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The 9™ International Conference on Kansei Engineering and Emotion Research (KEER2022)
took place from 6 to 8" September 2022 (with an informal doctoral symposium the afternoon
of 5" September).

The hosting city, Barcelona, is bathed by the Mediterranean Sea. Since ancient times, the

Mediterranean has been a link between the East and the West, between the South and the North,
and a way to share knowledge, technology and skills among very diverse peoples and cultures.
Therefore, this edition of KEER revolved around the notion of diversities. Diversities of cultures,
diversities of practices, diversities of perspectives, diversities of places, diversities of experiences.
These diversities and their encounters are sources of richness. Understanding and experimenting
with diversities in mind leads towards a greater comprehension of kansei. What we tried to do
with the conference was encouraging discussion on the consideration of diversities as an
encounter, bringing us together on the topic of kansei.

When the conference was initially planned, the restrictions due to COVID-19 were still very
present all around the world, and uncertainty on how the conference could be done was high.
For this reason, the conference was a bit of an experiment, as it had a hybrid format: some people
attended face-to-face in Barcelona, while others were online. Sessions were developed during
the morning in Europe, afternoon in Asia. For those present in Barcelona, afternoons were
devoted to several activities.

What you will find in this book of proceedings are the papers presented in the contributed
sessions of the conference. Enjoy!
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ABSTRACT

The Covid-19 pandemic has triggered changes in learning due to the practice of social
distancing to curb the spread of the virus. E-learning platforms have become the main platform
for learning throughout the pandemic. However, e-learning does have challenges when it comes
to ensuring student’s optimum participation throughout the learning experience that require
extensive research about techniques and methods for an optimum e-learning experience. This
includes various e-learning supporting tools that provides easy communication and immediate
assistance to enhance user experience. The supporting tools or software usability and
functionality design determined as imperative in enhancing the e-learning user experience. Thus,
this research proposes a conceptual model for designing the e-learning supporting tools based
on the CUE Model, integrated with Kansei Engineering for optimum user experience that can
serve as a guideline for the e-learning supporting tools designer. The outcome of this research
will create new research fields that incorporate multiple domains, including the e-learning
domain, software and supporting tools design, emotions and user experience.

Keywords: E-learning, user experience, chatbot, CUE model, Kansei engineering

1 INTRODUCTION

With the emergence of the Covid-19 pandemic, a pressing need has emerged to adopt a new
technique for optimising the hybrid learning approach by utilising the internet platform (Coman
et al., 2020). E-learning enables students, trainers and instructors to obtain, enhance and
maintain critical skills and knowledge using contemporary educational technologies (Hamidi et
al., 2020). The e-learning technique has the potential to enhance the teaching and learning quality
as it supports face-to-face instruction. It allows learners to study and acquire information through
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existing methods as well as from technology and the internet (Kimkong Heng & Koemhong Sol,
2020).

The rapid pace in technological change has a direct impact on the relationship between the
instructor and students, as well as the design of e-learning supporting user interfaces tools
(Mamani et al.,, 2019). For instance, students lose motivation during the teacher’s efforts to
deliver the planned activity since they are unable to "be present" when students may require
assistance with learning (Coman et al., 2020). Students regularly experience feelings of confusion
and loneliness due to the physical absence of their classmates and their inability to correctly
answer the questions asked during lessons (Mitral et al., 2019). Multiple studies have shown that
supporting tools or software are a significant advancement in the field of e-learning, emerging as
the most innovative solution for bridging the gap between technology and education (Mamani et
al., 2019; Mitral et al., 2019; Ramachandiran & Jomhari, 2015). Hadiana emphasised that the
“usability” aspect must be the main key in designing an e-learning module and user interface.
However, users desire persuasiveness more than usefulness and functional usability (Hadiana,
2015). Simultaneously, the research of (Redzuan, Mohd. Lokman, et al., 2011) and (Adnan &
Redzuan, 2016) indicated that connecting the user emotion component with supporting tools
capability is more effective for enhancing e-learning in terms of user experience (UX).

This study proposes a conceptual model to further enhance the design of E-learning supporting
tools based on the CUE Model, integrated with Kansei Engineering (KE). The proposed conceptual
model will be able to provide a guideline for the designers to design supporting tools that able to
improve user experience or also known as UX. In this ongoing study, the e-learning supporting
tool that we choose as the scope for discussion is the chatbot. The structure of this paper is as
follows: Section 2 presents a brief overview along with the definition of UX and e-learning. This
section also highlights other studies on the roles of chatbot as e-learning supporting tool, the CUE
model and application of KE techniques in e-learning. Section 3 proposes a conceptual framework
developed for the enhancement of UX in e-learning. Section 4 discusses the recommendations
for future endeavours, and Section 5 presents the conclusion and future work of this paper.

