demonstrate. Studies better specifying and mea-
suring the outcomes of training are needed. The aim of this study was to design
and test a model for evaluating the outcomes of safety training. The model
addressed 1) safety knowledge, 2) safety attitudes, beliefs and motivation, 3)
safety behavior and 4) safety performance. A survey (n = 25) was used to
measure the employees’ perceptions after the safety training. Based on the
results, some improvements in safety knowledge, attitudes, behavior and safety
performance can be found. The model was found as suitable for its purpose. The
results can be utilized in identifying factors related to the effectiveness of safety
training.

Keywords: Occupational health and safety � Safety training � Safety
performance � Performance measurement

1 Introduction

Safety management practices aim to improve working conditions at the workplace and
positively influence employees’ attitudes and behaviors with regard to safety, thereby
improving safety performance [1]. Safety training has been identified as one of the
most important safety management practices that predicts safety knowledge, safety
motivation, safety compliance and safety participation which are key factors of safety
performance [1–4]. Appropriate safety training could improve organizations’ safety
culture [5].

Previous research has suggested models for evaluating safety training effectiveness.
These models address several themes, such as safety knowledge, safety attitudes and
beliefs, safety behavior and health [6–8]. Based on the Ricci et al. [8] meta-analysis, the
most effective training in terms of improving safety knowledge and attitudes are the
individual self-learning modality, supplied by learning sessions no longer than 1 h and
not compulsory for the worker. The best effects on increasing safety behaviors were
obtained by behavioral, not compulsory training led by a researcher or an expert,
individually supplied and for a longer duration. On the whole, the effectiveness was
higher in voluntary learning conditions.
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According to Ricci et al. [8], a questionnaire is the most common method for
evaluating the effectiveness of safety training. However, the most significant measures
of efficacy are practical tests and questionnaires (administered immediately after the
intervention) for knowledge training and only practical tests (in a follow-up time from
immediately until three months) for attitudes training. The most significant measures
were obtained by questionnaires, administered up to three months after the intervention.

Evaluation is crucial to implement evidence-based training interventions and
improving the content and focus of training [8]. Previous studies [7, 8] highlight a
strong support for the effectiveness of training on worker safety attitudes and beliefs
and, to a lesser extent, on worker’s knowledge. Further, safety training has found to
have a medium effect on employee behavior and only minor effect on health. Different
kinds of training are effective with regard to safety knowledge and attitudes than with
regards to safe behavior [8]. Previous research suggests that classroom training does
not reveal itself very effective [8]. More research is needed about the effectiveness of
training, for example, applying different methods, in a small group, and regarding
vulnerable employees [8]. Furthermore, training should be continuous since the
training outcomes can be significantly reduced over three months [8].

Outcomes of safety training are difficult to demonstrate. There is a need for studies
better specifying the outcomes of safety training and presenting and testing instruments
for evaluating the outcomes of safety training.

Safety performance indicators could be better utilized in evaluating the safety
training effectiveness. We investigate how the outcomes of safety training can be
measured and whether safety training has positive effects on safety performance
Therefore, this paper presents a framework and method for measuring safety training
outcomes and discusses the employees’ perception on the effectiveness of training on
safety performance.

2 Materials and Methods

This study designed and tested a model for evaluating the outcomes of safety training.
Testing was carried out in a large company providing support services for facilities
management. This study utilizes a design science approach in which the intention is to
develop scientific knowledge and solve practical problems. The six main phases of
design science process [9] can be found in Fig. 1. This study follows the first four steps
while deploying and maintaining are not in the scope. First, the scope of the model is
defined. Second, the design and content of the model is designed based on earlier
literature. Third, the model is tested with the potential users of the model.

The scope of the model was defined based on the company’s needs to find out how
effective is the specific training intervention. The aim of the training was to increase

Scope Content Test Deploy MaintainDesign

Fig. 1. Main phases in constructing a model [9].
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hazard awareness, promote employees’ safe behavior and support the development of
safety culture. A model and its content were designed based on the literature addressing
safety knowledge, safety attitudes and beliefs, safety behavior and safety performance
with regard to safety training effectiveness [6–8]. The model was reviewed by safety
experts of the case company and revised accordingly. Finally, the model was tested in a
case company via paper survey.

Company-specific safety training was carried out as participatory classroom lessons
with practical examples and discussions moderated by an expert. The whole work team
including the supervisors participated in one training session. Training session were
arranged during November and December 2019, and total amount of the participants
was about 300.

A survey was used to measure the employees’ perceptions after the safety training.
The survey was carried out during February (2 to 4 months after the training sessions),
and 25 responses were received. Only one respondent represented supervisor position.
Around half of the employees had worked more than 5 years in their current position,
and almost all had at least 1 years experiences in the position. The survey consisted of
48 questions; a Likert-scaled evaluation included 43 questions, and 5 open questions
were asked. The respondents evaluated the effects of the safety training with relation to
the four themes of the survey. Data was captured from the response sheets using
Webropol survey tool. Descriptive analysis of the gathered data was carried out. The
utilization of the model was evaluated.

3 Results

The model for measuring the outcomes of safety training was designed based on the
existing literature on safety management and models related to the effectiveness of
safety training. The literature-derived content was further revised by the safety experts
in case company in order to capture realistic outcomes in the training in question. The
model addressed: 1) safety knowledge, 2) safety attitudes, beliefs and motivation, 3)
safety behavior and 4) safety performance (Table 1). The mean scores of the items are
shown in Table 1.

Table 1. The contents of the model and the main results (n = 25)

Perspective Sections No of questions Mean

Safety knowledge Working environment
Ability to work safely

4
4

3.73
3.74

Safety attitude, beliefs and motivation Understanding the significance of safety
Risk perception
Safety Motivation

5
4
3

3.82
3.81
4.01

Safety behavior Adhesion to the instructions
Feedback
Active safety participation

4
3
5

3.76
3.53
3.64

Safety performance Effects on occupational injuries
Effects on workplace climate
Supervisory performance
Employee performance

1
1
4
5

3.84
3.80
3.66
3.86

1 = disagree, 2 = partly disagree, 3 = neither agree nor disagree, 4 = partly agree, 5 = agree
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Most of the respondents (80%) agreed that the safety training has positive effects on
occupational safety by decreasing the number of occupational injuries (mean 3.84).
Similarly, most of the respondents (64%) agreed that the training improves the
workplace climate (mean 3.80). Some of the respondents stated that the training stirs
themselves to think risks before starting the job. Most of the respondents (74%) also
felt that the training improved their safety knowledge and ability to work safely in
different kind of situations (mean 3.73). Most of the respondents (70%) perceived that
the training had positive effects on their safety attitude, beliefs and motivation (mean
3.88). Interestingly, the training seemed to have greatest effect on the safety motivation
of the employees (mean 4.01), such as more active tackling of the problems and caring
for each other. The training had also some positive effects on employee behavior (mean
3.65), such as more active use of personal protective equipment. Safety climate was
perceived quite positive (mean 3.77), for example, the majority of the employees stated
that they take the fellow workers’ safety suggestions seriously (mean 4.04) and can
discuss safety matters openly (mean 4.00). Moreover, supervisors ensure that every
employee can influence his/her own occupational safety (mean 3.80) and encourage
employees to work always according to the safety instructions (mean 3.76).

The case company representatives evaluated that the model is suitable for its
purpose, as it is comprehensive and compiles the major objectives for the effective
safety training. The testing demonstrated that it includes relevant criteria for evaluating
training outcomes and reveals differences between different perspectives to safety
performance. Evaluation can also be conducted with reasonable efforts by employees.

4 Discussion

Based on the results, some perceived improvements in safety knowledge, attitudes,
behavior and safety performance can be found. According to Ricci et al. [8] meta-
analysis, OHS training induced positive effects on employees’ safety knowledge,
attitudes and beliefs, but minor evidence of training effectiveness on employees’ safe
behavior and health. On the contrary, Robson et al. [7] found strong evidence of the
effectiveness of training on employees’ safe behaviors. However, changes in behavioral
routines are difficult to self-evaluate. They could be better evaluated by, for example,
observations in workplaces [8].

Training adult workers is often a challenge because they are all motivated in
different ways, have different sets of experiences, different expectations and different
sets of skills and knowledge [8]. Safe behavior depends not only on perception and
knowledge but also on safety climate at the workplace [10, 11]. Co-workers’ orien-
tation and social pressure may influence workers’ intention to act in a safe way [8].
Nevertheless, safety training remains inadequate if it does not support behavioral
changes.

This study focused on safety training aiming at behavioral and cultural changes.
Raising safe behaviors is typically linked to in-depth and organization-wide inter-
ventions and not only to knowledge extension or occasional interventions [6, 8].
Previous research [8] suggests that classroom training does not reveal itself very
effective. Behavioral training and hands-on practice with greater effect on individual
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training and provided by experts may promote safe behavior. Moreover, training
should be in-dept and continued in order to have lasting outcomes. More research is
needed about the effectiveness of training, for example, applying different methods, in a
small group, and regarding vulnerable employees.

The initial phase of the model testing shows positive results and implications. The
model was found as suitable for its purpose. In a further study, safety performance
indicator data will be gathered to complement the survey data and to evaluate whether
different sources of information provide conforming message. In the future, a second
survey round could be carried out to study the permanence of the effects. During the
same period, the safety performance quantitative data could be examined to cross-
check the effects.

The study has some limitations. The study used self-report measures which may
affect the reliability of results. The use experiences of the new model are still limited.
The number of respondents to the survey could have been higher. In the future, the
model should be further tested with more companies in different kind of industries with
regard to different kind of safety training interventions.

This study contributes to the identification of a training intervention that could be
efficient in improving safety performance. The results of the study can be utilized in
identifying and measuring the outcomes of training and planning adequate interven-
tions to improve safety.

The resulting model will benefit both the research and practice of safety manage-
ment. The researchers can utilize the model in survey research. The practitioners can
utilize it in evaluating safety training interventions and their (cost-)effectiveness. This
study also presents a model for evaluating safety training effectiveness which combines
safety knowledge, safety attitudes, safety behavior and safety performance. These
perspectives can be used in linking different indicators and data sources to the eval-
uation of safety training effectiveness. By capturing safety performance, the new model
highlights the link between training effectiveness and safety performance. Moreover,
the developed new framework may be utilized as a leading indicator of safety
performance.
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Abstract. Inspection of complex mechanical systems can be costly and require
expert inspectors to perform the work. These systems include bridges, power
plants, aircraft, and even factories. In many cases, these systems are in remote
places globally and are difficult for qualified inspectors to visit. Inspections can
be done remotely using sophisticated cameras, set up to take three-dimensional
images. We showed that LIDAR and a three-dimensional, immersive environ-
ment could be used successfully for these types of inspections. However, there
are human factors issues and risks associated with remote inspections. This brief
paper discusses aircraft damage, inspection techniques, and the benefits, human
factors issues, and risks of remote inspection.

Keywords: Remote inspection � LIDAR � 3-D immersive environment

1 Background

We have worked on aircraft maintenance and inspection, human factors, ergonomics,
and risk since the early 1990s. Many of the tools we use were initially developed in the
1950s and 1960s by defense contractors to analyze complex weapons systems [1]. In
the 1970s and 1980s, these same tools were updated and adapted to analyze the risk
associated with nuclear power and weapons production [2]. We began using risk
assessment tools to examine aircraft maintenance tasks in the early 1990s. When we
initially started this work, we focused on aircraft maintenance [3]. The vast majority of
the structural components of commercial aircraft in service during the 1990s were made
from aircraft-grade aluminum alloys. Aluminum alloys are perfect for aircraft because
it withstands the extreme environments commercial and military airplanes are subjected
[4]. At the request of NASA and Boeing Commercial Aircraft Company, we shifted our
focus to aircraft inspection [5]. Aircraft inspection, in general, is categorized as General
Visual Inspection (GVI), Detailed Visual Inspection (DVI), and Directed Inspections
[6]. An obvious statement is that inspecting aircraft made from aluminum alloys is
much different than inspecting aircraft primarily composed of composite materials. We
developed risk models of aluminum aircraft inspection before shifting over to per-
forming inspection studies on composite inspection [7].

There is a big difference in the types of damage metal aircraft experience and the
kinds of damage composite aircraft experience [8]. Aluminum alloys primarily crack
and tear in response to an impact, for example. Composite aircraft experience small
dents that can lead to delaminations. Delaminations can go unseen, whereas a crack in
metal is much more visible. Both materials can suffer catastrophic damage. However,
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most of the time, the initial damage begins as small cracks or delaminations. For
example, Aloha Airlines Flight 243, a large part of the fuselage separated from the
Boeing 737 in mid-flight (Fig. 1). The failure mechanism resulted from multiple site
fatigue cracking of the skin adjacent to rivet holes along with the lap joint upper rivet
row and tear strap disbond [9]. Aluminum alloy aircraft are still being produced, and
Alcoa Aluminum claims they have an alloy that can compete with composites for
weight and strength [10].

The Boeing Commercial Aircraft Company's (Boeing) 787 was the first commercial
airliner with many of its structural components made of composite material [11]. The
787 Dreamliner was flown for the first time in December 2009. 50% of the structure is
made up of composite.

The Airbus A350 was the second mostly composite airliner to enter commercial
service. Composite materials have been incorporated in planes for many years. Com-
posite materials were first used on commercial aircraft in the 1950s. Boeing’s 707 was
made of 2% fiberglass, and in the ‘80s, Airbus was using 5% composite on the A310-
300. Gradually both companies have increased the use of composite through the years.
The Airbus A340 was using 10% of composite materials in the 1990s, and the Boeing
777 was using 12%. By the turn of the century, the advance made in composite
manufacture allowed the aeronautical industry to increase its use of composite sig-
nificantly. The Boeing 777 moved from 12 to 50% on the 787, while Airbus A340
moved from 10 to 25% on the A380 and finally to 53% on the A350XWB. Composites
have a high strength to weight ratio, and the resulting aircraft weighs significantly less,
producing fuel savings [12].

Fig. 1. Aloha airlines flight 243 damage (Source federal aviation administration)
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2 Remote Inspection Human Factors

Human inspectors have a relatively tricky task determining what is and what is not
damage, whether aluminum or composite [13]. There is a wide range of non-destructive
testing equipment that is used to help find metal damage. These inspection modalities
include eddy current testing, boroscope examinations, dye penetrant testing, and
ultrasonics, to name a few [14]. These systems do not lend themselves to remote
inspection. Remote visual inspection on aluminum aircraft can be performed for cracks,
but many small cracks could be missed.

Similarly, composite aircraft damage is challenging to find. Figure 2 shows minor
composite damage on the surface. However, thermography [15], a non-destructive
testing method, reveals the underlying damage (Fig. 3). The damage shown in Fig. 4
cannot be missed. Catastrophic accidents have occurred as well. An accident involving
American Airlines flight 587, the tail fin of an Airbus A300-605R came off the aircraft
after takeoff from JFK Airport [16]. A similar accident happened to the Air Transat
flight 961 in 2005, when a large part of the composite rudder had disintegrated [17].

Fig. 2. Photograph of dents around rivets in a composite aircraft part (Source [2])

Fig. 3. Thermographic image of composite damage (Source [2])
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Remote inspection can be performed in several different ways. In conjunction with
a 3D Immersive environment, we showed that LIDAR could be used to perform remote
inspections [18, 19, and 20]. Various companies have also developed camera systems
for remote inspections, along with Virtual Reality systems, for example, the AVA-
TOUR System [21]. The human factors and logistical related issues associated with
using these processes for inspection include:

• Training of the inspectors, both at the remote site where the data are collected and at
the analysis site where the data are interpreted.

• The lighting of the aircraft for the camera systems.
• Cleaning of the surfaces for inspection. Dirty surfaces can be interpreted as damage.
• Placement of the data collection devices to ensure coverage of all areas of the

aircraft. The installation of these systems could be a big issue. Even in person, GVI
and DVI inspections frequently miss damage on the top of aircraft surfaces [22].

• The expense of the data collection and data display technology.

The benefits of performing remote inspections include:

• Finding potentially catastrophic damage at a remote location, instead of flying a
potentially flawed aircraft to a maintenance depot.

• Reducing the number of inspectors at regional airports.
• Having potentially more experienced inspectors review inspection data.

The risks of remote inspection follow along with the human factor/logistical issues and
are contrary to the benefits. Risks include:

• Missing damage that a live inspector would be able to find.
• Falsely indicating damage that keeps a healthy aircraft at a remote location.
• Certifying a damaged aircraft for flight because the damage was not correctly

identified.

Fig. 4. American airlines, airbus 319 DAMAGED by hail (Source, courtesy of American
airlines)
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3 Summary

This brief paper discussed some of the issues with aircraft damage and the potential
catastrophic accidents that can happen if structural damage is not detected. Remote
inspection can be performed using a variety of techniques. When displayed in a 3D
immersive environment, we proved that LIDAR scans are beneficial for remote
inspection purposes. There are other systems that can be used, as well. However, there
are human factors issues and risks associated with isolated inspection, as there is with
all technologies.
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Abstract. In this paper, it is proposed that new tools and techniques for
speculative design practice are needed to guarantee the biodiversity of global
systems, and that they can be based in the non-normative strategies of futuring
that exist within culturally diverse and ecologically-engaged communities.
Furthermore, these tools and techniques can be used to build an ecology-centred
practice of speculative design for community action. Taking a research through
design approach that draws on critical theories of ecosophy, queer ecology and
queer futures, the presented research, as a part of an ongoing doctoral work,
aims to characterise the futuring strategies of such communities through par-
ticipant and desk-based qualitative research. Preliminary reflections are that the
communitarian and ecological future-making strategies described in theory are
present in material and imaginative practices. Such strategies are multi-faceted
and richly contextual and resonate across theoretical, practical and speculative
domains. Moreover, these approaches possess common and recurring aspects of
care-taking, non-linear temporality, relationality, storytelling, and playfulness.

Keywords: Speculative design � Systems design � Cultural diversity �
Biodiversity � Queer ecology � Queer futures � Sustainable social change

1 Introduction

This ongoing doctoral research project aims to explore the potential of non-normative
and ecological futuring strategies to underpin speculative design tools and techniques
that are diverse, ecology-centred and impactful. The hope is that such strategies can
form part of a more sustainable speculative design practice, and contribute to positive
and sustainable social change, and biodiversity and community activism.

This paper reports on the first phase of this research project, which is to learn about
non-normative futuring strategies, through participant based research with diverse and
ecologically-engaged communities, and through desk-based research and strategy
mapping.

This research builds towards an original framework for developing novel specu-
lative design techniques, which will be deployed in a community speculative design
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project intended to demonstrate the potential for a new speculative design practice in
taking action for more biodiverse futures.

2 Contexts

This work is situated in the context of the catastrophic destruction of the global
ecosystem driven by a normative human-centred view of the future, with a United
Nations report evidencing that biodiversity—a plurality of different types of organisms
—is giving way to a human-centred monoculture which cannot sustain life on this
planet. It is clear that action must be taken to argue for—and to achieve—alternative
futures to this [1].

Speculative Design is a mode of design practice that materialises transformative
futures that are an alternative to the future that is expected. As explained by Anthony
Dunne and Fiona Raby in Speculative Everything, a key foundational reference for this
mode of design, it is the use of design practice to ask ‘‘what if?” [2].

A promising design approach to a future-oriented biodiversity activism could
possibly be found in speculative design practices that aim to materialise futures outside
of the norm. However, speculative design has been criticised for lacking impact, and
not being practiced in a sufficiently diverse way to produce truly transformative out-
comes [3]. These concerns were initially explored by Jeffcott and Ferreira in 2019 [4].

3 Critical Lenses

As already stated, this doctoral research proposes a path towards a more diverse,
ecology-centred speculative design practice by learning from existing community
strategies for uncertain futures, as well as existing speculative fictions that engage with
the project themes. This approach is rooted in the critical theories of ecosophy and
queer theory—specifically queer ecology, and utopian queer futures.

In The Three Ecologies, Guattari argued that that the three ecological realms of the
environment, society, and the subjective individual are simply one ecosystem in a state
of crisis, a worldview he termed ecosophy (ecological philosophy). Strategies for
responding to the cultural-ecological crisis were based around “implementing effective
practices of experimentation…on a micro-social level scale” [5].

Queerness—described by Warner as a “resistance to the regimes of the normal” [6]
—and queer theory allow for just such a radical reframing of the relationship between
human and non-human. Morton’s Queer Ecology centres on the importance of diversity
of human experience as well as diversity of the beings in an ecosystem, suggesting that
the queer challenge of gender and relational norms could be applied to the artificiality
of the distinctions between humanity, the natural world and technology [7].

A queer lens can also provide a unique perspective on futurity and speculation.
Muñoz’s wrote in about how queer experiences are inherently futuring experiences. He
argued that minoritarian outsiders must and do find spaces in the present where a new,
more hospitable future can be imagined, enacted, and made real. By invoking and
materialising futures outside the norm, this queer gesture resonates with the speculative
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gesture in design. This framing of queer futurity is grounded in Ernst Bloch’s concrete
utopia, a better future that we can imagine and work for, incrementally and together,
through action in the present [8].

4 Methodological Approach

This research is methodologically situated as research through design: reflective,
practice-based research using design activities to generate knowledge through creating
artefacts and reflecting on the design process [9]. It is also situated as a speculative
research practice: a way to move from “reacting to pre-defined research questions to
devising questions and research techniques that may engender the emergence of novel
and inventive responses” [10], with an emphasis on a “speculative gesture” within
research, and the desirability of flexible and practice-based ‘techniques’ over more
fixed and procedural ‘methods’.

The research has four phases: to characterise these strategies, to create and validate
new speculative design tools and techniques, to apply these in a community speculative
design project to take action against biodiversity loss, and to evaluate their effective-
ness within design practice and other fields through engagement and reflection
practices.

5 Research Practice

5.1 Overview

This section of the paper gives some detail of the ongoing research activities that form
the two pillars of this first phase: characterising diverse futuring strategies through
exploratory qualitative participant research, and taxonomic strategy mapping from the
existing literature. These two approaches are complementary, with participant research
providing real world examples of theoretical or fictional approaches, and the wider
literature giving new perspectives on community engagements. This research will build
towards a strategic framework for the design of experimental speculative design tools
and techniques.

5.2 Participant Research: Design Probes

Participant-oriented research to learn about community strategies has to date largely
focused on design probes, alongside some initial and informal conversations with
relevant communities and individuals; this will be complemented later with interviews,
and design workshops (delayed from spring 2020 due to the coronavirus pandemic).

Design probes are a way to gather idiosyncratic and qualitative research data from
research subjects while the researcher is not present, consisting of a pack of activities
that can be distributed to research subjects with being collected at a later date [11].
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A draft set of 11 design probe tools was created, drawing on a number of the
theoretical and critical frames for the project, with a questionnaire asking how
engaging, interesting and well explained each task was.

These probes were distributed to 15 reviewers who were asked to attempt any
activities that interested them, returning any completed probes, and completing the
questionnaire. Out of the 15 reviewers, 5 responded to the questionnaire and 3 returned
some design probe responses. Questionnaire responses showed that reviewers found
the probe tools were interesting, but that many of the tasks were not clearly explained,
were too much of a time commitment, and may be more suited to group design
workshops. One reviewer generally disliked the design probe technique itself, feeling
that the technique was too “furtive”, and that they’d rather engage with the topics
directly.

Reflecting on these responses, the rationale of using design probes as part of the
project is being re-evaluated. While it is useful method to engage participants and to
generate some interesting qualitative research data, it is important to consider the
cognitive effort and time commitment to complete a set of probe tools, and it is clear
that well explained instructions are essential. As the research progresses, the design
probes will be reframed it as a series of very quick, low cognitive-load activities that act
to engage possible project participants with the themes of the project and generate some
rough qualitative data, with some of the more challenging activities being reworked for
collaborative design workshop settings.

5.3 Desk-Based Research: Building a Taxonomy of Futuring Strategies

The desk-based research is oriented towards characterising and mapping relevant
existing strategies and techniques into a loose taxonomy; this complements the design
probe activities by providing a wider context and understanding of how some of these
strategies are being deployed in different domains of discourse and practice.

Within the scope of the research are: critical theoretical texts with queer, diverse
and ecologically-oriented worldviews—to provide high-level and abstract strategic
outlooks; community projects and strategies—to relate theoretical strategies to rich
contextual real-world practices; speculative design projects and methods—to put them
into the context of existing design practices; and speculative texts dealing with themes
of cultural and bio-diversity—to illuminate how strategies can be engaged with through
imaginative, narrative and speculative practices. These are quite distinct domains of
discourse and practice with different languages, values, and ways of world-making that
requires an approach that accommodates perspectives across these different domains.

An initial attempt to create a spreadsheet database of speculative design techniques
quickly became an exercise of trying to categorise and hierarchise strategies, leading to
the realisation that grouping the techniques into categories was reinforcing the arbitrary
demarcations within and between people and nature that this doctoral project aims to
challenge. Another realisation was that for any particular design intervention, piece of
fiction, or community strategy, there was often a combination of different method-
ological and strategic approaches in play.

A more promising approach was to use a process of qualitative coding, using
qualitative research software with which it is possible to ‘code’ a text by assigning labels
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to any part of it, creating a series of ‘codes’ that can be cross referenced within and
between documents. This allows the creation of an evolving set of codes, as well as
acting as a way of interrogating and finding connections between different texts. This
approach enabled a mapping of strategies that was evolving and co-mingling, as reso-
nances appeared across different research sources: broad worldviews from critical theory
suggested further readings from the design that presented examples of those strategies
playing out in practice alongside other strategies, which resonates with speculative
fiction works in which the themes of the project are present, and which may then present
their own strategies that speak to the original theoretical framings. Over time, strategies
can be removed, merged, and collected, and a structure can slowly emerge.

The strategies were initially grouped under headings, such as temporal, narrative
and relational strategies. Many strategies fall under multiple headings which thus make
more sense as aspects that a strategy can have, rather than categories they belong to, so
a more appropriate taxonomic structure will need to be devised.

6 Reflections

Reflecting on this research stage, it demonstrates that the diverse and ecological future-
making strategies that are described in theory are playing out in practice. What is
emerging is a set of inter-related and deeply contextual strategies and principles that are
characterised by aspects of care-taking, non-linear temporality, relationality, sto-
rytelling, and playfulness that resonate across the domains of critical theory, com-
munity and environmental practices, and speculative fiction and design. A core
strategic principle is articulated by Haraway [12] as the necessity for taking care of
people, their land, and their stories, and that storytelling engenders an mutual ethical
responsibility, and such themes recur across the research domains. To give some
concrete examples, The Community of Arran Seabed Trust (COAST) is a community
action group who set up a successful ecosystem-protecting ‘No Take Zone’ that legally
prohibits fishing in Lamlash Bay on the Scottish island of Arran [13]. Through tourism
outreach that emphasised local stories of community and biodiversity, COAST have
implicated tourists with a duty of care by telling them how to recognise fishing boats
that have deployed their nets, and have successfully encouraged them to contribute to
the community by reporting any boats they see fishing illegally. A similar duty of care
within communities is seen in the ‘Queer Care’ practices in Lisbon’s underground
queer raves, with parties such as Mina working closely with the harm-reduction charity
Kosmicare, collaborating on projects such as Ravelength—a platform to provide online
support for community members who feel isolated from the sociality of parties can-
celled due to the cornovirus pandemic [14]. Such parties are a good example of the
sorts of performative and ephemeral spaces that Munoz suggested are characteristic of
queer futuring, by transiently finding better futures within a challenging present. In a
final example, from speculative fiction, Le Guin’s novel The Telling [15] gives an
account of a queer envoy from Earth who is sent to the planet Aka and becomes
implicated in the tensions between an oppressive ahistorical technostate, and the tra-
ditional adherents of ‘The Telling’, a collaborative sharing of information about their
history, people, and land, in which the storyteller is doctor, priest, and librarian.
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The text has thematic resonances with community practices, such as ethical respon-
sibility inculcated by listening to the stories of others, caring for the people and the land
through caring for stories, a non-linear temporality, and the experience of non-
normative outsiders.

In conclusion, this emerging research strengthens the argument that some of the
assumptions from critical theory about diverse and ecologically-based futuring strate-
gies can be evidenced in rich and contextual practices, and that there is a resonance
between such practices and speculative and imaginative engagements with these
themes. It offers the promise of an emerging framework in which a more diverse,
impactful and ecology-centred speculative design practice can be situated.
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Abstract. This project investigates the measurement of high reliability organ-
isations for improving health care safety. A growing body of peer-reviewed
studies continues to be published on high reliability organisations, demonstrates
its recognition and importance for improving safety across high risk contexts
such as health care. However, little attention has focused on developing an
understanding of how it has conceptualized, and factors that have been used in
its measurement. This is a significant gap which can limit its operationalization
for research and practice. This paper presents a systematic review project cur-
rently underway which seeks to address this gap. After completing a systematic
search and selection strategy twenty-one articles were selected for analysis.
Results indicate fourteen survey instruments have been used in these studies.
Seventeen different definitions of HRO were identified. Nine studies used sur-
veys for data collection. Both independent and outcomes variables were
reported, these can be used to inform an initial theoretical framework and a
survey instrument.

Keywords: High reliability organisations � Collective mindfulness �
Systematic review � Health care safety

1 Introduction

This paper is a work-in-progress and is part of a broader research project on advancing
organisational safety through High reliability organisations (HROs) in the health care
sector. Personnel working in this sector are always under pressure to provide quality
and uniform services for all users, while ensuring safety is guaranteed before, after
treatment, during admission, and discharge of all patients. The Australian Institute of
Health and Welfare [1] has identified the improvement of safety as a key performance
area that the sector needs to focus on in order to reduce preventable adverse outcome
and risks to health care staff which pose a significant cost to the Australian health care
system [2]. While some improvements have been observed, these have not been sus-
tained. In part this is due to a high reliance on compliance, proceduralisation and
standardization. These issues have been previously identified by the Institute of
Medicine (IOM) [3] while highlighting that solving problems in the health care
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required more than procedures and standards [4]. This was because health care safety
was part of a complex, socio-technical system, and the effective management of safety
in such a system required embracing more advanced solutions from beyond health care
sector. The IOM strongly pointed towards HROs as a framework to embrace.

HROs are able to manage and sustain a nearly-error free operation despite operating
in highly complex and uncertain environments, where the consequences of errors can
be catastrophic [5]. The term was first introduced in the 1980s by a group of University
of California, Berkeley (UCB) researchers as an alternative to Normal Accident Theory
(NAT), the basic tenet of which was that accidents were inevitable in tightly-coupled
complex technological systems because such systems had become so complex and
tightly coupled such that a small event could trigger a series of cascading failures in
many parts of the system, leading to an eventual disaster [6]. However, the UCB
researchers argued there were some organisations that were equally complex and
tightly-coupled but had achieved excellent safety and production goals [7]. These
authors argued that organisational accidents in such systems were preventable and
could be managed effectively by relying less on structures and routines and more in
processes related to ‘collective mindfulness’. Traditionally, mindfulness is associated
with the mental state of individual who have a heightened alertness to the environment
and are able to react accordingly. In HROs, however, this is more of a cognitive
mindset that is characterised by preoccupation with failure, reluctance to simplify,
sensitivity to operations, commitment to resilience, and deference to expertise [5].
Conceptually, HROs have been associated with the fourth age of safety, with collective
mindfulness representing as an advanced, socio-technical approach to safety manage-
ment [8]. Many health care organisation in the United States have incorporated HRO
guidelines into their daily operations through initiatives such as training [9], culture,
behaviour and leadership [10], teamwork and communicate [11]. Recent reviews have
examined its utility in, apart from healthcare, construction, major hazard facilities [12,
13], and other industries [14], resulting in a rich body of knowledge around its con-
ceptualisation. However, limited attention has been devoted to developing a compre-
hensive understanding of how it has been defined, the characteristics and instruments
that have been used for measuring collective mindfulness. This paper seeks to address
this gap and propose a framework that can be used to benchmark and improve safety in
the Australian health care sector.

2 Method

A systematic review was used for this research, and the specific methods utilized are
described in Pillay, Enya and Boateng [15]. The Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) [16] adapted from a previous review
[12] were used, with articles searched in five electronic databases (CINAHL,
EMBASE, MEDLINE, PsycINFO and SCOPUS). Papers published in English
between January 2003 and September 2018 which focussed on HRO in health care and
used an instrument were included in the final selection. The quality of the final set of
articles were evaluated based a ten-item checklist adapted from Gillman and Pillay [17]
and Enya, Pillay and Dempsey [12]. Key information relating to research aims, study
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design, characteristics measured, and instruments were exported into an Excel
spreadsheet.

3 Results

The results of the search and final selection based on the PRISMA flowchart is illus-
trated in Fig. 1. To summarize, the five electronic databases generated 1424 articles
from which 630 duplicates were removed. Title and abstract screening for the
remaining 794 led to the exclusion of 712 articles, with 82 eligible for full-text
screening. A further 61 were excluded resulting in a final list of 21 articles for
synthesis.

3.1 General Characteristics of Studies Selected

Quantitative studies of HROs did not receive much attention until 2004, approximately
two decades after these were first conceptualized by UBC researchers. The target
population investigated included a mix of top management, middle management and
front-line practitioners, which covers the socio-technical system of health care. The
research settings were mostly hospitals and a few medical academic departments. The
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Fig. 1. PRISMA flowchart of results
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sample size for participating medical organisations ranged from 4–200 hospitals and
medical facilities, and 15–1685 in general healthcare. Four theoretical frameworks or
models were used in these studies.

3.2 Definitions of HROs

Seventeen different definitions of HRO were identified, with most basing it on the
works of key proponents of HROs [18–20]. These centered around the management of
risks and risk during catastrophes, complexity and hazardous contexts.

3.3 Research Instruments Used for Measuring Collective Mindfulness

Nine studies used surveys for data collection, with the instruments comprised of 9–55
items. The survey instruments used Likert response scales ranging from 3–7-points.
Five studies used semi-structured and structured interviews for data collection, two
used focus groups, one utilised mixed method, and another a checklist.

3.4 Variables Measured

The five principles for collective mindfulness were used in most of these studies,
although in a few these had been expanded. Most of these were proposed as inde-
pendent variables. Seven studies also reported on outcome variables, including:

• adherence to HRO principles
• knowledge of HRO model
• patient safety
• patient contribution to mindful organizing, and
• stages of HRO maturity

While an in-depth analysis of these is currently in progress, the research team
believes these findings can be used to inform a theoretical framework and survey
instrument for measuring HRO in the Australian health care sector.

4 Conclusion

This research is work-in-progress so any conclusive statements regarding how HROs
have been defined and measured in the literature cannot be made at this stage. How-
ever, the preliminary findings suggest that questionnaire surveys are the most common
tools used for investigating, so this can be used to conduct benchmarking studies in the
field. Some key characteristics for measuring HROs through expanded principles of
collective mindfulness have been identified, together with examples of outcome vari-
ables they are expected to affect. These findings provide a way forward for developing
an appropriate theoretical framework and a supporting survey instrument for conduc-
tive evaluations and benchmarking studies. Future work will report on the develop-
ment, pilot testing and validation of such surveys.
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Abstract. This paper reports on an investigation of resilience engineering as a
construction safety strategy through safe work method statements. Safe work
method statements are a regulated strategy for controlling health and safety risks
in Australia. However, there is little research published on safe work method
statements, so the specific role they play in construction are unknown. Previous
studies have suggested similar approaches, such as safety rules and/procedures
were not followed to the latter but adapted to suit the local context of work and
environment, creating gaps between the two. Such gaps are also important in
Resilience engineering, a new paradigm for safety management. While RE is
attention in construction safety, the specific links between safe work method
statements and resilience engineering have not been investigated, so it is not
clear whether safe work method statements enhance or hinder resilience engi-
neering. This study seeks to address this through a case study in a residential
construction project.

Keywords: Resilience engineering � Safe work method statements �
Construction safety � Case study

1 Introduction

This paper is a part of a broader research project on advancing organisational safety
through Resilience engineering (RE) in the Australian construction sector. Like most
countries, construction continues to be singled out for its poor safety performance in
Australia. The industry currently employs 9% of the workforce but is responsible for
more than 11% of the workers compensation costs and 16% worker fatalities [1]. The
industry also ranked third highest for both the number of fatalities and workers com-
pensation claims for serious injuries in the last five years. What is concerning is that
workers continue to be affected by the same type of health and safety hazards they were
exposed to a decade ago. These include, for example, falls from heights, being hit by
falling objects, and impacted by vehicles [1]. This is more pronounced in residential
construction where work environment changes constantly, work crews are relatively
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smaller and comprised of young workers or migrants, on-site safety advisors are rare
and safety innovations lag behind commercial construction projects [2]. Over two and
half decades ago it was observed that the manner in which construction safety was
managed had not changed [3]. Recent studies suggest this continues to be the case, with
the industry continuing to rely on contemporary strategies to manage construction
safety risks. As authors such as Wachter and Yorio [4] note, such strategies become
institutionalised through policies, plans and procedures; and generally not able to be
adjusted to inevitable changes in work, the environment in which such work is con-
ducted, or any emergent risks that may be encountered.

One contemporary approach includes safe work method statements (SWMS) that
was introduced in Australia under the harmonized construction safety regulations [5].
However, there is a paucity of research on SWMS, so the role they play in construction
safety are largely unknown [6]. What is known is that similar approaches, such as
safety rules and/procedures were not followed to the latter but adapted to suit the local
context of work and environment, creating gaps between the two [7]. Contemporary
safety management generally treats these gaps as violations. Advanced approaches
such as Resilience engineering (RE), however, treat such adaptations as human vari-
ability and part of normal human performance, and a necessary requirement for
achieving safe performance by recognising, adapting and absorbing variations and
changes [8]. Accordingly the gap between work-as-imagined (WAI) and work as done
(WAD) is an important facet of RE [9, 10], which is gaining some attention in con-
struction safety [11]. The specific links between SWMS and RE, however, have not
been investigated [6, 12]. This study reports on the findings of a study which sought to
address this gap on a residential housing project. It specifically focuses on the WAI
aspect of SWMS from the perspective of managers.

2 Theoretical Framework

Fostering RE involves developing an understanding of how work practices evolve in
normal work settings, as opposed to how it was imagined (or prescribed) [9]. Nathanael
and Marmaras [13] argued that the transformation of prescriptions to work practices
involved a series of four interconnected loops which could be decomposed at two broad
levels. This is illustrated in the modified prescriptions-repetitions-distinctions-
descriptions (MPRDD) model in Fig. 1.

The top level included the prescriptions loop which represented an organization’s
goals and intentions as expressed in its policies, standards, procedures and/or work
instructions, and communicated downwards as assigned responsibilities, specific
objectives norms, standard operating procedures, task and work descriptions [13]. In
Fig. 1 this is conceptualized as work-as-imagined (WAI).

The bottom level is about the actual practice, which evolved through a series of
double loops, each encapsulated inside the other and unfolding at different times [13].
The repetitions (R) loop involves the development of ‘safe work habits’ via re-enactment
and reinforcement during normal operations; while the distinctions (D) loop their situ-
ated challenging following a breakdown where members distinguished new ways
of acting [13]. The authors suggested some of these also triggered reflection-in-action
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in the groups, leading to modified practices which were subsequently immersed into the
prescriptions cycle. The descriptions (D) loop provided an opportunity for detached
reflection in instances where workgroups acted not only in the present but also placed
their identity outside of their evolving work experience and reflected upon it. This
reflection-on-action was generally disconnected from experience and allowed groups to
generate their own interpretations which were formalised through dialogue and dis-
cussions [13]. Successful adaptation depended on an organization’s ability to provide a
stable foundation for their interpretation and formalisation. In Fig. 1 this is conceptu-
alised as WAD.

The MPRDD model acted as the theoretical framework for collecting and analysing
data on the prescription and practice of SWMS.

3 Methodology

A case study was used for this project, a comprehensive research strategy where data is
collected over a period through a combination of methods in order to illuminate the
phenomena being investigated [14]. The research setting, which is identified in this
paper as Organisation A, included a medium-density residential construction project
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Fig. 1. Modified prescriptions-repetitions-distinctions-descriptions model (M-PRDD)
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located in Victoria, Australia. A triangulation [15] of semi-structured interviews, field
observations, and documents were used to collect and analyze the data.

4 Results

For the purposes of this paper, the results of interviews with managers is reported, with
the pseudonyms PAR### used to indicate participant number. These represent the
prescription of SWMS according. The five themes that arose at this level suggested that
SWMS provided legal protection, involved a process, had a role in safety. However,
there were mixed views regarding the type of construction work SWMS were required
for.

4.1 SWMS Provide Legal Protection

A common theme from Organisation A Managers is that SWMS provide legal pro-
tection. An example of this is expressed in the following excerpt: “…I find them as a
way of being able to transfer liability from the principal contractor to other parties…
shifting of liability”… (PAR001). For this informant having a SWMS in place meant
the organisation was able to transfer liability to others where possible. The informant
spoke of a recent experience of an incident at one of his construction sites which had
resulted in an intervention by the regulator. According to him organisation A was able
to shift the liability for the incident back to the lead contractor, in this case a concreter:
“It had basically gone from a builder’s point of view, from I’d done the paperwork,
and then the liability went to the concreter for taking unnecessary works outside his
scope. So now any of the liability that would have come to use from the Regulator has
now gone straight across to the concreter…” (PAR001).