2 BACKGROUND

E-learning is increasingly popular and widely employed in current education. Many higher
learning institutions, such as universities, embrace e-learning platforms as younger students are
more familiar with new technology and may be drawn to e-learning as an education platform.
The term e-learning includes online learning, virtual learning or distributed learning (Arkorful &
Abaidoo, 2015). It is conducted on the internet where students can access their learning materials
online at any time or place (Kimkong Heng & Koemhong Sol, 2020). Moreover, students often
access online learning materials such as recorded lectures, presentations, reading lists, activities
and assignments through the offered platforms.

Several studies have demonstrated the benefits and advantages that may be gained through
the use of e-learning technologies (Shahzad et al., 2021), (Wu et al., 2020). Other benefits
mentioned in previous studies are students’ perspectives regarding the reduced time spent on
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learning (Coman et al., 2020), the reduced energy needs for travelling to attend classes (Wu et
al., 2020) and the ease in which students can monitor all activities conducted in the classroom
and listen to teachers repeatedly as necessary (Arkorful & Abaidoo, 2015). However, e-learning
has several drawbacks and limitations. According to Redzuan et al. (Redzuan, Mohd. Lokman, et
al., 2011), the e-learning issue can be separated into three categories. The first is related to
design, with emphasis on the e-learning design itself. The second is the course design and the
third is the online learning material design. A study in (Kimkong Heng & Koemhong Sol, 2020)
indicated that e-learning courses have not been well designed to address pedagogical issues.
There is less interaction between users when it comes to applying the knowledge that students
have learned. The applied practical skills are reduced, and the course materials are of lesser
quality. According to a study, e-learning characteristics are essential information for instructional
designers as they allow them to build and create personalised instructions for a target group
(Suarta & Suwintana, 2015). Numerous user characteristics can be employed to measure
individual differences, but the most explored research variable in e-learning is the learning style
(Blakey et al., 2000). User characteristics such as the demographic factor (which includes the
name, gender, language and age) have influenced different learning experiences. Educational
data including years of study, name of college/university and skills have been examined to
determine how user characteristics influence e-learning behaviour (Almahri et al., 2019).

2.1  Relationship between Emotion and User Experience (UX)

A comprehensive definition of emotion should encompass emotional experience or conscious
feeling, brain and nervous system processes and visible emotional expression patterns (Adnan &
Redzuan, 2016). E-learning also applies the use of emotional recognition. A learner's emotional
state may indicate a change in presentation style and increased interaction to provide successful
tutoring (Mehta et al., 2019). The aim is to make them feel part of a team, rather than just one
individual. According to a study, positive emotions have been linked to enhanced e-learning
experience (Adnan & Redzuan, 2016). To facilitate learning, the learner's attention must first be
engaged and emotional responses utilised to positively 'trigger' the learner's attention (Adnan &
Redzuan, 2016). Research by Redzuan identified emotions of enjoyment, pleasure, pride,
satisfaction and engagement to be positively associated with e-learning (Redzuan, Lokman, et al.,
2011). If a learner is enthusiastic and not stressed, learning will take place. If the surroundings are
unfavourable and the learner lacks the feeling of security, learning will not occur. This is
supported by a study that negative emotions such as anxiety, bewilderment, fear, anger, sadness,
boredom and frustration have been frequently linked to negative feelings (Redzuan, Lokman, et
al., 2011). Research on the physiological factor of the learner based on the traditional classroom
face-to-face learning has been accomplished (Sandanayake & Madurapperuma, 2009).
Meanwhile, UX is a modern concept that refers to people's perception of a product design
including emotions, beliefs, preferences, cognitive impressions, physical and psychological
reactions, behaviours as well as achievements before, during and after use (Minge et al., 2017).
According to Hornbaek (Hornbaek & Hertzum, 2017), UX is concerned with how a product or
service functions on the outside when an individual comes into contact with it. It is assumed that
basic human needs are key drivers of product use and quality perception. UX is also defined as
the feeling of satisfaction resulting from the usability experience. A blanket definition of UX is that
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it encompasses all of a user's experiences and reactions, whether assessed subjectively or
objectively (Baumgartner et al., 2020). Hassenzahl (Zardari et al., 2021) define the term ‘appeal’
as the moment when a product may cause pleasing emotional reactions of attractiveness. The
appeal was also defined as "the tangible side of the online environment which represents a
website's appearance and feel of perceived beauty". Likewise, UX includes elements that can
translate users' implicit emotions and needs into design schemes to support designs in terms of
reaching a level of "pleasure" (Diaz-Oreiro et al., 2019). On the other hand, emotions have a
significant impact on product and service design. If the user experiences pleasant emotions, they
will more likely keep utilising the product or service. UX also can be represented in terms of
separate components that interact with one another in a particular way. This interaction attempts
to complete a given purpose which takes place in a certain setting and extends over a limited
time (Yazid & Jantan, 2019). The instrumental qualities of the two categories are firmly linked to
the usefulness and utility of a system. The non-instrumental qualities are the result of its appeal
and attractiveness. Both qualities are significantly dependent on the third component, the
emotions that accompany user engagement with the system (Minge & Thiiring, 2018). Based on
previous research, we can conclude that UX encompasses the effect on the emotions
experienced, visual appeal, usability and function of a product. The importance of this study is to
embed the UX effect, particularly for the use of chatbot, to enhance e-learning and enable a
positive learning experience. Similar studies, such as in (Ramachandiran & Jomhari, 2015), have
promoted positive engagement and connectivity for e-learners to prompt the desire to acquire
knowledge and skills from a virtual learning environment. Thus, this study evaluates the
usefulness of functions in the e-learning realm by considering emotions to determine an
acceptable chatbot design. Emotions can enhance the UX of e-learning to be more attractive to
learners, as emphasised in (Ismail & Lokman, 2020) and (Hamidi et al., 2020). When the user
exhibits the attractiveness of learning, positive engagement or experience will then take place
and learning will be much easier.