4.2 SWMS Involve a Process for Driving Efficiency

A second theme from Organisation A managers is that SWMS establish a process; an
example of this is expressed by the following excerpt: “Well, I think they are quite
good because they set the process….” (PAR003). The informant elaborated that “…
instead of wily-nily turning up to a job and just going for it, but if there’s a set process
that guys can work through…. That it’s actually a quicker way to do it by these devised
processes. The second part suggested this process was about achieving the work faster
i.e. driving efficiencies by following a set process.

4.3 Work Contexts for SWMS

A third theme related to the types of construction work that warranted a SWMS. There
were two different views in this regard. The first was that these were required for some
types of construction, as ex-pressed in the following: “Well, obviously we’ve got
regulatory requirements to make sure we’ve got it for all high risk works”… (PAR001).
However, another suggested these were required for nearly all types of construction:
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“So you’d almost say that our generic Safe Work Method Statements that we have
would apply to 95% of the works that we do.”… (PAR0003).

4.4 SWMS Have a Role in Safety

A fourth themes related to SWMS and safety, generally expressed in the following
way: “Obviously it’s to ensure the safety of the guys on site as well. That’s a primary
function of it from that point of view…” (PAR004). Another provided some context
around this “…it’s to keep people safe and to prevent them from completing activities
in the incorrect manner that could possibly increase their risk of personal injury”…
(PAR004). In this the suggestion is safety can be achieved through working correctly
i.e. procedure following.

5 Discussion

This study is part of a larger study aimed at investigating the links between SWMS and
RE. A M-PRDD model was developed and used as the theoretical framework to
investigate the prescription of SWMS in a residential construction project. These
preliminary findings from semi-structured interviews with managers suggested SWMS
provided legal protection, involved a process and aimed at achieving efficiency by
following a set process. These finding are, to some extent, at odds with a previous
findings from regulators [6], which suggested they were a safe system of work, a live
strategy for controlling risks, a cognitive artefact, and a tool for social interactions.
There were two different views regarding the type of construction work for which
SWMS were required. The first is that these are required for some work, while the
second suggesting required for nearly all work. The view that they were required for
some types of construction is consistent with previous views of the regulators; while
the view they are required for most types of construction resonates with those of
industry association [6]. The view that SWSM contributed to safety by rule following
also was different to previous findings from regulators, who suggested that their use as
a safe system of work and social interactions were more important.

Future work will report on the findings from semi-structured interviews with
supervisors and workers, observations on the use of SWMS used in a range of con-
struction activities, and analysis of documents.
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Abstract. Emulation of large scale neural networks is a growing research field
that tries to understand how the brain works. Different approaches based on
hardware and software have been developed for this purpose. However, in this
paper, we focus on dedicated parallel hardware implemented with FPGA. In this
context, brain connectivity is one of the biggest challenges to overcome for
neuromorphic circuits. To establish an efficient communication link in multi-
FPGA architectures, high-speed serial transceivers GTX are an excellent alter-
native. Through hardware tests with Kintex 7 and Zynq ZC706 platforms, we
compare eye pattern, and BER results, in order to obtain the optimal line rate to
establish communication between both boards. The maximum transmission
speed achieved without signal degradation was 5 Gpbs.

Keywords: GTX transceivers � Aurora 8b/10b � Parallel hardware � FPGA �
Zynq

1 Introduction

The growing interest in the development of neuromorphic applications with high
biological realism has boosted the search for solutions through hardware and software.
Software-based systems have the advantage of supporting a high degree of pro-
grammability. However, given its inherently sequential processing, the increase in
delay is proportional to the size of the network, affecting runtime and drifting far from
real-time. Simulators such as BRIAN [1], NEURON [2] are some of the most used for
applications that require few neurons. In turn, hardware developments characterized by
parallel processing can offer execution times between 2 and 3 orders of magnitude
faster than their counterpart in software for high-scale networks. The proposed archi-
tectures are in the analog and digital field. For the present case study, we focus on
FPGA-based digital architectures. This technology allows parallelism, high flexibility,
and programmability at a low cost of implementation. Besides, they have IP cores to
speed up the description of the hardware. Architectures like NeuroFlow [3] and Panni
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[4] based on this technology are capable of supporting networks of 98304 and 1440
neurons per core, respectively, staying within real-time limits.

In this context, neural connectivity is one of the determining factors that has
prevented hardware from reaching biological scales. It is due to the number of synaptic
connections required to connect each neuron. There are an estimated one hundred
billion neurons in the brain of an adult, and each neuron typically has 1,000 to 10,000
synapses [5].

Despite its significant advance, electronic technology presents a fan in and fan out
well below what is required to achieve a biological scale. Thus, dedicated connections
to each neuron are unfeasible. As an alternative, digital systems take advantage of
multiplexing techniques to improve the transmission capacity per unit of time, with a
latency penalty that is proportional to the number of neurons. The bandwidth of the
communication channel is one of the factors that limit the growth of a neural network.
To transmit the events generated by a large-scale network, a channel with high
throughput is required, which is restricted by the limitations of the technology.

The AER (Address Event Representation) asynchronous protocol proposed by
Mahowald and Silvolotty [6] is one of the most used to model a large number of spiking-
type neuronal interconnections encoding the direction of the presynaptic neuron. This is
an alternative one-way point-to-point communication of spike events between neural
arrays. An event corresponds to the code belonging to the firing neuron. Among its
limitations is the information loss caused by collisions when several neurons fire
simultaneously on a multiplexed channel. Variations of the original protocol, such as the
one proposed in [7] handle synchronous pipeline communication with the advantage of
being free of collisions. It improves scalability and transmission efficiency when using
high-speed serial connections implemented with GTX transceivers available on high-end
FPGA like Kintex 7 and Zynq-7 ZC706. In the proposedmanuscript, a performance study
of different transmission rates is proposed, as well as the quantification of the bit error rate
(BER) between the Zynq ZC706 and Kintex 7 platforms by obtaining eye diagrams.

2 Multiprocessor Architecture

The development of hardware neuromorphic applications on embedded systems
requires efficient systems to implement its configuration and learning process, espe-
cially when addressing large-scale systems. However, due to a large amount of
information that must be processed and sent to each dedicated processing unit
responsible for computing neural and synaptic algorithms, these tasks are often per-
formed off-line. In this sense, communication from and to the outside to carry out
configuration, monitoring, and learning tasks must be managed efficiently, so that a
bottleneck does not occur and ends up slowing down the system in general.

The neuromorphic hardware on which this proposal is developed corresponds to a
scalable architecture that emulates spiking neural networks based on FPGA [8]. In
order to increase its scalability this architecture allows multi-chip communication in a
ring topology between Zynq ZC706 and Kintex 7 FPGA platforms. During its exe-
cution cycle, after the neural processing is done the spike distribution takes place.
During this phase the communication is carried out on the basis of the Xilinx Aurora
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protocol, which allows point-to-point communication between nodes using high-speed
serial lines, supported by GTX transceivers. In this context, to ensure the establishment
of a secure and efficient communication link while maintaining the real-time archi-
tecture operation, the integrity of the data on the serial link must be guaranteed at the
maximum transmission rate, and a minimal bit error rate.

2.1 GTX Transceivers

GTX transceivers are embedded on Xilinx Kintex 7 FPGA and Zynq-7 ZC706 board.
GTX are configurable hard-tiles with common components like Phase Locked Loop
(PLL) and reset logic. These have the advantage of maximizing the data flow, reaching
speeds from 500 Mbps up to 12.5 Gbps for the GTX family. They have an efficient
consumption of power and resources [9]. Its function is to collect parallel data gen-
erated to an fclk1, serialize it to an fclk2 to be transmitted in a bitstream over a serial
link to the receiving side where it is deserialized for being treated again as parallel data
to fclk1. The transceivers are located in Quads equivalent to a group of 4 transceivers.
In the case of the ZC706 [10], there are 16 GTX Quad that distinguishes each trans-
ceiver by their X and Y coordinates. The Quad requires a differential clock reference,
independent of the clock that controls the rest of the programmable logic. This signal
can be obtained from Si5324 jitter attenuator programmable chip.

Fig. 1. DSPLLsim programming interface
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Si5324 is a high precision circuit used to generate clock signals with ultra-low
delay jitter. It is a configurable 36-pin integrated circuit via SPI or I2C communication.
This clock circuit can generate any frequency within the range of 2 kHz to 945 MHz
and select frequencies at 1.4 GHz from an input frequency of 2 kHz at 710 MHz. It can
provide any frequency combination across its operating range.

Zynq devices, which include an ARM microcontroller-based processing system
(PS) can program the Si5324 controller through the I2C interface. In order to generate
the required frequency value, the controller has to be initialized by the PS at boot time
by writing the controller configuration registers used for modifying the frequency.

DSPLLsim (see Fig. 1) is a useful software tool used to determine the value that
each register should have (143 in total). The application allows that according to the
desired frequency and other specifications, to generate a map of register with the
corresponding values. The Zynq PS is programmed through an application created
using the Xilinx SDK in C language, enabling I2C communication and including the
registers’ configuration values of the Si5324 controller.

2.2 Aurora Core

Xilinx Aurora 8b/10b IP, it is a serial lightweight protocol used as point-to-point
communication which includes error detection and recovery data. The bit stream
contains the protocol encapsulated to differentiate between data/control words and
start/end of current data. 8b/10b code is used to obtain enough transitions to extract the
clock from the incoming stream [11].

3 Implementation and Results

The neural architecture is implemented based on two types of nodes: master and slave.
The master implemented in the ZC706 card fulfills the functions of neural processing,
spike transmission, as well as communication through the ethernet port with an API.
Through this, functions of configuration and neural activity monitoring are performed.

Table 1. Configuration parameters to set Aurora core

Parameter Kintex 7 ZC706

Line Width (bytes) 2 2
Line Rate (Gbps) 5 5
GT Refclk (MHz) 125 125
INIT clk (MHz) 50 50
DRP clk (MHz) 50 50
GTX 2 2
Quad X0Y8 X0Y9
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The slave implemented on Kintex 7 cards, performs neural processing and spike
transmission to the rest of the network nodes. Communication between master and
slave is done based on GTX transceivers connected to SMA terminals. To determine
the maximum transmission rate and quantify the error rate (BER) between both plat-
forms, the Xilinx core iBERT IP was used to stablish the functionality and get infor-
mation about the transceiver channels status and its capability. Tests were performed at
3.25, 5, and 6 Gbps obtaining the eye diagram in each case. The highest transmission
rate at which the channel does not degrade was 5 Gbps (see Fig. 2) with a BER of
1.57E-12. For the 6 Gbps case, a completely closed eye diagram was obtained, which
suggests a high probability of transmission errors occurring.

Once the line rate was obtained, the Aurora protocol was implemented as a com-
munication protocol for data serialization and deserialization. Table 1 shows the core
configuration parameters for both platforms.

Figure 3 shows hardware result in board ZC706 from Aurora Protocol. It can be
seen that the channel is up and transmission of data is performed without error at 5
Gbps rate. To physically connect the two training cards to their respective GTX
channels, coaxial cable was used. A pair of SMA cables were necessary for the cross-
connection between the transmitter and receiver since the signals are differential for
each transceiver.

Fig. 3. ILA core, hardware implementation result with ZC706 board for Aurora Protocol.

Fig. 2. Eye diagram for ZC706 MGT_X0Y9 5Gbps.
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4 Conclusions

The limitations in connectivity and bandwidth imposed by the traffic generated by
spike events in high-scale networks straiten the scalability of the network and even
more so its ability to keep its operation within real-time limits. In hardware neuro-
morphic architectures, the use of high-speed serial transceivers combined with high-
light protocols such as Aurora allows an alternative to solve the bottleneck in data
transmission, given the low overhead introduced by control packages.

Tests carried out on hardware with Kintex, and ZC706 cards determined that the
maximum line rate achieved with GTX transceivers through SMA connectors and
using shielded coaxial cable for the physical interconnection, with an acceptable BER
is 5Gbps. This data constitutes a reference point for future applications in any field.
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Abstract. Firefighting is considered one of the most challenging professions.
Personal protective equipment plays a crucial role in protecting firefighters
against numerous occupational hazards. Despite the advances in materials
technology, current firefighting personal protective clothing is considered heavy,
bulk, stiff, and thick. Many studies evaluated firefighters’ perceptions of current
equipment. Fit and sizing are frequently reported as issues in firefighting pro-
tective clothing. This paper provides a literature review with the objective of
offering a better understanding of how fit and sizing of firefighting protective
clothing have been addressed by researchers. A review of the main issues faced
by firefighters as well as a synthesis of suggestions for improved design and
better purchasing as reported in the literature are provided.

Keywords: Comfort � Firefighter � Performance � Personal protective
equipment � Protection

1 Introduction

Firefighting is considered one of the most dangerous, arduous, and physically
demanding occupations [1–3]. In their daily duties, firefighters face numerous occu-
pational hazards that can result in injuries and illnesses.

© The Editor(s) (if applicable) and The Author(s), under exclusive license
to Springer Nature Switzerland AG 2021
W. Karwowski et al. (Eds.): IHSED 2020, AISC 1269, pp. 301–307, 2021.
https://doi.org/10.1007/978-3-030-58282-1_48

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-58282-1_48&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-58282-1_48&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-58282-1_48&amp;domain=pdf
https://doi.org/10.1007/978-3-030-58282-1_48


Firefighters are required to wear different personal protective equipment according
to the type of mission and environmental conditions1. When fighting structural fires, for
example, firefighters wear protective clothing (e.g. coverall or turnout coat and trou-
sers) and other accessory items (e.g. helmet, hood, face mask, self-contained breathing
apparatus, gloves, footwear, and harness).

Ergonomics of protective equipment is a multifaceted subject involving comfort,
protection, and performance. In the case of firefighting PPC, Ergonomics is being
addressed from many perspectives: thermal protection, effects of load carriage, freedom
of movement, functional balance, visibility and conspicuity, and so on.

1.1 Remaining Issues in Firefighter Personal Protective Clothing

Firefighter PPC has evolved over the years. Great efforts have been applied to the
investigation of new material, textiles, and finishing processes. Nonetheless, many
obstacles remain despite functional improvements.

Studies have pointed out that higher thermal protection obtained due to the
advances in materials technology has greatly decreased burn injuries yet inevitably
increased the weight and bulkiness of firefighters’ gear [4]. Current firefighter pro-
tective clothing is considered heavy, cumbersome, stiff, and thick. Nonetheless, fit and
sizing remain critical challenges when designing firefighting protective clothing so as
to enhance firefighters’ comfort and performance.

This paper provides a literature review with the objective of offering a better
understanding of how fit and sizing of firefighters’ protective clothing have been
addressed by researchers. A review of fit and sizing issues faced by firefighters when
wearing turnout gear reported in current literature as well as a synthesis of suggestions
from a range of authors for an improved design and better purchasing and selection is
presented. Nonetheless, a short description of the main characteristics of personal
protective clothing for structural and proximity firefighting2 is presented as follows.

1.2 Characteristics of Structural Firefighter Personal Protective Clothing

Firefighting PPC is primarily designed to protect firefighters’ upper and lower torso,
neck, legs, and arms and is currently available in different styles and materials.
However, firefighting PPC can be individualized only to a certain extent, through
choosing different styles and types of pockets, trim, snaps, rivets, and closures [1].

1 The personal protective equipment worn in structural and proximity firefighting, for example, is
different from the equipment worn in wildland firefighting. A definition of structural and proximity
firefighting and wildland firefighting is available in the NFPA 1971 - Standard on Protective
Ensembles for Structural Fire Fighting and Proximity Fire Fighting and in the NFPA 1977 -
Standard on Protective Clothing and Equipment for Wildland Fire Fighting, respectively.

2 In this paper, we focus on Structural and Proximity Firefighting Protective Clothing, and more
precisely, on coat and trousers, which will be referred as PPC from now on.
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Commercially available firefighting PPC should meet design requirements and
performance requirements set by standard organizations3. Firefighting PPC must
comprise three layers: an outer shell, a moisture barrier, and a thermal barrier. An
additional internal comfort layer may also be included [5, 6].

Turnout coat length usually goes down to hips and must overlap the pants to
provide adequate protection. The coat may have a straight hem or a tailed back. A high
collar to protect the neck region is required. Sleeves must be long and have a protective
wristlet or another interface component to cover and provide protection to the wrist
area. The wristlet may also contain a loop strap to be attached to the thumb to prevent
the sleeves from going up and consequent skin exposure.

Turnout trousers usually have a high waist to protect the abdomen region. Sus-
penders are attached to turnout trousers in order to stand up against the weight added to
the pockets or when trousers become wet. Reinforcement pads may be included in the
knee area. Additionally, garment shall have fluorescent and retroreflective trim per-
manently attached to the outer shell to meet visibility requirements.

Concerning sizing systems, the NFPA 1971 standard provides a table with size
ranges for both men and women as well as the sizing increments for 4 dimensions:
chest, sleeve, waist, and trousers inseam [7].

2 Methods

Research papers addressing fit and sizing of firefighters PPC were selected for the
present review. An initial search was made in the Scopus subscribed database. The
search criteria included the following keywords and operators: (‘clothing’ OR ‘gear’
OR ‘ensemble’ OR ‘suit’) AND (‘firefighter’ OR ‘firefighting’) AND (‘fit’ OR ‘fitting’)
AND (‘size’ OR ‘sizing’), appearing in the article title, abstract, or keywords. Sec-
ondly, references cited within all relevant retrieved papers were examined for finding
additional papers. Additional searches in open-access databases were randomly per-
formed aiming to find further relevant references.

3 Results and Discussion

Current literature in firefighting PPC has been addressing fit and sizing of firefighting
PPC from different perspectives. A fair amount of research studied the impacts of
wearing heavy and bulky turnout gear in firefighters’ mobility and movement restric-
tion [2, 3, 8, 9]. Likewise, the relevance of PPC fit and sizing in protection is being
demonstrated, which is causally related to the volume of air gaps in between the
clothing and the wearer [10, 11].

Several studies addressed gender differences, pointing out that female firefighters
commonly wear PPC designed for men. Regarding this aspect, authors highlight that
such clothing is incorrectly sized and ill-fitting for the female body sizes and proportions

3 Such as the U.S. National Fire Protection Association (NFPA), European Standards Committees
(EN), and the International Organization for Standardization (ISO).
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[12–14]. Furthermore, fit and sizing of PPC still appear as common complaints among
firefighters, impacting their comfort and performance [3–6, 8, 13–16].

3.1 Structural Firefighter Personal Protective Clothing Fit Issues

Firefighter gear must fit properly to perform at its highest level [1]. The fit of PPC is
directly related to the freedom of movement and comfort of firefighters and it is
especially critical when performing movements. In this regard, results of the Park &
Hahn [15] study show that the level of satisfaction of the participants with the fit of
PPC was lower evaluated in active body movements than in simple walking. More
recently, similar results were found by McQuerry [8].

Concerning fit issues in specific areas of the turnout coat, the chest region received
the lowest scores by participants of the Park & Hahn [15] study. Gender differences
were significant, evidencing this as one of the main areas of discomfort for female
firefighters [15]. As reported in Lee et al. [16], discomfort in chest area for female
firefighters is increased by the chest straps of the self-contained breathing apparatus.

A poor fit of the coat sleeves was also mentioned by many authors, including the
sleeve length, the armhole, and the sleeve fit. Issues were mainly reported by female
participants of the Park & Hahn [15] study, and included length of sleeves (too long),
cuff width (too wide) and upper arm area where extra fabric and lining can cause folds.
Male participants requested the opposite: longer sleeves and looser arm area [15].
Participants of the Lee et al. [16] study commented on the need for larger armholes in
order to enhance the range of motion in shoulder area. The coat length was reported as
being either too long [15] or too short [15, 16]. Participants of the Boorady et al. [4]
study expressed a preference for coats with a tail in the back.

Concerning specific areas of the turnout trousers, the crotch, thigh, and knee areas
were the most critical in terms of fit. The crotch was the lowest rated among all areas of
the turnout trousers evaluated in the Park and Hahn [15] study. Low crotch trousers
were mentioned in the Boorady et al. [4] and McQuerry [8] studies. Huang et al. [6]
comment the thigh area was the most restricted part while wearing PPC, followed by
the knee area. Park & Langseth-Schmidt [13] highlighted that although the female
participants wore largely looser-fitting turnout trousers than the male participants,
women experienced a tighter fit at the hips and crotch.

Furthermore, studies focused on the impacts of fit on thermal protection of fire-
fighting PPC. In this regard, Nawaz and Troynikov [11] demonstrated how the female
body shape affects the air gap volume in firefighting protective coats, particularly under
the chest/bust, around the stomach, and in the back and hips.

3.2 Structural Firefighter Personal Protective Clothing Sizing Issues

Sizing issues were also mentioned in a fair amount of research. Authors have high-
lighted the fact that some occupational groups may have different body measurements
from the general population. Results of the Hsiao [17], Boorady [1], and Laing et al.
[18] studies found that firefighters exemplify this assumption. A proper understanding
of the anthropometrics of the firefighter population is needed in order to create a sizing
scheme for this target market [1].
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Moreover, authors warned that sizing systems applied to female equipment may not
be appropriate. McQuerry et al. [12] mention that sizing requirements for female
turnout suits are a simple downscaling of male suit designs, proportions, and sizes. The
authors [12] explain how this rationale can be observed in the NFPA 1971 standard.

Additionally, some manufacturers may not offer a full range of sizes [1].
Nonetheless, authors also pointed out that there is no real consistency between the same
clothing items from different manufacturers [19], which is also highlighted in the
NFPA 1971 standard [7]. The fact that some manufacturers of the U.S. market offer a
wide choice of sizes by chest and waist circumferences but are limited in their offering
of sleeve and trousers inseam lengths without custom ordering was also mentioned [1].
This may be related to the fit issues reported in other studies.

3.3 Recommendations and Suggestions

Recommendations and suggestions to overcome some of the aforementioned issues can
help to improve the design as well as the purchasing process of firefighting PPC.

The development of custom-fitted turnout gear is suggested as an effective way to
address fit issues [5, 15]. However, the commercial feasibility of specific tailored
firefighting PPC is still a challenge for manufacturers.

Alternatively, the development of improved sizing systems considering the fire-
fighters’ anthropometrics was recommended [1]. Regarding this aspect, the relevance
of updating body dimensions in dynamic postures was emphasized [1, 5].

In addition, size adjustment systems for minor adjustments, particularly for girth
measurements, were advised by Boorady et al. [4]. Park et al. [9] suggested similar
solutions for reducing bulkiness of trousers legs in the ankle area. Many authors [8, 11–
14] have adverted to the importance of addressing fit and size of PPC considering
female anthropometric differences.

Nonetheless, purchasing recommendations were also provided. Boorady [1] pro-
poses that procurement agents should be familiar with the sizes of their crew. Since
manufacturer’s patterns may vary, it is suggested that measurement for sizing should be
done by a trained professional to ensure a proper fit [7].

4 Final Considerations

Protective clothing is necessary to protect firefighters against the numerous occupa-
tional hazards encountered in their daily duties. However, firefighters’ protection is a
challenging task as complex interactions among the wearer, the protective equipment,
and the environment can be observed. All these interactions must be understood to
reach the goals of Ergonomics, i.e. optimize human well-being and the overall system
performance. This literature review demonstrates how fit and sizing can be challenging
when selecting equipment for fire brigades. These issues ought to be addressed by
researchers and manufacturers when designing firefighting personal protective clothing.
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Abstract. The article deals with the general social and economic features of the
formation of the state of Ukraine comparing with similar indicators character-
izing the Republic of Poland. The indicators of the dynamics of a gross domestic
product; generalized indicators of economic efficiency; and the geographical
structure of indicators of foreign trade relations of Ukraine and Poland have been
analyzed. Studying the issues of intensification of Ukrainian-Polish cooperation,
as well as the study of different socio-economic indicators of these countries in
all dimensions, is one of the most pressing scientific problems from establishing
effective mechanisms for bringing Ukraine closer to the European Union, as
well as forming the appropriate basis and tools for mutual relations.

Keywords: Socio-economic development � Gross domestic product �
Economic efficiency � Foreign trade � Comparative analysis

1 Introduction

The problems of the Ukrainian-Polish political and economic cooperation are studied in
various aspects by many domestic and foreign scholars. In particular, features and
perspectives of economic and social development were analyzed in [1–3]. At the same
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time, insufficient attention was paid to the study of social and economic indicators of
Ukraine through the prism of the achievements of the Republic of Poland, which led to
our decision to research the chosen topic.

The purpose of the study is to carry out an analytical review of the current state and
prospects of further socio-economic development of Ukraine in comparison with the
Republic of Poland to determine strategic priorities for Ukraine.

Studying the issues of intensification of Ukrainian-Polish cooperation, as well as
the study of different socio-economic indicators of these countries in all dimensions, is
a very important scientific topic. Research in this field enables establishing effective
mechanisms for bringing Ukraine closer to the European Union, as well as forming the
appropriate basis and tools for mutual relations with neighboring countries that are
members of the European Union.

The Republic of Poland is the most consistent and effective partner of Ukraine in its
European integration aspirations among EU countries, which share borders with
Ukraine, historical and cultural traditions, as well as related geo-economic interests.
From ensuring the evolutionary development of economic relations between Ukraine
and neighboring Poland, the most revealing is the identification of the main problems
and socio-economic features of their cooperation, which has been formed over a long
period. Poland is one of Ukraine’s main strategic partners in supporting efforts to move
closer to the EU and its possible future membership status [4–8].

2 Materials and Methods

Compose comprehensive and systematic approaches to understanding the identities of
two countries were applied. The basic principles of economic theory, national and
regional economics, psychology, sociology, geography are the base of research.
A special place belongs to the complex scientific and special methods, the application
of which allowed to analyze thoroughly and in-depth these issues. Also, we used the
following methods: scientific abstraction, historical method, comparative analysis,
theoretical and logical; dialectical, induction and deduction, empirical-historical, sta-
tistical method, methods of analysis, and economic modeling.

3 Results and Discussion

Ukraine has been undertaking radical reforms in many leading industries, including the
banking system, the financial sector, the legal field, and so on. At the same time, the
process is rather slow. On the other hand, the Republic of Poland has made its difficult
journey from a state a former satellite of the Union of Soviet Socialist Republics to
Modern Poland - a progressive state that has been a member of the European Union for
thirty years. As a result, the Republic of Poland is far ahead of Ukraine in terms of
development [9].

The reform processes that took place in the Republic of Poland were quite painfully
reflected on the social level among the population. But the Republic of Poland has
diversified its economic processes to reorient them from markets in the post-Soviet
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countries to Europe [10, 11]. These were the same processes that Independent Ukraine
has been experiencing for the last years [12–14].

After the so-called transition period, which took place in the market processes of
the Republic of Poland, the main economic indicators tended to increase. They slowed
down in one period, grew up in another. Since the emergence of the present-day
Poland, the value of its gross domestic indicator has been characterized only by growth
(average value) (Fig. 1), even at a time of a major financial crisis in 2008.

It is also important to note that the population of the Republic of Poland is 3.5
million lower than in Ukraine and its GDP is more than four times higher (Table 1).

In general, the present-day Republic of Poland began its development at about the
same time as Independent Ukraine and with almost identical situational economic
positions. As of today, it outperforms our Ukraine by more than three times in terms of
gross domestic product per person (Fig. 2).

In general, even though the number of socio-economic indicators of Ukraine has
been increasing since 2015 to the present, to catch up with the values of the social and
economic development of our Western partner, the Republic of Poland, Ukraine will
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Fig. 1. Dynamics of Gross Domestic Product of Ukraine and the Republic of Poland for the
Period 1991–2018, (in%, to the previous year), (2014–2018 without taking into account the
temporarily occupied territories in Donetsk, Luhansk, and Crimea). Source: [15–17].

Table 1. Economic performance indicators of Ukraine and Poland, as of 01.01.2019

Indicator Value
Ukraine Poland

Gross domestic product, billion USD 130,8 549,5
Population, thousand people 42153,2 38637,9

Source: [15–17]
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need at least half a century. Based on the value that we managed to get as a result of our
calculations we have the following systematic indicators.

Provided that the GDP growth rate of Ukraine is at the level of 2.5% in 2017,
Ukraine will need 48-50 years. However, if the value of growth is at the level - 3.5%
(the indicator of Ukraine in 2018), it will take 35–37 years to achieve the “Polish”
value. In turn, provided that Ukraine’s GDP growth rate is reached at the level of 5%, it
will take 25 years; provided 10% - 12–14 years. In other words, to catch up with the
huge detachment of the Republic of Poland’s indicators from the realities that are
present in Ukraine today, there is a need to increase the socio-economic values of the
latter by - 240% [15, 16].

As we have already noted, the standard of living of the citizens of the Republic of
Poland is almost three times higher than the similar value in Ukraine and is less than 12
thousand US dollars per capita. It should be noted that the level of this indicator is low
compared to other countries of the European Union. For example, Portugal - Thou-
sand US dollars United States, Germany - $ 36 thousand United States, Norway - $ 69
thousand US per capita [18].

When it comes to indicators of international cooperation, trade partnerships in
different fields and industries also have a significant difference. While the foreign trade
policy of Ukraine reflected the concept of multi-vector, Poland chose the EU and the
implementation of energy-saving measures. As a consequence, the path of the Republic
of Poland to the integration with the European Union has been overcome in about a
decade. The aggregate indicators of foreign trade relations are shown in Table 2.

The potential competitive advantages, which in the “right direction” of the gov-
ernment can also be attributed: the ability to provide a lower level of tax rates for the
capital raised; a simpler mechanism for regulating investment and business processes;
low level of bureaucracy; the faster process of implementation of state procedures.
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January 1, 2018). Source: [15–18].
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4 Conclusions

In Ukraine it is common to compare our country with the Republic of Poland. Of
course, today such a comparison will not benefit Ukraine. The fact that the reform
processes taking place in the country today have not yet been completed and ten years
and the initiative of the people implementing the reforms is not as powerful as that of
the Euro-activists in our western neighbor. At the same time, reforms in Ukraine are
often sabotaged by pro-Russian politicians who are constantly working against the
“Europeanization” of Ukraine.

We can draw the following conclusions from the experience of the Republic of
Poland. Although in the early 1990s, the starting points of the economic conditions of
the two states were identical, there was a significant difference in the heads and
awareness of the population itself. After all, the length of roads or a number of factories
do not matter, unless the population of the state has a full understanding of what
changes and measures for their implementation will lead the state to social and eco-
nomic success.

Table 2. Geographic structure of Ukraine’s and Poland’s external trade relations indicators as of
January 1, 2019 (Top five ranking items)

Ukraine, %

Export

Goods EU (Mostly Poland) 37 Services EU (Mostly Poland) 30
Russia 10 Russia 31
Egypt 6 United States of America 7
Turkey 6 Turkmenistan 4
India 5 Cyprus 2
Others 36 Others 25

Import of goods and services
China 15
Russia 13
Belarus 6
United States of America 5
Turkey 3
Others 58

Republic of Poland,%

Export, import of goods and services

Export Germany 27 Imports Germany 23
Great Britain 6 China 12
Czech Republic 6 Russia 7
France 6 Italy 5
Italy 5 France 4
Others 50 Others 49

Source: [15–21]
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It should also be remembered that since 1991 and later, the population of the
Republic of Poland has been difficult enough and may not have had any idea of Russian
memes about victory and betrayal, but the government’s policy was understood to be a
total betrayal. The citizens of Poland were well aware of the need for rather unpleasant
and painful reforms and were able to bring about responsible reformers. And, as a
consequence, after a long time of implementation of the changes, the Republic of
Poland from a loyal state to the Soviet Union turned into a state with a sufficient
standard of living, high economic and social indicators, which is a good example for
Ukraine.
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Abstract. While the human psyche is not a machine, during said Pandemic,
undeniable considerations for human nature is pertinent to all studies. Tesla [1],
emphasizes human as “mass moved by a force”. Perceiving Mass as thought
then moves force to either deplete or break through friction. James [2] identifies
habits as “fundamental properties of matter”; plasticity “structure weak enough
to yield an influence, but strong enough not to yield all at once”. “All at once” is
this pandemic influence. Bringing Maslow’s Motivational Hierarchy [3] from
optimizing potential to basic sustenance and safety needs. The very foundation
that enhances self-actualization progression while climbing Social Belonging-
ness and Self-Esteem hierarchy. Creative redesign may optimize a paradigm
shift from Pandemic influence via efficient-solution-optimizing Breakthrough,
efficient-non-optimizing Heuristic, non-efficient- optimizing Algorithm and non-
efficient-optimizing Brainstorming. If removing friction accelerates momentum,
habitual routines maintain constancy for new accelerated mass and humans
grow mentally stronger. Deepening common-sense-reasoning, psychosocial-
etiquette, and conscientious-awareness is discussed.

Keywords: Optimize � Resilience � Human � Psychology � Pandemic

1 Introduction

The following presents ideas prepared to receive commentary and inspire discussion
about optimizing the human psyche during these current times. According to the World
Health Organization, Pandemic is defined as “The world-wide spread of a new disease”
[4]. “New” suggests uncertainty for which scientific examination is anticipated as a
method to deepen understanding. “Disease”, although not a factor in and of itself to
optimize the human psyche, for now, is excused from elaboration and can be identified
on a continuum of impaired functioning.

Maslow’s Motivational Hierarchy [3] is a well known psychological reference in
the pre-pandemic era since the ideology was introduced by Abraham Maslow in 1943.
Maslow emphasizes setting goals that aggregate proficiency. The Hierarchy comprises
basic fundamental needs of Biology [3], such as Carbon Dioxide-Oxygen exchanges
[5], food and water; needs of Safety, such as availability of personal and professional
resources; as well as midpoint needs of Social Belongingness, such as meaningful
relationships [3] akin to in-group inclusion [6] and social comparison [7]; Self-Esteem,
such as prestigious accomplishments [3] as well as supporting the utility of personal
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Strengths [8] and counterfactual thinking [9]. At the pinnacle, is optimization of Self
Actualization, such as the realization of full potentiality [3].

Pre-pandemic psychologist William James [2] identifies substantial influences as
needing to first yield impressions in sensory and blood pathways. The deepening of
existing pathways, referred to as habits, determine innate instincts instilled since birth.
James conjectures that attempts made to define habits seem to naturally generate
interest in the “fundamental properties of matter”. James further submits that Nature’s
Law encompasses “immutable habits” of disparate elementary matter which proceeds
in their interactions, i.e., “actions and reactions upon each other” [pp. 104, 2]. How-
ever, while elementary particles of matter are not designed to change, compound mass
of matter can change. According to James, this is due to the variability of compound
structure that modifies instinctual habits by external forces and internal tension. James
is essentially referring to the ability to maintain integrity of a body while plasticity
reconfigures new internal or external shape of the compound structure; a changed habit
of cohesion of sorts, similar to a lock functioning better after usage for a period of time.
If the Habit be arbitrary as instructed by Wittgenstein’s illustration of an arbitrary
polygon [10], then the essential properties may be undeniably unique and set estranged
from familiar or possibly pre-pandemic states of habits. Well established pre-pandemic
habits are likely challenged by the current pandemic’s macrocosmic forces; yielding
reflexive mental and physical discharges until forming new habits suitable to survive a
better quality of life in the post-pandemic era.

To reinstate appropriated resolution of the human psyche with regards to the
pandemic, a model of problem solving and decision making is submitted for consid-
eration. There are four categories to examine: 1) Brainstorming, 2) Algorithms, 3)
Heuristics and 4) Breakthroughs. As professed by Einstein, “imagination” is designated
as having greater importance than “knowledge” [11]. Brainstorming, has its roots in
creative imagination as a useful application to build group participation without criti-
cism or judgement [12]. Algorithms optimize ideas and quantity of optional perspec-
tives to resolve problems [13]. Heuristics foster perfunctory decision selection based on
minimal cerebral effort and information [14–16]. If Breakthroughs [16] inspire sig-
nificant scientific discovery, conceptual synthesis of knowledge as well as substantial
motivation to advance ideas and produce forward action, then Breakthroughs could set
the precedence for an anticipated post-pandemic foundation of better quality human
habits. Also, Einstein’s belief in “intuitions and inspirations” [11] could be considered
important factors that may lead to achieving Breakthrough outcomes.

Predominant focus for living in this pandemic, is now the supply of sufficient
oxygen. Oxygen is not able to be reserved in the body yet this resource is ceaselessly
necessary to sustain life. Changes in the availability of oxygen can substantially effect
cell function whereby attempts are then made to reinstate balance [17]; perhaps, with
incentive, a type of reconfigured rebalance which enhances the benefit of physical and
mental properties for an improved quality of life in the post-pandemic era, may be
feasible.

Pre-pandemic understanding of human advancement once thought to be, for the
most part, building blocks of progress now remain in an undetermined state of friction
with apparent ambiguity about the anticipated post-pandemic period. Nevertheless, if a
new foundation of ample supports and accessible resources perpetuates mental and
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physical momentum while removing unwanted friction, this is certain to be advanta-
geous for the collective future of the human species.

2 Paper Presentation

The current pandemic influences psychological distress and interminable behaviors. In
an effort to explore the enigmatic nature of the human response to this pandemic, the
initial analysis examines awareness of sensations that drive the mind and body to take
action until discontinued by transformative interaction. The utility of formulae seems a
suitable constant to parallel psychological understanding of variant human resilience
and is, in part, yet not solely relied upon in the focus of this presentation [18, 19].

Initial inspection ponders mass, force and matter in relation to humans. To begin,
Tesla’s [1] view emphasizes the human factor to be “mass moved by a force”.

Consider first, the Force of the 2020 pandemic initially activating movement of
mass. If this be a matter of human thought, initiating cognitive momentum activated by
pandemic Force creates a chain reaction in which thought is a catalyst to accelerate
physical movement.

m � a ¼ F: ð1Þ

Where m, is human mass, a, is the acceleration of the mass and F, is the Force it takes
to move the mass; then to mobilize the sum of human mass in a world-wide Pandemic
requires a proportional amount of Force.

Pre-pandemic habits are expected to fractionalize as unprecedented successive
Pandemic Forces inspire the drive to develop resilient habits that proficiently recali-
brate challenges, indefinitely.

m0 � a0 ¼ F0: ð2Þ

Whereby reconfigured mass, m0, times acceleration, a0, equals Force, F0. Subsequent
chain reaction is anticipated after initiating momentum. New patterns of resilience are
foreseen to counter compounding Force and counteract unwanted friction.

1
2
mv2 ¼ KE: ð3Þ

Half the human’s mass is, m, times the mass’s velocity squared which is equal to
Kinetic Energy; KE. If Potential Energy from the pre-pandemic period converts to
Kinetic Energy during the Pandemic period, then velocity of Kinetic Energy increases
at the time of the Pandemic period.

What will change in the post-pandemic era? If thoughts are a catalyst to action, then
what is the Pandemic’s effect on the thinking process? Do viewpoints such as
macrocosmic and microcosmic, conscious and unconscious, upward and downward
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counterfactual thinking, and upgrade and downgrade social comparison, subsume
Kinetic movement and directionality or are they Kinetic precursors with Potential
Energy?

m � g � h ¼ P: ð4Þ

Whereby mass, m, times the acceleration of gravity, g, times height equals Potential
Energy, P. If Potential Energy is a matter of thinking, then presume pre-pandemic level
of Potential Energy determines directionality of Potential and Kinetic Energy during
pandemic and post-pandemic periods.

Will a post-pandemic era result in amass Force sufficient enough to sustain
exponential Acceleration of human faculties such as those of mind and body? To what
extent will the collective human species function as a singularity?

Is pre-pandemic Psychology sufficient to sustain an advancement in understanding
the human psyche during this pandemic? Has psychology reconfigured methods to
detect the impact of psychological modifiers on the newly emerging psyche? What
psychological modifiers support the newly emerging psyche? Consider the following:
As the build up of friction from the Force of the pandemic increases, the practice of pre-
pandemic habits decrease and inevitably sets into motion a new state of psychological
resilience.

The pandemic of today imposes friction on the human psyche’s pre-pandemic
habits. Pre-pandemic Psychologist William James [2] identifies habit as an aspect of the
“fundamental properties of matter”. Paradoxically, although the fundamental properties
of pre-pandemic matter seem to be losing resilience, emerging from the pandemic is
gaining a new psychological resilience; a plasticity, according to James [2, pp. 105]
with “structure weak enough to yield an influence but strong enough not to yield all at
once”. The pandemic “yields an influence all at once,” and challenges the resilience of
pre-pandemic habits. As the pandemic incites a new human psyche, psychology’s pre-
pandemic paradigm is Forced to align with the current human psyche. How do human’s
relieve themselves from pre-pandemic habits and align with the newly maturing present
day human psyche when uncertainty is at the forefront of decision making? How can
the Force of the pandemic inspire new states of psychological resilience? What are the
value-loaded pre-pandemic psychological concepts that replenish human needs during
the pandemic period? What psychological tools will integrate a higher quality of human
capability?

A pre-pandemic psychological perspective that seems to retain value in this pan-
demic state thus far, is Maslow’s Motivational Hierarchy [3]. Self-actualization is the
highest attainable need in Maslow’s Hierarchy. The lesser tiers constitute basic fun-
damental needs of food, water and safety. On the Self-Actualization climb to realize
one’s optimal level of functioning, is the need for Social Belongingness and Self-
Esteem. The immediate response to the pandemic activates a drive to acquire a satiated
level of non-perishable items, like toilet paper, and sanctum of protective barriers, like
hand sanitizer and the N95 mask; habits [20] that probably reveal themselves at a
functionality consistent with Maslow’s survival needs on the hierarchy.

As the pandemic brings to light coinciding needs with survival decisions, a method
for efficient decision making and guaranteed solution outcomes may offer support
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during unknown human responses to the pandemic. Such as, a solution optimizing
Breakthrough, efficient and non-optimizing Heuristic, non-efficient and optimizing
Algorithm and all inspiring yet neither efficient nor optimizing Brainstorming (Refer to
Fig. 1).

Little effort is put forth in Heuristics as the approach relies on readily available
information [14]. As indicated, 1) Heuristics identify efficient means of finding an
answer by implementing a decision-making and problem-solving strategy without
guarantee of correct outcomes. On the other hand, 2) Algorithms are designed to
generate alternative solutions to problems [13] by a less efficient problem-solving
strategy but guarantee solution outcomes to problems. Additionally, 3) Brainstorming
is an uninhibited and spontaneous creative process to generate ideas [12]; usually by a
group without immediate critical judgement about concepts with potential value.
Intuitive instinct may be a risky approach to decision making [15], but the combination
could lead to a breakthrough discovery. A 4) Breakthrough is efficient and guarantee
solution outcomes. Breakthroughs suggest a significant leap forward [16]. Their out-
come has the potential to integrate knowledge, develop concepts and propel major
scientific discoveries.

Brainstorm Heuristics

BreakthroughAlgorithms
Guaranteed

  Solution

Not
Guaranteed

      Solution

Efficient
Non-

Efficient

Fig. 1. Problem-Solving Decision Making Model: 1) Heuristics: Efficient, No Guarantee, 2)
Algorithm: Guarantee, Not Efficient, 3) Brainstorming: Not Efficient, No Guarantee, 4)
Brainstorming: Efficient, Guarantee.
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With regard to remarks on problem solving and decision making, Heuristics plus
Algorithms equal Breakthroughs.

HþAı ¼ B: ð5Þ

Where H, equals Heuristics, Aı, equals Algorithms and B, equals Breakthroughs.
It stands to reason that if Heuristics plus Algorithms equal Breakthroughs, then

Heuristics minus Algorithms is equal to Brainstorming.

H � Aı ¼ Bı: ð6Þ

Where H, equals Heuristics, Aı, equals Algorithms and Bı, equals Brainstorming.
Heuristics assumes a greater number than Algorithms during Brainstorming ses-

sions. Decision-making via Brainstorming is more likely to derive at a sense of finality
with unfiltered ideas rather than precise Algorithms. Even though many ideas may
transpire from a Brainstorming session, it is possible that zero ideas are chosen to solve
a pertinent problem. Brainstorming is more a matter of taking a break to refresh the
mind without pressure to solve issues within time constraints.

Heuristics imply fluid accelerated momentum that is externally overt; analogous to
Maslow’s survival needs of food, water, oxygen and safety. If this implication is
correct, then acceleration of external actions will likely suppress internal friction due to
the factor that Heuristics and Algorithms are presumed to be negatively correlated. The
overt necessity then becomes the focus of importance and the internal system’s pref-
erences, a secondary pursuit.

Algorithms imply fluid accelerated momentum that is internally covert, analogous
to Maslow’s upper level needs of goal setting, aggregated proficiency and Self-
Actualization. If this implication is correct, then acceleration of internal actions will
likely suppress external friction due to the factor that Algorithms and Heuristics are
presumed to be negatively correlated. The covert necessity then becomes the focus of
importance and the external system’s preferences, such as basic hygiene, a secondary
pursuit.

While proclaiming a Breakthrough is a compound of Heuristics and Algorithms,
activating the accelerated momentum of internally covert and externally overt Forces,
may be a means with which to integrate Maslow’s emphasis on goal setting, aggregated
proficiency and Self-Actualizing tendencies as well as survival needs of food, water,
oxygen and safety. If this implication is correct than acceleration of internal and
external actions will likely have no suppression on internal and external friction due to
combining Algorithms and Heuristics to constitute a Breakthrough. Subsequently,
overt and covert necessities as well as external and internal preferences become co-
occurring pursuits. Hence, resilience is anticipated in an aggregate position of internal
and external frictionless momentum. Furthermore, Brainstorming is an additive to
unique preferences and creative applications with possible relevant value-load that may
ensure a better quality Breakthrough outcome.

In conclusion, the top priorities in the current pandemic is health and safety.
Inversely, this comprises the lower tiers of Maslow’s motivational hierarchy. While
wearing a mask is an important part of Personal Protective Equipment (PPE),
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comparatively, it may deplete the efficacy of expelling Carbon Dioxide (CO2). Con-
siderations to replenish an organic surplus of Oxygen (O2) after wearing a mask,
especially for long periods of time, seem practical to include in PPE protocol.

Unobstructed movement indicates absent friction and could imply exponential
acceleration until stopped or slowed by forces or choices. Sufficient Force of the
pandemic, initiates instinctive decisions and intuitive senses to acquire survival and
functional supplies. Also, sustaining fluid momentum of thought and physicality during
the present pandemic, is likely to avail quality life goals. With the future in mind, if the
integrated psyche that maintains fluid momentum is not swayed by counterfactual
thought, this synthesized psyche may become the quintessential foundation in the post-
pandemic period.

To lessen pre-pandemic friction, the fluid momentum generated by the Force from
the pandemic can serve as a catalyst to align with the fluid momentum of the new
human psyche. To maintain continuous momentum in a post-pandemic period,
releasing pre-pandemic hindrances and social comparisons while aligning with pan-
demic functionality, may inspire ongoing Breakthroughs and optimize high quality
accelerated propulsion habits; both mentally and physically. If removing friction from
human mass accelerates momentum, then functional routines are suspected to maintain
a state of constancy for the accelerated newly reconfigured habits. If this is true, then
the human species grows mentally stronger with the acceleration of thinking more
conceptually and with the pragmatic practice of habitual routines.

Heuristics combined with Algorithms are considered equal to Breakthroughs. On
the other hand, Brainstorming is an additive to Heuristics, Algorithms and Break-
throughs. Additionally, Brainstorming may also be a creative approach that merges
instinctive and intuitive aspects of Maslow’s lower and upper tiers which may syn-
thesize to form choice actions of intuitive-instinct during these Pandemic times.

Furthermore, deepening higher cortical functioning and conceptual magnitude of
Common Sense Reasoning, Psychosocial Etiquette, and Conscientious Awareness may
be worth analyzing as an additive to strengthen the new internal representational
mentality of the human species as more Breakthroughs are anticipated to transpire. In
essence, relying on an internal cognitive reference may serve as a protective structural
barrier between related strengths and unrelated or non-preferred cognitions. For
instance, applying the VIA Survey of Character Strengths to improve awareness of
positive perspective may be a readily available means with which to strengthen a
positive mental frame of reference [21]. The VIA Strengths need only be identified by
noticing rather than stringently practicing them.

Lastly, applying Directionality, Velocity and Time to the exploration of improving
behavioral habits, may clarify mechanisms with which to further optimize the human
psyche in the current pandemic. Pertinent to this ideology is to spotlight if amassed
bodily and vehicular momentum in relation to the Earth’s rotation has impacted human
functions. How does this change, if any, impact life on Earth?

Eventually, it may be inevitable to shift from pre-pandemic to post-pandemic
behavioral habits. Hence, a Breakthrough model that leads to enduring resiliency, may
be a sensible roadmap to follow now and in the future. As the strong Forces of the

Optimizing the Human Psyche in a Pandemic 323



Pandemic persistently redirect humans, the human species as a whole is likely to be
challenged with growing genuinely stronger in their adaptive ability while awaiting the
arrival of the post-pandemic era.
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Abstract. Individualized manufacturing is becoming an important approach to
fulfill increasingly diverse consumer expectations. While there are various
solutions for the manufacturing process, such as additive manufacturing, the
subsequent automated assembly remains a challenging task. As an approach to
this problem, we aim to teach a collaborative robot to successfully perform pick
and place tasks by implementing reinforcement learning. For the assembly of an
individualized product in a constantly changing manufacturing environment, the
simulated geometric and dynamic parameters will be varied. Using reinforce-
ment learning algorithms capable of meta-learning, the tasks will first be trained
in simulation, and then performed in a real-world environment where new
factors are introduced that were not simulated in training to confirm the
robustness of the algorithms. A concept comprised of selected machine learning
algorithms, hardware components as well as further research questions to realize
the outlined production scenario are the results of the presented work.

Keywords: Machine learning � Reinforcement learning � Meta-learning �
Individualized manufacturing � Collaborative robotics

1 Introduction

For decades, robots have been used to automate tasks in the industry sector. Con-
ventional industrial robots are taught to perform one task at a time, are competent at
executing this single task and can perform thousands of repetitions accurately. While
the automation of such tasks has led to an increase in efficiency and a decrease in
manufacturing costs for mass production, it is less applicable for the individualized
consumer expectations of today’s economy. Globalization, digitalization and the
resulting growth of markets have led to an increasing number of product variants and
shorter product life cycles [1]. Customers now demand highly individualized products
that are designed specifically for them. This change is observable in a wide range of
industrial fields [2]. An example is the health-care sector, where personalized medicine
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is becoming increasingly important, and additive manufacturing is being used for the
production of biomaterials, implants and prosthetics [3].

To enable such individualized manufacturing, traditional programming of machines
with repetitive tasks is no longer applicable [2]. Robots with inherent collaborative
properties, however, are well suited for constantly changing tasks as they are mobile,
highly flexible and adaptable, and can quickly be taught new tasks, even by unskilled
workers. We therefore propose to use reinforcement learning (RL) algorithms capable
of meta-learning (ML) combined with visual and tactile sensor data to enable collab-
orative robots to accomplish highly individualized pick and place tasks.

2 State of the Art: Machine Learning and Robotics

Recently, RL has achieved great success in a wide range of different tasks and complex
games. The implementation of RL and ML seems promising to enable a robot to
perform a pick and place task for unknown objectives and destinations. In RL, an agent
interacts with the environment and receives its state. Based on this state, the agent takes
an action and receives a new state and reward for the chosen action. Each RL algorithm
is designed specifically for a certain task in terms of its architecture and training, and
the RL agent needs to be trained from scratch for each task.

ML is an approach to overcome this shortcoming by designing an algorithm in such a
way that the agent learns how to learn from a broad distribution of similar tasks. Similar
to human learning, an ML agent can apply knowledge it has gained from previously
solved corresponding tasks to learn a new task with only a small amount of data.

Recent ML algorithms suitable for RL can be divided into two categories
depending on their architecture and optimization goals:

1. Model-based ML approaches [4, 5] generalize to a wide range of learning scenarios,
seeking to recognize the task identity from a few data samples and adapting to the
tasks by adjusting a model’s state (e.g. long short-term memory [LSTM] internal
states)

2. Model-Agnostic Meta-Learning (MAML) [6] seeks an initialization of model
parameters so that a small number of gradient updates will lead to fast learning on a
new task, offering flexibility in the choice of models

Another relevant RL approach is introduced by OpenAI, who have trained a robotic
hand to solve a Rubik’s Cube despite external perturbations [7].

The main points of this approach are:

• An actor-critic consisting of an artificial neural network (ANN) equipped with
LSTM cells to install internal memory

• Automatic domain randomization (ADR) to generate diverse environments with
randomized physics and dynamics (e.g. weight and size of the manipulated object)

This results in a system with high robustness and high success rates in the transfer
from simulation to testing in the real-world environment. Due to the combination of
internal memory and ADR this approach also shows signs of emerging ML.
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In RL, it is necessary to provide the learning agent with an extrinsic reward signal.
This enables the agent to determine if the actions applied to the environment have a
positive effect in the long run. Extrinsic reward signals are called sparse if the reward
for a certain action is temporally disentangled from the reward, e.g. only a positive
reward is given after every successful task. To tackle this problem of sparse extrinsic
rewards, we can divide the approaches in literature into two classes. First, by changing
the reward function, e.g. using curiosity-driven exploration [8], which introduces an
intrinsic reward function. Second, hierarchical RL methods which try to divide the
main task into a sequence of sub-goals can be used. While the main goal is to suc-
cessfully perform the task, the agent first learns to find a policy for the sub-goals. One
popular candidate for this are FeUdal Networks [9] in which the agent is split into two
parts. The manager learns to formulate goals and the worker is intrinsically rewarded to
follow the goal. A similar approach is Hierarchical Actor-Critic [10] in which the agent
learns to set sub-goals to reach the main goal.

3 Concept for Manufacturing Scenario

Fig. 1. A customer places an order for an individualized product using the ordering system (A).
This system splits the order into individual components, which are manufactured using additive
manufacturing (B). Once the manufacturing process is completed, the collaborative robotic arm
Panda (Franka Emika, Germany), mounted on an automated guided vehicle (C), removes the
components from the 3D printers and transports them to the collaborative assembly cell (D). This
cell consists of the collaborative robot YuMi (ABB, Switzerland) and a human worker
collaboratively assembling the individual components into the final product. Once the assembly
process is completed, the mobile robotic arm transports the finished product and hands it over to
a social robot (E), which presents and hands over the product to the customer.
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The development of intelligent pick and place tasks for the assembly of products using
RL is an integral part of the manufacturing scenario we are setting up in the Cologne
Cobots Lab, shown in Fig. 1. It combines individualized production using additive
manufacturing, autonomous mobile systems that transport components, and collabo-
rative and social robotics.

As described in Sect. 2, we aim to perform object manipulation tasks using RL in a
real-world scenario, in which a specific and useful product is manufactured and
assembled. Our goal is to assemble individualized sensor cases for different health care
sensors (e.g. to measure body temperature, heart rate or blood oxygen saturation), as
shown in Fig. 2. These cases will be used in our research concerned with social robots
conducting health assessments [11]. The assembly of individualized products is
desirable, as different users with different health conditions require different kinds of
information. The long-term goal regarding these sensors is to create individualized
wearable devices with different kinds and numbers of health care sensors. These
parameters offer a promising approach to a hybrid job shop scheduling or action
planning system in which human and robot actions are combined in an optimized way.

4 Approach: Hardware and Machine Learning

In our manufacturing scenario, we will be using various hardware and software/
machine learning components, described in the following.

Fig. 2. The goal of the assembly task is to pick individual health care sensors, (e.g. sensors by
Maxim Integrated (USA): electrocardiogram (EKG, MAX30003), body temperature (T,
MAX30205), blood oxygen saturation (SpO2), MAX30102), place them into their cases, then
place the sensor cases in a health care sensor station for the monitoring of health conditions. As
the sensor combination changes with each user, reinforcement learning will be used to
successfully train an agent to perform each individual assembly task.
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The individual sensor cases will be manufactured using fused deposition modeling
(FDM)/fused filament fabrication (FFM). For the assembly, we will use the YuMi
collaborative robot (ABB, Switzerland), which has two arms with 7 degrees of freedom
(DoF) each, a payload of 0.5 kg and a pose repeatability of 0.02 mm. To receive
additional feedback during object manipulation tasks, its gripper will be outfitted with
tactile sensors. This will improve the efficiency and robustness of the grasping task.
The sensor provides feedback regarding the grip quality confidence and enables slip
detection of the grasped object, which can then be counteracted by improving the
applied force of the gripper on the object. For the object detection, we will use a 3D
scanner to create heightmaps of the objects. Several area scan cameras will be
implemented for vision-based information from various angles and to determine the
orientation of the objects.

In order to successfully teach the robot to perform the pick and place task, the
trained machine learning algorithm needs to recognize which produced element
belongs to the corresponding case. To accomplish this, the tools presented in Sect. 2
will be implemented and combined. By implementing ADR [7], the agent will be
trained to realize a robust system with a high success rate in the transfer from simu-
lation to the real world. Additionally, due to the implementation of ML and solutions
for sparse reward, the learning time of the agent will be decreased. The main con-
sideration for this approach is:

• How can we apply (a combination of) machine learning algorithms to generalize
pick and place assembly tasks (i.e. various weights, sizes, geometries, quantities)
for individualized products?

The Meta-Learners by Finn, Duan, and Mishra [4–6, 12] have been successfully
taught to perform simple RL tasks, such as locomotion tasks. In Meta-World [13], these
algorithms have been tested for a variety of advanced robotic tasks. However, the
results for the presented problems have a maximum rate of successfully solved tasks of
50%. This does not seem high enough to confidently and robustly perform the pre-
sented pick and place operations. We therefore aim to reach a higher success rate with
the following concept:

1. Generate and define the described collaborative tasks in the simulated environment
using Mujoco (Roboti LLC, USA)

2. Find a suitable configuration and combination of ML algorithms which will solve
the pick and place task

3. Implement and fine tune the trained algorithm in the real-world production scenario,
applying the concept of transfer-learning

5 Conclusion and Outlook

In this paper, we propose an approach to successfully perform intelligent pick and place
tasks for the assembly of individualized products using RL algorithms capable of ML.

The developed demonstrator will then be used to answer the following research
questions, which are both of technical and socio-technical nature:
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• Which algorithms have which impact on the robustness of the system? How can we
assure that the robustness reached in simulation can be transferred to the real-world
environment, e.g. using ADR?

• How can we implement a dynamic work space for the robot when working col-
laboratively with a human? How can a human be integrated into the collaborative
assembly process in a way that is both sensible and effective?

In the future, we plan on fully implementing the developed assembly process into
our manufacturing scenario described in Sect. 3. The manufacturing scenario includes
the transportation of individual parts using automated guided vehicles and presenting
the final product to the customer. A further goal is to study the collaborative assembly
process between humans and robots. This is the focus of another research project in our
lab, which aims to achieve adaptive human-robot collaboration through the imple-
mentation of sensors to detect the user’s status (e.g. focus, stress). The combined results
of these projects will contribute to an optimal collaborative working process.
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Abstract. In automated driving scenarios with semi-autonomous vehicles of
today and the near future, a request for taking-over control may at any time be
communicated to a human driver. Empirical studies exist of, e.g., the effects of
different modalities used in this human-machine interaction, and of drowsiness
of drivers involved, depending on manual or automated driving. However, there
is no model available yet of how the decision-making time in the course of
taking-over control from the automated vehicle depends on the driver’s
drowsiness. Hence, we present a probabilistic model of the decision-making
time as influenced by certain properties characterizing the driver’s drowsiness
according to previous work.

Keywords: Human Factors and Ergonomics (HFE) � Probabilistic models �
Automated Driving � Human-System Integration (HSI)

1 Introduction

Only vehicles of Level 5 according to the Automated Driving (AD) Roadmap
ERTRAC 17 [1] will not need human interference, and this will not be achievable
anytime soon. Human Factors and Ergonomics (HFE) studies suggest that there are
several problems involved especially with vehicles of Level 3, when humans are
supposed to take over control within a short time span in order to handle safety-critical
situations that the machine cannot [4, 11]. In an earlier probabilistic study [14], we
already showed how bad it can be for humans and their safety having to take over
control all of a sudden from a semi-autonomous vehicle in a situation that requires
emergency braking [3].

There are situations that are less dangerous but still require a human driver to take
over control, if and when the machine requests it in a situation like the following. When
driving on a freeway, the automated system may spot something it cannot handle, like a
construction site. If the human driver will not take over control within a certain short
time span, a serious accident may occur at Level 3, or the vehicle will have to safely
stop at Level 4. The former situation is clearly safety-critical, while the latter is still
unpleasant.

Generally, in any situation where a semi-autonomous vehicle requests the human
driver to take over control, the decision-making time of this human matters. We model
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it probabilistically and we are interested in how its probability distribution can be
determined based on certain properties related to drowsiness, like the driving time or
the age of the driver. Much as in our previous study of emergency braking [14], the
basic approach to modeling human-in-the-loop (HITL) is the one of [12]. This new
study is actually complementary to our previous one, since it determines the specifi-
cation of the very probability distribution modeling the human decision-making time
that is a major part of the probabilistic approach for determining the probability of an
accident.

The remainder of this paper is organized in the following manner. First, we sketch
some background material and discuss related work, in order to make this paper self-
contained. Then we present our new theoretical model, a deterministic approach first
and a probabilistic approach based on it. Finally, we draw a few conclusions and sketch
future work on our way towards probabilistic analysis of human-system integration
(HSI) in automated driving.

2 Background and Related Work

2.1 Empirical Studies on Human-Machine Interaction (HMI)

Empirical studies like [11] try to find out how unimodal or multimodal signals may
support control transitions in semi-autonomous vehicles, i.e., they focus on the
modalities of human-machine interaction. For our current paper, studies like [4] are
much more relevant, since they investigate inherent properties of the situation and of
the human driver.

In particular, the driving mode (manual/automated), driving time, and the driver’s
age (young/old) have been shown to have significant effects on drowsiness in [4]. The
participants got more drowsy in automated than in manual driving, with the younger
subjects achieving higher levels of drowsiness. Even though there was no clear cor-
relation shown between subjective drowsiness and reaction time in this work, we
assume that, in general, a dependency between such properties and decision-making
time exists, which we try to capture in our probabilistic model.

2.2 Modeling and Simulation of Vehicle-Driver Integration Issues in HFE

These findings in [4] are consistent with HFE theory. A comprehensive overview of the
foundations of such a system can be found in [7]. A system dynamic (i.e., control)
model, as commonly used in systems engineering might be applied to the problem,
with the addition of a dead-time element to a PID human controller, representing the
reaction time of the driver. However, the reaction time, is unknown, and will vary
significantly. Without going into too much detail, it is theoretically well established that
such a system that includes a dead-time element is intrinsically unstable, a finding that
we will see confirmed in experimental studies. It is sufficient here to conclude from
such a model that, while a vehicle-driver control system may become unstable if the D
element is poorly configured (e.g., the driver-controller overreacts), the system is much
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more likely to become unstable (i.e., the vehicle will crash) if the controller involves a
large enough dead-time element.

The model approach typically used in HFE for this problem is a cognitive per-
formance model [8], which considers human cognitive capacity allocation rather than
the dynamics of the system. The logic behind this model selection and approach is
based on Hollnagel and Woods [2], who argued that human-machine systems should be
designed and analyzed at a cognitive level. Rasmussen’s decision-making and
information-processing model is structured in three levels, a skill-based level, rule-
based level and knowledge-based level (for this reason, the model is also called SRK
model). From sensory input (i.e., the instruction of the AD system to take over, by
voice and/or visual and/or tactile), feature information may lead to an automated
sensory-motor reaction as the fastest possibility. However, such a pattern must be
‘imprinted’ into the skill base of an operator. In the case of taking-over control from an
AD system, this is highly unlikely, if not impossible. On the second and higher level of
rule-based behavior, the feature information must be recognized (i.e., it is processed as
a sign), associated with a task, connected with a learned rule, and will then lead to
allocation of sensory-motor patterns. A behavioral response at this rule-based level will
take significantly longer than a response at the skill-based level. We expect an AD
system-driver taking-over response to normally occur at this level.

In this paper, driver drowsiness comes into play, because both recognition of a
signal and association with a task can be assumed affected by drowsiness. At the
highest level of knowledge-based behavior, feature information from the AD system
would be processed as a symbol, which requires identification before a goal-driven
decision may kick-off a planning process, which will eventually allocate learned rules
and response patterns. Behavior at this cognitive level takes the most processing effort
and time, and if several exacerbating conditions coincide (e.g., no or poor training, little
experience, little awareness of the AD system, drowsiness, etc.), AD taking-over
control may effectively occur at this level, causing a very significant dead-time.

2.3 Our Own Previous Approach Towards Probabilistic Analysis

Probabilistic analytical modeling (PAM) for human-in-the loop (HIL) systems [12]
could effectively complement computational simulations (see, e.g., [6, 10]) or model
checking (see, e.g., [5, 9]). Based on PAM, we presented and analyzed an example,
where the automated system all of a sudden hands over to the driver in the face of an
obstacle [14]. In this study, the decision-making time has been modeled as a random
variable distributed in accordance with the Rayleigh law. Further random variables
modeled deceleration time and distances probabilistically as well. This allowed
deriving a formula for the probability that an accident occurs.
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3 Theoretical Model

We are specifically interested in a theoretical model of the relationship between
drowsiness of drivers and their decision-making times. Hence, we define a function that
maps the former to the latter. We define a deterministic function for this mapping first,
and then derive a probabilistic approach based on it.

3.1 Deterministic Approach

Drowsiness is a complex phenomenon that we cannot fully cover here. Still, we can
characterize it as inspired by [4], where the relationship between certain properties and
(subjectively measured) drowsiness was studied. While the driving mode was one of
the independent variables in this study, we are only interested here in automated
driving. Hence, we exclude the driving mode from our model.

Let us define a property space for characterizing drowsiness as a tuple (D, A), where

1. D is the real-valued time duration of automated driving.
2. A is the integer-valued age of the driver.

T is the decision-making time for given drowsiness as characterized through these
properties. This leads us to the following scheme of a mapping function:

For given d 2 D and a 2 A, the function f: D � A ! T maps (d, a) to the decision-
making time t.

3.2 Probabilistic Approach

It would be unrealistic to assume that this mapping is deterministic. Hence, we propose
a probabilistic approach for defining a function that maps drowsiness of the driver to
the decision-making time.

Much as in [14], we assume that the decision-making time T is a random variable
distributed in accordance with the Rayleigh law. The decision-making time t is non-
negative, and it is usually not very long. In such a situation, small time values are more
likely than high time values, and, because of that, their probability density distribution
functions should be heavily skewed in the direction of short time values.

The Rayleigh distribution f t; rð Þ ¼ t
r2 exp � t2

2r2

� �
possesses all these important

properties, where r[ 0 is the scale parameter of the distribution. For an illustration,
see Fig. 1. The key idea behind our probabilistic approach taken in this paper is to map
from the property space for characterizing drowsiness to this scale parameter r of the
Rayleigh distribution:

For given d 2 D and a 2 A, the function fp: D � A ! <þ maps (d, a) to the scale
parameter r of the Rayleigh distribution of the random variable T, which specifies the
decision-making time.
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This function fp (d, a) will have to be fully specified yet, of course, but our model
already defines how drowsiness characterized by certain properties can be mapped to a
probability distribution. With regard to the human driver, only the age is included here
yet. Based on previous work [12], constituents of the human capacity factor
(HCF) may be included as additional properties, for example.

Once the scale parameter of the Rayleigh distribution is determined, the probability of
an accident can be calculated in situations where the automated vehicle requests taking-
over control for emergency braking [14]. It may also be used for other situations with
requests for taking-over control, once they will have been modeled probabilistically.

4 Conclusion and Future Work

In this paper, we propose a probabilistic model of a driver’s decision-making time after
a request for taking-over control from a semi-autonomous vehicle, depending on cer-
tain properties related to drowsiness. Inspired by [4], we included here as properties the
time duration of automated driving, and the age of the driver. Other properties may be
added, such as constituents of the human capacity factor (HCF), see, e.g., [12]. More
precisely, we proposed defining a function that maps such properties to the scale
parameter r of the Rayleigh distribution of the random variable T, which specifies the
decision-making time. Based on the resulting specification of this probability distri-
bution, the probability of an accident can be calculated in situations where a proba-
bilistic model like the one in [14] is available.

Future work will have to fully specify this mapping function. For real-world use, an
approach for that feasible today could be machine learning while actually driving and
collecting masses of data for that purpose.

Fig. 1. Rayleigh probability density function.
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Abstract. It is generally accepted that one need to select the correct tool for a
given task. The same holds for eating utensils. A cake eating experiment was
designed to determine if the visual appearance of cakes with different associated
hardness would affect the choice of eating utensil. A total of 25 participants was
recruited. The results did not reveal any effect of cake type, or presentation
layout on the choice of eating utensil. It therefore seems that other factors, such
as, for instance, customs and/or habits, are more influential in the choice of cake
eating tool choice.

Keywords: Eating utensil � Design � Fork spoon � Preference � Hand
dominance

1 Introduction

The preferences and mechanisms controlling the selection of tools in various situations
has been extensively studied, including at industrial level [1] and tool level [2].
Generally, tools are linked to certain problems, training, habits, customs and culture. In
order to decide about the most appropriate tool for a task an individual must first
identify the nature of the problem. Then, an individual is likely to choose a tool that he
or she is trained to use, or according the individuals’ habits.

Culture also plays a part. In Chinese Heritage Cultures chopsticks are mainly used
for most eating, with the occasional accompanying by a spoon, while in Western
cultures knives, forks and spoons are used to achieve the same goals. Some individuals
are trained in eating utensil etiquette from childhood, such as holding the knife and the
fork in the “correct” way and in the “correct” hands. Others, on the other hand, just use
whatever seems more practical and natural with less regard for etiquette.

Figure 1 illustrates one classic table setting which may be used on formal occasions
so that a meal can be consumed according to a set protocol and custom. In this
convention, utensils are used from the outside and inwards for the starter and main
course, while the utensils on the top are used for the desserts, being it pudding or cake.
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Notice that the dessert utensils often comprises both a cake fork and a dessert spoon.
There seems to be no generally agreed convention for what is the “correct” way to eat
cake. A search on this topic on discussion forums reveals that most people prefer forks
for eating cake as they do not have to “chase the last piece around the plate with the
spoon”, and the cake fork often have a knife-like edge that can be used for cutting.
Other argue that the spoon is useful for sorbets, puddings and other soft desserts, and
sometimes hard cakes are served on the same dessert platter as a sorbet, pudding or
mousse. Others claim that desserts should be formally eaten with a spoon, with a fork
as an optional extra utensil.

This study set out to study whether the hardness associations triggered by the visual
appearance of a food affected the participants’ choice of eating utensils. Cake was
chosen as the food category as most people like cake and it would simplify recruiting
participants. Cake and desserts are usually eaten with a spoon or a fork, and these two
categories of utensils were therefore used in the experiment. It was predicted that with
soft cake the participants would choose a spoon as the spoon will be more efficient in
preserving the shape of the cake, while it was predicted that a fork would be preferred
when eating a hard cake as more force is needed to break the firm cake into pieces.

The rest of this paper is organized as follows. Section 2 present related work,
Sect. 3 outlines the methodology, while the results are presented in Sect. 4 and dis-
cussed in Sect. 5. Conclusions are presented in Sect. 6.

2 Related Works

The literature on eating utensils have focused on the design of utensils in general [3], to
facilitate children [4] and individuals with reduced motor function such as Parkinson’s
disease [5–7] and arthrogryposis multiplex congenital [8].

Eating with utensils have also been used to study hand preference among children
[9]. Eating utensils have also been studied from a more technological perspective, such

Fig. 1. A classic table setting with spoon and fork for desserts.
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as eating utensils with sensors that can detect eating problems among children [10, 11].
Moreover, interactive eating utensils have been used as a platform for developing fine
motor skills [12] and to slow down eating speeds [13].

3 Method

3.1 Experimental Design

A within groups controlled experimental design was chosen with one independent
variable, namely visual food hardness with two levels, hard or firm (brownie) and soft
(cream cake). The dependent variable was utensil preference. This variable was a
dichotomous variable with values fork and spoon. Utensil placement (left-right) was
also used as a random variable.

3.2 Participants

A total of 25 participants was recruited for the experiment among the students in the
first authors’ University, of which 12 were female and 13 were male. Of these, 6
participants were left-hand dominant, while 19 participants were right-hand dominant.

3.3 Materials

Two sets of cakes were baked, namely hard backed brownies and three-layer cream
cake. Both cakes were assumed to be familiar to participants both in taste and con-
sistency. Brownies are usually hard and sticky while cream cakes are usually soft, and
it was assumed that the participants would expect the hardness of the cake type
according to its visual appearance before eating.

3.4 Procedure

The participants were tested individually in isolation. First, each participant was
brought into a room and placed in front of a desk with one cake type on a plate with a
metal spoon and knife on a napkin next to the cake. Next, each participant was
informed about the experiment and were asked about any potential allergies. Then they
were asked to choose one of the utensils and eat the cake. When finished, they were
asked to turn around while the other cake type and the utensils in opposite order were
placed in front of the participants. They were then asked to turn back and asked to
select one of the utensils and eat the cake. The order of the cakes was randomized, and
so was the initial left and right placements of the knife and the fork to minimize the risk
of bias. During each eating trial the participants’ choice of eating utensil was recorded.
Spearman correlations confirmed that there was no correlation between the presentation
side of utensil and the participants’ choice of utensil, hence no effect of the random
variable utensil position.
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3.5 Analysis

Statistical analyses were performed with JASP version 0.11.0.0 [14].

4 Results

Figure 2 shows the results of the experiment. According to our predictions 100% of
cake eaters will choose a fork to eat a hard cake while 100% will choose a spoon to eat
a soft cake. With our cohort of students (N = 25), a Binomial test revealed that the
proportion of students who prefer forks while eating hard cakes was significantly less
(64.0%, p < .001) and those using spoons significantly more (36.0y6%, p < .001) than
expected. Moreover, the proportion of students who prefer spoons while eating soft
cakes was significantly less (40.0%, p < .001) and those using forks was significantly
more (60.0%, p < .001) than expected. A hypothesis based on 50/50 distribution of
choices cannot be rejected. A contingency table analysis further confirms that there was
no significant difference in choice of utensil for the two cake types (v2(1) = 1.418,
p = .234).

There appear to be some differences between right dominant participants and left
dominant participants, although the number of left dominant participants is too small to
be the basis for any conclusions. Among right hand dominant participants, 72.2%
prefer the fork with the hard cake, while only 55.6% prefer fork with the soft cake. For
left hand dominant participants only 40% preferred fork with the hard cake and 60%
preferred fork with the soft cake. There is a moderate non-significant correlation
between handedness and the utility choice for hard cake (rs(25) = 0.359, p = .078).
A contingency table analysis further confirms that there is a significant difference in

Brownie (hard) Cream cake (soft) Brownie (hard) Cream cake (soft)

Fig. 2. Proportions of fork and spoon choices for hard and soft cake with 95% confidence
intervals.
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choice of utensil for the two cake types for right-hand dominant participants
(v2(1) = 3.997, p = .046).

5 Discussion

The results clearly show that the hypothesis had to be rejected as no significant effect of
cake type on utensil choice could be observed. Hence, participants do not distinctly
choose a fork with a hard cake and spoon with a soft cake. Overall, the results indicate
that the participants generally preferred the fork over the spoon.

One may speculate what triggers the participants’ choice of utensil. The results of
this study show that the type of food and the placement of the utensils had no sig-
nificant effect. It is possible that the choice is influenced by previous experiences and
habits. If a participant is used to eating cake with a fork, they may choose a fork
regardless of cake type, and vice versa if their habits is that of a spoon. Additionally,
another possible explanation refers to the fork as a more versatile utensil compared to
the spoon in the task of eating cake, as it offers the possibility of two actions to pick up
the food: to prick with the ends or to collect by the sides.

One drawback of the current experiment is the limited number of participants. It is
possible that the results may have looked different with a larger sample. Usually, it is
relatively challenging to recruit participant to voluntarily participate in controlled
experiments. This was not the case in this study. In fact, once rumor got around about
the experiment, several students contacted the authors with a request to participate. The
prospect of getting free cake to participate in a short and easy experiment served as an
effective incentive. The practicality of having enough material (cake) to scale up the
experiment is the main obstacle in this experiment.

The forks used in the experiment were slightly larger than the spoons. It may be
that this has caused some bias if participants preferred to use the largest utensil.

6 Conclusions

An experiment was conducted to assess if the type cake with distinct hardness char-
acteristics would affect the choice of eating utensil. The results did not show that the
type of cake affected the choice of eating utensil. About 60% of the participants
preferred to use a fork and the remaining participants chose to use a spoon. Further
studies exploring different types of food might bring information that could elucidate
this question.
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Abstract. This research developed a measurement instrument to assess user
satisfaction and impact of digital competence system in primary and secondary
schools. The testing platform was a prototype of a digital competence certifi-
cation system that has been developed and piloted during 2019 in primary and
secondary schools in six European countries involving more than 800 teachers
and 6.000 students. In the process of evaluation, 298 teachers’ responses were
analysed, and the measurement instrument was evaluated for validity and reli-
ability. Results revealed a strong positive relationship between user satisfaction
and impacts the DC system has on teachers and their work. Such a relationship
is expected to engage teachers to use the system as well as their students to
acquire new competences. Moreover, it is concluded that satisfaction contributes
to motivation, user experience and performance within the system.

Keywords: User satisfaction � Net impacts � Digital competence certification

1 Introduction

Today, a young person needs to acquire the set of digital skills most commonly
represented as a digital competence (DC) to be able to enter the labour market without
the risk of exclusion. The literature review has shown that the best solution for students
to acquire digital competence is to integrate it into the formal educational curriculum
[1, 2]. This is further supported by [3–6] who suggest that education and assessment of
DC should be started from the earliest age of students and promoted throughout the
curriculum. That way, schools could timely identify the lack of a specific DC and
intervene with a certain plan of development.

However, very few studies have been reported to deal with the assessment of DC at
any level of education, especially in primary and secondary education. A three-year
longitudinal study [7] concluded that digital skills do not develop equally over the years
of education, e.g. creating information skill has been developing most slowly. An
interesting fact is that numerous papers are investigating the competences of teachers [5,
8, 9] and their adoption of technology [10] in education since they are considered to be
the driving force behind the development of students’DC on all levels of education [11].

Therefore, it is necessary to study the ways in which teachers are using DC cer-
tification systems and to indicate the benefits of such systems for teachers. With this
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respect, the main aim of this paper is to assess teachers’ satisfaction with the
CRISS DC platform and to identify and assess the impact such a system has on
teachers’ work.

2 Research Aims

Since recent research findings (see for example [11] and [12]) suggest that teachers are
the main drivers for the incorporation of DC assessment and certification into curricula,
we focus our research on teachers’ perception and define the main research questions:

1. In what ways an online digital competence certification system in primary and
secondary schools impacts teachers’ work?

2. What is the relationship between teachers’ satisfaction with DC certification system
and its impact on the work of teachers?

In order to answer the proposed questions, the research aims are:

1. To develop and validate a survey instrument that assesses the teachers’ satisfaction
and impacts of DC certification system.

2. To examine the relationships between elements of teachers’ satisfaction and impacts
of DC certification system.

3 Research Context

Our research context was based on the online CRISS platform for DC acquisition,
evaluation and certification that was developed in order to pilot DC evaluation in
primary and secondary schools in Europe. It is based on the CRISS Digital Compe-
tence framework (hereinafter referred to as CRISS DC Framework) [13] that decom-
poses digital competence into five areas and twelve sub-competences. Each sub-
competence is composed of a set of performance criteria (PC) that translate the sub-
competences into more specific elements of what a student should be able to demon-
strate. Teachers are responsible to plan the learning, to provide feedback and to
evaluate activities and tasks that relate to an individual sub-competence. The activities
and tasks are retrieved by the CRISS repository and teachers can apply them with or
without further adaptations. The students should conduct the activities by performing
one or more tasks and generate pieces of evidence to prove the acquisition of a specific
sub-competence.

The assessment of digital (sub-)competence is performed through the CRISS
platform with two types of interventions: human and technological. Human interven-
tions are carried out by teachers and students using tools like Rubrics, Check Lists,
Scales, etc., that are automatically generated by the CRISS platform and customized by
teachers. The technological intervention is executed by the CRISS platform automat-
ically which is set to track the students while working in their assigned activities and to
collect relevant information i.e. the indicators of the evaluation of the pieces of evi-
dence. The CRISS platform has been piloted in six European countries (Spain, Sweden,
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Croatia, Greece, Romania and Italy) for several months with a targeted population of
students aged between 9 and 16 years.

4 Measurement Instrument Development

We used two constructs from the DeLone & McLean Model [14] revised in 2016 to
assess and identify the most relevant factors of teachers’ satisfaction and impacts of DC
certification system. The first construct, User satisfaction measures users’ level of sat-
isfaction with reports, platform, and support services. The second construct, Net impacts
measures the extent to which the CRISS platform contributes to the success of teachers.
The instrument development phase was conducted by following the recommendations
from [15–17]. We started with the operationalization of research constructs based on the
existing measures and modified it with a set of new target-specific measures. Content
validity was ensured, besides using an extensive literature review, by using focus groups
that involved experts in the field of pedagogy, e-learning, assessment, and teaching
methodology. The final measurement instrument (see Table 1) was translated into all
target languages and administered to the teachers using the LimeSurvey.

Table 1. Measurement instrument after content validity

ITEM
User satisfaction

US1 I feel comfortable using the CRISS platform
US2 I find the CRISS platform useful for additional assessment of my students
US3 I think it is worthwhile to use the CRISS platform
US4 I feel confident using the CRISS platform
US5 I am satisfied with the CRISS platform possibilities
Net impacts

NI1 The CRISS platform helps me to improve the engagement of my students
NI2 The CRISS platform enables me to provide clear evaluation criteria to my students
NI3 I am able to provide better feedback to my students through the CRISS platform
NI4 I am able to provide timely feedback to my students
NI5 The CRISS platform extends my capacity for assessment
NI6 The CRISS platform saves me time by supporting my teaching activities (planning process,
guiding students, assigning tasks, monitoring students’ activities, etc.)
NI7 The CRISS platform allows me to track the progress of my students much better than I
could do without CRISS platform
NI8 I am able to detect underperforming students more quickly than I would do it without
CRISS platform
NI9 The CRISS platform helps me to make more suitable decisions to enable students’ progress
NI10 The CRISS platform enables me to propose tasks that allow students to be creative in
solving them (ingenious, original)
NI11 The CRISS platform enables me to track my students’ reasoning when solving the tasks

Answers on 1–5 point Likert-type scale (1 – Strongly disagree; 2 – Disagree; 3 – Uncertain; 4 –

Agree; 5 – Strongly agree; NA – not applicable).
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5 Sample

The assessment of the platform has been done between May and September 2019, four
months after the CRISS platform has been released to selected primary and secondary
schools. A dataset with 298 useful responses was further processed into descriptive
statistics using R [18]. The demographic structure of respondents, whose answers were
taken into account, was the following: Greece (19%), Spain (31%), Italy (19%),
Romania (8%), Sweden (3%) and Croatia (19%). Sixty-eight per cent (68%) of the
online instrument’s respondents were women, 68% of them were aged between 30 and
49 years. The majority of teachers work in secondary schools (77%) with over 11 years
of teaching experience (64%).

6 Data Analysis and Results

The measurement instrument was assessed with the variance-based SEM using
SmartPLS to test the relationships between the indicators and constructs, and the paths
between constructs. The measurement instrument was also examined for the internal
consistency (reliability), convergent and discriminant validity. After dropping out items
that did not converge into their prospective constructs (factor loadings below 0.60) or
have cross-loaded highly on both constructs, reflective measurement models indicated
satisfactory reliability and validity.

The internal consistency of each sub-scale was tested using Cronbach’s alpha, which
was calculated as 0.90 for User satisfaction and 0.94 for Net impacts. In addition to the
previous measure, composite reliability was also calculated for User Satisfaction (0.93)
and Net Impacts (0.95). Both structures showed highly reliable. The convergent validity
is confirmed by measuring AVE for US (0.72) and NI (0.63). All indicators loaded over
0.60 into their posited construct (User Satisfaction or Net Impacts) [16]. Discriminant
validity showed to be present since HTMT value is significantly different from one [19].
Regarding the structural model, no problem related to collinearity was detected because
all VIF values were below the threshold of 5. The R2 value of endogenous construct NI
(0.70) is considered substantial. Satisfaction (b = 0.84, p = 0.00 < 0.01) was a signif-
icant predictor of the Net impacts. The result suggested that the overall value of the
system could be improved by focusing on users’ satisfaction.

The mean values for user satisfaction and net impacts were 3.17 (SD = 1.11) and
3.25 (SD = 1.05), respectively. As expected, the median value for both question cat-
egories was 4.00 which indicates mostly positive opinion towards the system. Teachers
expressed their concerns regarding the comfortability (US1) while using the system
(M = 2.88, SD = 1.12). Furthermore, teachers to some extent doubt the system saves
them time (NI8) by supporting teaching activities (M = 2.78, SD = 1.15). On the other
hand, they consider the system very useful as an additional assessment of students’
work (item US2; M = 3.30, SD = 1.13) and their digital competence (item NI2;
M = 3.70, SD = 0.94).
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7 Conclusion

This research addressed the problem of measuring and investigating the relationship
between user satisfaction and net impacts of cloud-based infrastructure for acquisition,
evaluation and certification of digital competence in primary and secondary education
focusing on teachers’ perspective. In addressing the research questions, this research
has validated the measurement instrument and revealed the elements of a DC certifi-
cation system that impact teachers work (RQ1). By using the developed instrument, it
was shown that user satisfaction is indeed a significant predictor of net impacts of DC
certification system (RQ2).

According to our knowledge, CRISS platform is the first attempt to create a
comprehensive, cloud-based solution for digital competence acquisition, evaluation
and certification in Europe, and to pilot such solution within a formal curriculum of
primary and secondary schools in six European countries. From a practical point of
view, using the measurement instrument, schools can evaluate their own systems for
certification of digital competences and find out, for example, whether those systems
need improvement or whether the school needs to improve the quality of services for its
teachers. It should be encouraging for those who plan to implement such systems or for
those who plan to develop them.

References

1. Tudor, S.L.: The open resources and their influences on the formation of specific
competencies for the teaching profession. In: Proceedings of the 10th International
Conference on Electronics, Computers and Artificial Intelligence, ECAI 2018. IEEE (2018).
https://doi.org/10.1109/ECAI.2018.8679010

2. Varela, C., Rebollar, C., García, O., Bravo, E., Bilbao, J.: Skills in computational thinking of
engineering students of the first school year. Heliyon. 5 (2019). https://doi.org/10.1016/j.
heliyon.2019.e02820

3. Siddiq, F., Hatlevik, O.E., Olsen, R.V., Throndsen, I., Scherer, R.: Taking a future
perspective by learning from the past - a systematic review of assessment instruments that
aim to measure primary and secondary school students’ ICT literacy. Educ. Res. Rev. 19,
58–84 (2016). https://doi.org/10.1016/j.edurev.2016.05.002

4. Siddiq, F., Gochyyev, P., Wilson, M.: Learning in Digital Networks – ICT literacy: a novel
assessment of students’ 21st century skills. Comput. Educ. 109, 11–37 (2017). https://doi.
org/10.1016/j.compedu.2017.01.014

5. Casillas Martín, S., Cabezas González, M., García Peñalvo, F.J.: Digital competence of early
childhood education teachers: attitude, knowledge and use of ICT. Eur. J. Teach. Educ.
(2019). https://doi.org/10.1080/02619768.2019.1681393

6. Zabotkina, V., Korovkina, M., Sudakova, O.: Competence-based approach to a module
design for the master degree programme in translation: challenge of tuning russia tempus
project. Tuning J. High. Educ. 7, 67 (2019). https://doi.org/10.18543/tjhe-7(1)-2019pp67-92

7. Lazonder, A.W., Walraven, A., Gijlers, H., Janssen, N.: Longitudinal assessment of digital
literacy in children: findings from a large Dutch single-school study. Comput. Educ. 143,
(2020). https://doi.org/10.1016/j.compedu.2019.103681

348 I. Balaban and A. Sobodić

https://doi.org/10.1109/ECAI.2018.8679010
https://doi.org/10.1016/j.heliyon.2019.e02820
https://doi.org/10.1016/j.heliyon.2019.e02820
https://doi.org/10.1016/j.edurev.2016.05.002
https://doi.org/10.1016/j.compedu.2017.01.014
https://doi.org/10.1016/j.compedu.2017.01.014
https://doi.org/10.1080/02619768.2019.1681393
https://doi.org/10.18543/tjhe-7(1)-2019pp67-92
https://doi.org/10.1016/j.compedu.2019.103681


8. Hinojo-Lucena, F.-J., Aznar-Diaz, I., Caceres-Reche, M.-P., Trujillo-Torres, J.-M., Romero-
Rodriguez, J.-M.: Factors influencing the development of digital competence in teachers:
analysis of the teaching staff of permanent education centres. IEEE Access. 7 (2019). https://
doi.org/10.1109/ACCESS.2019.2957438

9. McGarr, O., Ó Gallchóir, C.: Examining supervising field instructors’ reporting and
assessment of technology use by pre-service teachers on school placement. Comput. Educ.
146 (2020). https://doi.org/10.1016/j.compedu.2019.103753

10. Scherer, R., Siddiq, F., Tondeur, J.: All the same or different? revisiting measures of
teachers’ technology acceptance. Comput. Educ. 143 (2020). https://doi.org/10.1016/j.
compedu.2019.103656

11. Cordero, D., Mory, A.: Education in system engineering: digital competence. In: 2019 IEEE
6th International on Industrial Engineering and Applications ICIEA 2019, pp. 677–681
(2019). https://doi.org/10.1109/IEA.2019.8715223

12. Scherer, R., Siddiq, F., Tondeur, J.: The technology acceptance model (TAM): a meta-
analytic structural equation modeling approach to explaining teachers’ adoption of digital
technology in education. Comput. Educ. 128, 13–35 (2019). https://doi.org/10.1016/j.
compedu.2018.09.009

13. Guárdia, L., Maina, M., Juliá, A.: Digital competence assessment system: supporting
teachers with the CRISS platform. In: Central European Conference on Information and
Intelligent Systems, Varazdin, pp. 77–82 (2017)

14. DeLone, W.H., McLean, E.R.: Information systems success measurement. In: Foundations
and Trends® in Information Systems in Information Systems (2016)

15. Vogt, D.S., King, D.W., King, L.A.: Focus groups in psychological assessment: Enhancing
content validity by consulting members of the target population. Psychol. Assess. 16, 231–
243 (2004). https://doi.org/10.1037/1040-3590.16.3.231

16. Straub, D., Gefen, D.: Validation guidelines for IS positivist research. Commun. Assoc. Inf.
Syst. 13, 380–427 (2004)

17. Malgady, R.G., Rogler, L.H., Cortés, D.E.: Cultural expression of psychiatric symptoms:
idioms of anger among Puerto Ricans. Psychol. Assess. 8 (1996). https://doi.org/10.1037/
1040-3590.8.3.265

18. R Core Team: R: A Language and Environment for Statistical Computing (2017). https://
www.r-project.org/

19. Hair, J.F., Hult, G.T.M., Ringle, C.M., Sarstedt, M.: A Primer on Partial Least Squares
Structural Equation Modeling (PLS-SEM). Sage Publications, Thousand Oaks (2017)

Exploring Relationship Between User Satisfaction 349

https://doi.org/10.1109/ACCESS.2019.2957438
https://doi.org/10.1109/ACCESS.2019.2957438
https://doi.org/10.1016/j.compedu.2019.103753
https://doi.org/10.1016/j.compedu.2019.103656
https://doi.org/10.1016/j.compedu.2019.103656
https://doi.org/10.1109/IEA.2019.8715223
https://doi.org/10.1016/j.compedu.2018.09.009
https://doi.org/10.1016/j.compedu.2018.09.009
https://doi.org/10.1037/1040-3590.16.3.231
https://doi.org/10.1037/1040-3590.8.3.265
https://doi.org/10.1037/1040-3590.8.3.265
https://www.r-project.org/
https://www.r-project.org/


Using Augmented Reality and Step by Step
Verification in Industrial Quality Control

João Alves(&), Bernardo Marques, Paulo Dias,
and Beatriz Sousa Santos

DETI - Department of Electronics, Telecommunications and Informatics,
IEETA - Institute of Electronics and Informatics Engineering of Aveiro,

University of Aveiro, Aveiro, Portugal

Abstract. Quality control procedures are extremely important among industrial
applications. Generally, these tasks include many repetitive tasks that require
manual intervention. Given their complexity, quality control tests are often
detailed in video recordings, paper instructions, photos or diagrams to guide
workers throughout the process. Augmented Reality (AR) has been making
significant progress in the last decades, becoming mature enough to be used in
industrial scenarios. While some AR systems have been proposed to support
quality control procedures, most of them only present information to workers
but do not track or validate the process in real-time being used only to guide it.
Another limitation of existing systems is the generation of virtual instructions
used by AR systems to guide the operator. In this work, we propose an AR-
based tool to guide users by overlaying information in a video stream while
performing real-time validation during the execution of quality control proce-
dures. The main objective is to provide dynamic support and decrease the
mental workload needed to complete the procedure as well as the number of
errors, facilitating the procedure execution by untrained workers. Besides this,
the tool allows to create virtual content that can be used to generate step-by-step
instructions automatically based on human demonstrations. By making the
virtual instruction creation effortlessly it is possible to eliminate the user’s need
for memorizing new instructions with each change of the product lines. While
presenting task relevant information the system uses computer vision techniques
to keep track of the procedure stage, verifying its completion and switching
automatically to the next step without requiring any interaction from the user.
A comparison between the time taken to perform the procedure with and without
validation was made. The results show that the validation process would confer
the process a significant efficiency boost, while avoiding possible human errors.

Keywords: Augmented Reality � Computer vision � Quality control
procedure � User guidance � Action validation � Authoring � Industrial efficiency

1 Introduction

Conventional assembly processes often resort to instructions available on paper or in
digital format (photos, videos or diagrams) to guide users across different types of
industrial procedures. Typically, users are required to map these instructions to actions
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to be performed on real objects, without any feedback or additional help [1]. While
some processes are automated, a significant number of assembly operations still require
manual intervention due to their complexity. In this context, the use of information aid
systems using Augmented Reality (AR) might increase significantly task efficiency by
keeping the worker focused on the task and not dividing his/her attention between the
tasks and the instructions [2]. AR makes possible to display digital contextual infor-
mation [3, 4] overlaid on top of the real-world, being potentially useful for quality
control processes with step-by-step instructions, 3D illustrations, or other relevant data
[5]. Specifically, by providing 3D relevant information AR tools can provide a guide to
help users navigate through unfamiliar or complex use cases [6].

However, ready-for-market AR tools are still rarely used and as consequence its
benefits are not demonstrated often [7]. One obstacle is the generation of virtual
instructions that are generally a tedious and time-consuming process [8]. Another
obstacle is the open-loop nature of most AR system that only present information
without any awareness about the procedure current state of the assembly sequence [9].

In this paper, we address both problems in a real-world scenario, aiming to improve
the efficiency of the industrial process. Our work, which is part of an ongoing project
with partners from the industrial sector, aims to leverage AR methods in industrial shop
floors to enrich the way instructions are presented and ease repetitive tasks associated
with quality control. The paper describes the AR tool developed to guide quality
control procedures, proposes the creation of virtual instructions based on human
demonstration, and presents a real-time error detection algorithm to validate the
assembly process.

The remaining of this paper is structured as follows: Sect. 2 describes the AR tool
developed to guide a worker and check his/her actions in a quality control procedure. In
Sect. 3, we discuss the impact of our method in a real industrial scenario. Finally, in
Sect. 4 we draw some remarks and ideas for future work.

2 AR with Verification in a Quality Control Procedure

This section describes a real-world problem, inspired by an industrial shop floor sce-
nario based on a quality control procedure. First, we describe the method used to aid
workers in their labour through AR. Afterwards, we present the verification method
employed to determine if the worker is executing the procedure steps correctly. To
close the loop, we show how the validation procedure can be used to produce virtual
instructions that will be overlaid on top of the assembly video stream.

2.1 Scenario

The industrial quality control task that motivates our work requires a worker to check if
the distance intervals of an automotive part at specific positions are within a pre-
established interval. This procedure is needed to ensure that the assembled piece is
within the final client requirements. Not fulfilling the quality check leads to the disposal
of the part involved in the process.
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The procedure is performed with a wireless comparator (measurement device)
handled by the employee. Measurements are sent to an external computer and dis-
played in a monitor above the quality control cell. Figure 1 illustrates one step of the
process: the measurement device is in one of the predefined positions. After each of the
nine measures, the worker needs to move away from the cell to verify the measure-
ments in the display (see Fig. 2). This procedure is sequential and in each step the
worker must position the comparator in a specific location of the piece and issue an
order to trigger the measurement.

2.2 User Action Verification During Procedure

One problem identified in the procedure depicted above was the time required to trigger
the measurement since the worker had to move away from the support system to look at
the monitor to validate the measurement on the display before moving to the next
action. This also requires the interaction with a wireless keyboard during the process
(see Fig. 1).

With this in mind, we developed a computer vision process to verify the correct
localization of the comparator. The system can trigger automatically the measurement
when the device is correctly positioned advancing to the next stage showing the col-
laborator the next location to be measured.

The correct information about the measurement device placement is critical to
trigger the measurement and enable a correct control of transitions between assembly
stages. To obtain it, an algorithm based on a template matching approach to compare
two 3D point clouds produced by the same perspective is used validating if the
measurement device is correctly positioned. The point cloud is processed to extract
only the objects that are not present in the initial template acquired before the start of
the procedure.

Fig. 1. Quality control process. A gauge ensures the correct placement of the automotive piece
under evaluation. The measurement device determines the distance intervals of an automotive
part at specific positions during the nine steps measurement process.
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With this in mind, we developed a computer vision process to verify the correct
placement of the comparator. The system can trigger automatically the measurement
when the device is correctly positioned advancing to the next stage showing the worker
what is the next location to be measured.

Figure 3 presents the workflow of the verification process, which starts by cap-
turing a point cloud using the camera (mounted in such a way as to detect the support
system 2) and send it to a computer for processing. Subsequently, dedicated software
running on the computer filters the objects outside a pre-established working area and
segments the pieces which were not present in the initial point cloud template, to
extract the associated clusters of points. After this step, the number of points of each
cluster is checked and the ones below a certain threshold are discarded. The algorithm
considers that the measurement device is in a specific position if a cluster is in the same
position for more than 2 s. To perform this verification procedure, we set up a RGBD
camera (ORBBEC ASTRA) held by a tripod, looking down to the support platform
(Fig. 2).

Fig. 2. Verification setup with a fixed depth camera held by a tripod, looking down to the
support platform where the quality control procedure is executed

Fig. 3. Algorithm workflow aimed to perform the verification process
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The validation mechanism presented above can be also used to leverage the cre-
ation of virtual content based on a demonstration. For example, in Fig. 4, a worker
placed the comparator in a certain location and the system creates automatically the
green arrow indicating the device position. This process can be used to easily create
step-by-step instructions for this specific use case or a similar one.

3 Discussion

At this stage the prototype was tested using recorded data obtained from a traditional
human demonstration of the quality control procedure.

On this data, the estimated time needed to perform the complete quality control
procedure was 82 s. Using the same sequence and considering only the time required to
move the comparator between locations, we estimated the process would require only
36 swhile using theARwith validation system triggering themeasurements representing
a time reduction of 56% per operation. This presents the possibility to process more two
pieces in the same amount of time required now for a single one (not considering the time
for removing and placing a new part in the gauge). We also argue that the system is
flexible and simple enough to be easily transposed to the shop floor, namely because only
3D data is used providing some robustness to lightning conditions changes.

4 Final Remarks and Future Work

Augmented Reality (AR) has great potential for assisting in many industrial tasks
(assembly, quality control, maintenance). In this study, we presented a system that
shows potential use of this technology in a real quality control procedure. We explored
how an action validation mechanism and virtual content authoring in our scenario can
speed up the procedure and facilitate the creation of new guides using step-by-step
instructions. In the specific case study considered, our tests suggest that is possible to
reduce to less than half the task time while guiding the operator through the several
repetitive steps, avoiding errors, additional movements and keyboard interactions.

As future work, we plan to perform a more extensive test in real conditions to
further evaluate the qualities and limitations of the system and fine tune the system for

Fig. 4. Virtual content creation through comparator position detection
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real use. We also plan to further increase the AR capabilities showing not only
information concerning the comparator locations, but also additional information about
error location, that might help operators to correct previous mounting steps to reduce
the number of faulty parts, resulting in a significant reduction of the discarded pieces
along the whole manufacturing process, and thus contributing to a leaner approach in
several ways, by reducing time, waist, motion and extra-work [10].
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Abstract. This study set out to compare the effectiveness and efficiency of
three common potato peeler designs, and whether there were any differences
related to gender in terms of use. An experiment was designed involving a timed
potato-peeling task using three different potato peeler designs. A balanced group
of N = 20 males and females was recruited. The results showed that the vertical
peeler with flexible blade resulted in the shortest peeling times. This peeler also
produced least waste although these differences were not statistically significant.
The results did not reveal any statistically significant gender differences.

Keywords: Kitchen utensil ergonomics � Utensil design � Potato peelers

1 Introduction

Potatoes are an important staple for carbohydrates. Although modern life means that
individuals increasingly resort to preprocessed food, there are still situations where
food is cooked from first principles using the appropriate tools and utensils. There is to
the best of our knowledge no previous empirical studies of potato peeler performance.
We wanted to investigate if there are measurable differences between different potato
peeler designs and any gender related differences in terms of use. We therefore
designed a small controlled experiment involving a potato peeling task to compare
three commonly available potato peeler designs in terms of peeling speed and amount
of waste produced.

2 Related Work

There are seemingly few academic works on potato peelers, although there are several
patents issued during the last 70 years that document various designs [1–5]. Some of
the academic works are in the domain of agriculture [6, 7] and food production
including potato peeling [8] chips making [9].
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Within the field of product design kitchen utensils is an active area of research [10,
11]. Key issues include work related injuries caused by certain designs [12] and uni-
versal [13] utensil design for the aging population [14]. Kitchen utensils are also an
issue in the domain of health and safety [15]. An overview of the evolvement of the
domestic kitchen can be found in [16].

3 Method

3.1 Experimental Design

A mixed controlled experiment was designed comprising one within-group indepen-
dent variable potato peeler with the levels y-peeler, vertical peeler with flexible blade
and vertical peeler with fixed blade. Gender was the between-groups independent
variable with the levels male and female. Two dependent variables were measured,
namely the task completion time, i.e., the time it took to peel each potato, and the
amount of peel resulting from each peeling task. The amount of peel is considered a
measure of accuracy as removing as little as possible of the non-peel part of the potato
is considered more accurate than removing a larger portion of the non-peel part.

3.2 Participants

A total of 20 participants were recruited, comprising 10 males and 10 females. All the
participants were recruited at the main campus of the authors’ university. Most of the
participants were in their early 20s.

3.3 Task

The task comprised peeling potatoes using the three potato peelers.

3.4 Materials

The potatoes used in the experiment was first manually screened to ensure that they
were as similar as practically possible both in terms of shape and mass. In total, 60
potatoes were used in the experiment with a mass of (M = 116.0 g, SD = 18.2). The
smallest potato had a mass of 80.0 g and the largest 173.0 g.

3.5 Equipment

Figure 1 shows the three common potato peeler designs that were used in the exper-
iment. The y-peeler has a flexible horizontal blade. Typically, the users will move the
y-peeler towards themselves to peel. There were two vertical peelers, one with a
flexible blade that moves with the contour of the potato and one with a fixed blade that
does not move. All the peelers were made in metal, but the vertical peeler with a fixed
blade had a hard-plastic handle.
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3.6 Procedure

Each participant was first informed about the experiment and then asked to peel three
potatoes using the three potato peelers at a comfortable pace in which they were used
to. We wanted the experiment to come across as a realistic potato peeling session and
not as a competition. The presentation order of the three potato peelers was randomized
to minimize any potential bias. For each potato, the total peeling time was measured
using a stopwatch. The mass of each potato was also measured before and after peeling
process to determine the amount of peel produced in the process. The scales used had a
resolution of 1 g.

All the measurements were collected in one session for each participant and par-
ticipation was voluntary. Participants were therefore anonymous. The data were ana-
lyzed using JASP.

4 Results

Figure 2 shows the results of the task completion time measurements. The results show
a significant effect on the type of peeler used (F(2, 36) = 10.974, p < .001), in that the
vertical peeler with fixed blade is the slowest (M = 41.9, SD = 28.9) while Y-peeler
(M = 40.8, SD = 21.6) and the vertical peeler with flexible blade (M = 38.8,
SD = 22.7) yield similar results although the vertical flexible peeler yields the fastest
peeling times. Post-hoc tests confirm that the vertical peeler with fixed blade was
significantly slower than both the y-peeler (p < .001) and the vertical peeler with
flexible blade (p < .001). There was no significant difference in task completion time
between the y-peeler and the vertical peeler with flexible blade.

Fig. 1. The three potato peelers used, namely the y-peeler with flexible blade (left), vertical with
flexible blade (middle) and vertical with fixed blade (right).
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There was no significant effect of gender (F(1, 18) = 0.860, p = 0.366). The results
appear to be quite similar for both males and females with the vertical fixed blade
peeler. However, although not significant, males seemed to use the two fastest peelers
approximately 10 s (or 20%) faster than females. That is, males with y-peeler
(M = 39.4, SD = 12.6) versus females with y-peeler (M = 47.3, SD = 13.6), and males
with vertical flexible peeler (M = 37.3, SD = 8.8) versus females with vertical flexible
peeler (M = 48.3, SD = 13.8).

Figure 3 shows the results of the mass reduction measurements. No significant
effects of either peeler type (F(2, 36) = 0.739, p = .485) or gender (F(1, 18) = 1.230,
p = .282) could be observed. However, an inspection of the results shows that the
females generally produce less peel than the males with all the peelers. Interestingly,
females produce the most peel with the y-peeler (M = 14.4%, 5 = 1.8) and least with
the vertical peeler with fixed blade (M = 13.0%, SD = 1.9), while males produce the
most peel with the vertical peeler with the fixed blade (M = 16.9%, SD = 5.6) and least
peel with the vertical peeler with the flexible blade (M = 15.1%, SD = 6.7). The spread
in peel is also much larger for males compared to females. Looking at the results it
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seems the least peel is achieved with the two vertical peelers. Overall, the spread is
much larger with the vertical peeler with fixed blade and the results indicate that the
vertical peeler with flexible blade yields more consistent results across all the
participants.

Although steps were taken to minimize the variation in potato mass, small varia-
tions were unavoidable. To check that the amount of peel is related to the mass of the
potato, the reduction in mass after each potato was peeled was correlated with the
original mass before peeling. The mass of the peel correlated strongly and significantly
with the mass of the potatoes (r(60) = 0.544, p < .001), 95% CI [0.337, 0.701].

5 Discussion

The results show that potato peelers with flexible blade are faster than the peeler with a
fixed blade. One explanation for this could be that the user simply has focus on the side
to side motion while peeling and not having to also focus on a turning motion to make
the blade follow the contour of the potatoes. The flexible blade follows the shape of the
potato. Hence, the user needs to make less complicated maneuvers. There we no
significant differences between the two flexible-blade peelers, but the vertical peeler
appears slightly faster and results in slightly less peel. In addition to the handle ori-
entation in relation to the blade, there is also a difference in the handgrip diameter. The
relation between handle diameter and orientation and force transmission was explored
in the study of Kong and Lowe [17]. While big handles are more beneficial when the
task involve the application of higher levels of force, smaller handle diameters – which
is the case of the two vertical peelers – allow variation and fine adjustments of the
objects’ position in the hand thus facilitating more accurate movements. The two
vertical peelers provided more accuracy than the y-peeler among the females, while
only the vertical with flexible blade was more accurate than the y-peeler for the men.

The results did not reveal any significant gender differences. However, the results
indicate that some males completed the peeling task faster than females. We did indeed
observe that some of the male participants rushed the task, possibly due to have
somewhat treated the task as a contest. A possible consequence of rushing the task may
have been that some males produced more peel. In fact, using a knife a potato can be
quickly peeled with six cuts of a knife if the potato is cut into a cube-like shape. This
would clearly be classified as a peeled potato, but also much waste.

The results show that there are large variations in the data. The 20 participants
recruited are on the low side. It would have been interesting to have repeated the
experiment with more participants in each group. Moreover, we got the impression that
most of the participants were already somewhat familiar with the potato peeler designs,
but we did not systematically ask the participants about previous experience and
familiarity with the peelers. It would probably have been useful to include details about
such previous experience and familiarity in the analysis.
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6 Conclusions

An experiment was designed to compare three potato peeler designs and to uncover any
gender differences related to use. The results showed that the vertical peeler with
flexible blade was the fastest. The vertical peeler with the flexible blade also produced
least waste although these differences were not statistically significant. The results did
not show any significant gender related differences. The results are based on the
observation of a small and limited cohort comprising relatively young individuals. It
would be interesting to have extended the study with different age groups.
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Abstract. The use of inappropriate wheelchairs is believed to limit mobility
and reduce the freedom and quality of living for the user. This study therefore
set out to investigate the influences of wheelchair design on the performance in a
wheelchair agility test. Ten participants performed an agility test involving
operating three manual wheelchairs with different designs as fast as possible.
The wheelchair designs (independent variable) included a lightweight rigid
frame, foldable frame and hospital model. The wheelchairs order was ran-
domized for the agility tests. The time to complete an agility test (dependent
variable) was measured with a chronometer. The results show that the use of the
rigid frame wheelchair yielded the fastest performance during the agility tests,
while the hospital model resulted in longer task-completion times. The findings
support the view that active users should be provided with lightweight wheel-
chairs, as heavy hospital wheelchairs limit mobility.

Keywords: Wheelchairs � Field tests � Equipment design � Mobility

1 Introduction

According to data from the World Health Organization [1] 1 billion of people expe-
rience disability worldwide, of which about 1% need a wheelchair. In low-GDP
countries, there are many challenges associated with providing people wheelchairs or,
more specifically, the most appropriate wheelchairs. As result, user’s mobility and
satisfaction with the equipment are affected.

Manual propulsion, the main means of moving with a manual wheelchair, has been
studied in terms of several biomechanical and physiological outcomes such as: car-
diorespiratory and perceived exertion measurement [2–4], the activity of upper limbs
muscles [5, 6], upper limb kinematics [7, 8] and hand surface pressure distribution [9].
From the users’ point of view, the equipment weight is one of the main aspects
considered when selecting and acquiring a wheelchair [10]. A variety of wheelchair
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configuration parameters can impact equipment mechanics, the dynamics of a wheel-
chair in motion and the biomechanical demand during manual propulsion [11]. The tire
type, for example, is an important factor that must be considered in the equipment
configuration: while solid tires have been claimed as requiring less maintenance, evi-
dence has indicated that these tires increase rolling resistance [12]. In terms of
equipment mechanics, wheelchair mass, dimension and mass distribution are important
factors affecting the system inertia [13, 14]. Additionally, it has been shown that the
influence of the equipment mechanics on the movement dynamics and resistive losses
are dependent on the maneuver and trajectory characteristics [15, 16].

Data from the World Health Organization has shown that less than 5% of people
who need to use a wheelchair in fact have an adequately adjusted wheelchair [1]. This
is most common in low-GDP countries, where many users do not have access to a
specialized prescription and provisioning of assistive technology (AT) systems and, as
a result, they end up acquiring a wheelchair not matching their characteristics, needs
and preferences. In Brazil, it is not uncommon to purchase a wheelchair oneself or have
one donated if one is unable to acquire a wheelchair from a specialized rehabilitation
center. Consequently, unsuitable wheelchair models are frequently used, such as
hospital model wheelchairs intended for short distances or to be driven by a caregiver.
Such models may be the only equipment available to the user, since these devices are
commonly obtained through donations. However, the use of these devices without the
correct prescription can directly influence the performance in daily mobility in addition
to causing and aggravating postural problems and upper extremity fatigue, injury, or
both. The wheelchair models were selected for this study based on such accounts given
by many users and first-hand observations in clinical experience. This study investi-
gated how the wheelchair design can influence the users’ ability to move fast and agile
on a standard agility test modified for wheelchairs.

2 Materials and Methods

A mixed experimental design was selected for this study with experience level as
between groups factor and wheelchair type as a within groups factor. The between
groups factor had two levels, namely experienced wheelchair users and novices. The
within groups factor had three levels namely the rigid frame, foldable frame and
hospital wheelchairs. Mobility performance in terms of task completion time was the
dependent variable.

A total of ten male participants, aged between 22 and 43 years voluntarily par-
ticipated in this study. Half of the participants had mean age of 30.8 + 7.9 years, a
mean mass of 72.6 + 9.5 kg and mean height of 1.7 + 0.08 m. These participants were
paraplegic due to spinal cord injuries and were active wheelchair users, recruited at
SORRI BAURU Rehabilitation Center, with at least 2 years of experience with
independent. The other five participants (mean age 25 + 4.6 years, a mean mass of
75.2 + 5.7 kg and a mean height of 1.8 + 0.05 m) did not have any disabilities or
experiences with wheelchair usage. Prior to data collection, the participants were
informed about the objectives and procedures of the study, read and signed an informed
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consent form that had been approved by the Ethics Committee of the Faculty of
Architecture, Arts and Communication–UNESP (Process. N. 800.500).

Three models of adult manual wheelchairs (Fig. 1) commonly seen in the Brazilian
market were used in this study: a rigid-frame wheelchair (RFW) with a mass of
11.55 kg, built with tempered aeronautical aluminum alloy, pneumatic tires in the 24″
rear wheels and foam cushioned seat; a foldable-frame wheelchair (FFW) made of steel
with a mass of 21 kg, with backrest tilt and leg/foot support adjustments, pneumatic
tires in the 24″ rear wheels, and foam cushioned seat; and a hospital model wheelchair
(HMW) with a mass of 15 kg, frame made in iron, seat and backrest in fabric and solid
tires in 24″ rear wheels.

The mobility performance was evaluated with the modified agility test [17]. This
test was selected for this study because it comprises straight and turn (to both sides)
trajectories, acceleration and breaking (Fig. 2). A video camera and chronometer were
used to document study data.

Participants performed the agility test as fast as possible (repeated three times with
each wheelchair type). The sequence of wheelchairs was randomized for all the par-
ticipants and the time to complete the course was measured using a chronometer. Data
is presented descriptively by means of mean and standard deviation (SD). The mea-
surements were transformed using the Aligned Rank Transform (ART). The Aligned
Rank Transform is a non-parametric procedure that allows measurements that do not
meet the assumptions of parametric tests to be analyzed using traditional repeated

Fig. 1. Manual wheelchair models (from left to right): rigid-frame wheelchair; foldable-frame
wheelchair; hospital model wheelchair.

Fig. 2. The modified agility test for wheelchairs.
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measures ANOVA. Post-hoc testing was performed using Bonferroni corrections.
Statistical analyses were conducted using JASP version 0.9.1.0 [18] and ArtTool [19].

3 Results

The measurements satisfied the assumptions of sphericity. However, Levene’s test
revealed that the hospital wheelchair data did not satisfy the assumption of equality of
variances (F(1, 8) = 8.562, p = .019). The data was therefore subjected to the aligned
rank transform. A repeated measures ANOVA revealed a significant effect of device
type (F(2, 16) = 9.29, p = .002), but not of participants’ experience (F(1, 8) = 3.95,
p = .082), with no interaction between these two factors (F(2, 16) = 0.73, p = .498).
Post hot tests with Bonferroni correction show that the performance in the agility test
with the hospital wheelchair was significantly different to both rigid (p = .005) and
foldable (p = .03) chairs, while the results of the agility test with the foldable and rigid
were not statistically different to each other (p = .45). Figure 3 shows the performance
of users and non-users in the agility test with the three wheelchairs.

4 Discussion

Although it may seem obvious that RFWs allow the fastest performance in comparison
to HMWs and FFWs, the magnitude of the time differences in a simple, rapid and
controlled test of agility in manual wheelchairs allows to estimate the extent to which
the design of manual wheelchairs can affect basic maneuvers in daily mobility. The
current findings indicate that the use of the HMW resulted in increased time to com-
plete the agility test in comparison to the other wheelchair models. The equipment
configuration and the use of solid tires are probably two factors that contributed to this
result. The study of Kwarciak et al. [12] showed that solid tires increase wheels’ rolling
resistance.

Fig. 3. Time of users and non-users in the agility test with the three wheelchair designs.
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The findings support the claims that users should be provided with a lightweight
wheelchair, as well as the risk of mobility limitation that the user might be exposed
when using heavy manual wheelchairs or with configuration and accessories that do not
target optimal performance. A previous study reported benefits of lighter wheelchairs
[20]. In this context, designers, engineers, rehabilitators and other professionals may
benefit from the information presented herein. However, this study has limitations that
should be noted. The small sample size and the fact that half of the participants’ sample
being participants without disabilities and with no experience in manual wheelchair
usage may limit power of the current findings, which, thus, may be not fully repre-
sentative of the wheelchair user population. Future studies should address these issues,
as well as measuring inertial properties of the different wheelchair designs so that it can
be correlated with the data from the participants. Also, from the perspective of the
users’ efforts, measuring physiological parameters such as oxygen consumption may
provide objective data in terms of energy costs for the users when moving with manual
wheelchairs of different designs.

5 Conclusion

This study addressed how the use of different designs of manual wheelchair influence
the performance in an agility test. The results indicate that lightweight rigid frame
wheelchairs are more efficient, while hospital model wheelchair with solid tires demand
more time to complete the course trajectory, therefore affecting the mobility perfor-
mance negatively. The results support the view that specialized prescriptions provide
the most appropriate wheelchair for the user.
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Abstract. This paper presents the conceptual development of a technological
application for the treatment of children with attention deficit disorder (ADD).
This technological application will consist on serious-gaming to stimulate the
different levels of attention. The first level is focused in attention and stimulates
it by identifying stimuli through tactile interaction with the user. The second
level is selective attention, for which, the child must select a stimulus leaving the
irrelevant stimuli aside. The third level will work on sustained attention, where
the child must fulfill a game with a longer duration. The next level will contain
an activity to stimulate alternating attention, where the child must solve two
tasks by alternating the focus of attention. Finally, for the divided attention, it
must be resolved two tasks at the same time. With this application it is expected
to improve the child’s motivation in the treatment and provide an intervention
tool for the clinician.

Keywords: Technological applications � Attention deficit disorder �
Neuropsychological rehabilitation � Neurodevelopmental disorders

1 Introduction

Attention deficit disorder (ADD) is one of the most common neuro-developmental
disorder that affects around 5% of children population [1]. This disorder is character-
ized for presenting a pattern of difficulties for attending external and internal stimuli,
producing in the child a clinical alteration in the majority of areas where those take
place [2].

The American Psychiatric Association describes some of the signs of impaired
attention such as difficulties attending to details, presenting mistakes when doing
homework, problems maintaining attention in tasks, homework o game activities,
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appearance of not attending when someone speaks directly to him or her, difficulties
when following instructions, not ending homework or home tasks, difficulties to
organize tasks and activities, dislike or avoiding tasks requiring cognitive effort,
become easily distracted by irrelevant stimuli and neglect in daily activities [3].

Various authors have stated that the core problem in ADD is the immaturity of the
attention mechanism associated to mental skills such as the inhibitory control or cerebral
structures as the frontal lobe, which would explain the child’s difficulties sustaining the
attention in classroom, when doing homework or any other activity [4, 5, 9].

2 Brain Systems of Attention

The attention process includes three brain systems (see Fig. 1) that allow maintaining
an adequate state of alert level when receiving information from sensorial receptors
and, as consequence, cognitive regulation responses are produced [6].

Attention process has five levels of complexity that matures as development and
cognitive skills advance. The first level is focused attention which refers to the capacity
to focus attention on a specific stimulus. The second level is sustained attention which
is the ability to attend over a prolonged period of time. The third level is selective
attention which allows attending to a specific stimulus inhibiting irrelevant elements in

Fig. 1. Model of three brain systems of attention [7]
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tasks. The fourth level is alternating attention, which is the ability for changing focus
attention between two or more stimuli. The last level is divided attention which allows
attending different stimuli or attention at the same time [8, 10].

Previous research has reported that children with ADD have serious difficulties in
the majority of attention levels [11, 12], presenting problems in their neuropsycho-
logical treatment, since most of the applied techniques are based on paper and pencil
materials, diminishing the motivation of children with ADD in their rehabilitation
process [13].

Because of all the descriptions made above, we think it is necessary developing
technological innovations that help the different levels of attention process of children
with ADD. The conceptual content of a technological application for the rehabilitation
of the attention process of children with ADD is presented as following.

3 Technological Application to Train Attention Systems
in ADD

As it was mentioned previously, one of the main problems in the rehabilitation of
children with ADD is their lack of motivation for doing the exercises based on paper
and pencil materials. To solve this issue, it is proposed a technological application
based on serious-gaming for tablet with exercises for the five levels of the attention
process (see Fig. 2).

• Focused Attention: the game that will be implemented will show figures to be paint,
to find matching figures, to organize stimuli, to complete sequences and by doing
so, identifying stimuli through tactile interaction with the user.

• Sustained Attention: where the child must fulfill a game with a longer duration and
the task will consist on solving problems in different stories proposed.

• Selective Attention: the scenario that will be proposed will ask the child to select a
stimulus leaving the irrelevant stimuli aside.

Fig. 2. Graphical representation of child with ADD doing the exercises for training the attention
process
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• Alternating Attention: where the child will have to solve two tasks by alternating
the focus of attention

• Divided Attention: the procedure that will be present will have some activities about
solving two tasks at the same time.

4 Clinician Feedback

The clinician will have the opportunity of supervising goals accomplished, and the
progress of children with ADD that use this technological application through the daily
reception of the practice carried out by the child, as well as his/her performance in each
exercise. In this way, the clinician will be able to assess whether the results obtained by
the patient are allowing the improvement of their attention skills.

5 Conclusions

In this paper, the conceptual development of a technological application to improve the
attention skills of children with ADD has been reported. Its content allows working in
the different levels involved in the attention process: focused attention, sustained
attention, selective attention, alternating attention and divided attention.

There are some benefits of this technological resource, for example, children with
ADD will be motivated to continue from beginning to the end with the therapy, as well
as compromised with the exercises proposed within the therapeutical setting, which
will be realized independently and by their own, and the clinician will receive feedback
of the children with ADD performance.

The challenge for the future implied in this type of intervention lies on the pos-
sibility of generalizing the improvement achieved in mental ability. The main objective
is that these kind of advances could be evidenced not solely on the application, but in
daily life.

As future research, it is of great interest for the research team to develop and apply
this technological device through an experiment to children with ADD and compare
them with a control group, analyzing the benefits of this intervention.
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