2.2  Component User Experience (CUE) Model

Thiring & Mahlke conducted a series of experiments to uncover the relationship between
usability, aesthetics and emotion on the overall judgement that influences users' future
decisions and behaviours (Yazid & Jantan, 2019). UX is associated with the interaction between
humans and technology and has a significant impact on the user's evaluation of the system. UX
can also be described as distinct components interacting with each other in a particular way. The
CUE model illustrates three components of interaction: i) perception of instrumental
characteristics; ii) perception of non-instrumental characteristics and iii) user emotional system
response. Instrumental qualities involve the experienced level provided by the system, the ease-
of-use attribute and the usefulness attribute concerning the practicality of the UX Model (Minge
& Thiring, 2018). This category includes characteristics such as the effectiveness of system
behaviour usability and functionality. Non-instrumental qualities include the system user’s
interface address, the system's appearance and its feel, which correspond to hedonic features in
the UX model (Minge & Thuring, 2018). This category includes design characteristics such as
visual aesthetics and tactile quality. According to a study, both perception and emotion are likely
to influence the interaction process. Emotion can be described as a subjective experience
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communicated through physiological responses and expressive behaviour (Yazid & Jantan, 2019).
In the CUE model, the human interaction characteristic is represented by three factors: 1) system
features such as functionality and interface design, 2) user characteristics such as knowledge or
competence and 3) task/context. According to the author in (Minge & Thiring, 2018), the variable
task/context includes the physical and social environment as well as the task which the user aims
to accomplish.

2.3 Kansei Engineering (KE) for Design

"Kansei" is a Japanese philosophical term that refers to the psychological feelings and needs of
humans (Redzuan et al., 2015). Kansei Engineering (KE) is a novel approach that offers a promising
methodology for developing and constructing new appealing products and services with a strong
focus on the human mind (Ismail & Lokman, 2020). According to (Afiza et al., 2021), KE was
originally defined as the translation of consumer feelings with the product features and product
image to some of the design aspects required to produce that product. The objective of KE is the
development of new products in response to consumer feelings or emotions using the five human
senses: vision, taste, smell, hearing and touch (Adnan & Redzuan, 2016). KE is a subset of artificial
intelligence that is closely related to the design of systems and devices capable of recognising,
interpreting and processing human emotions (Sandanayake & Madurapperuma, 2009). Although
KE has been utilised in product development since the 1970s, the application of this methodology
on education systems has arisen just recently, as seen in (Sandanayake & Madurapperuma, 2009),
(Redzuan et al., 2015). For instance, in (Adnan & Redzuan, 2016), the semantic space for video-
based e-learning materials for higher education will be used to drive the creation of video-based
e-learning materials that incorporate targeted emotion. A model has been proposed based on
student participation in e-learning, utilising KE to elicit design components associated with
creating an emotionally engaging material to assist in encouraging pleasant learning experiences
and fostering learning (Redzuan, Mohd. Lokman, et al.,, 2011). Thus, KE is one of the most
effective ways for identifying emotion and correlating it with certain design elements in order to
raise student interest in learning, motivating them to learn and enhance academic performance
(Redzuan et al., 2015). Redzuan (Redzuan, Mohd. Lokman, et al.,, 2011) identified three
components that influence pleasant emotional experiences in e-learning: interface design (UID),
interaction design and content design. The design component of a chatbot can be applied as an
artefact in our conceptual model using KE to enhance UX for e-learning. The KE methodology is
typically conducted through a qualitative and quantitative approach using Semantic Differential
(SD) to measure Kansei (Razali et al., 2020). In this context, SD is presented as Kansei Checklist
(KC) to measure the relationship between e-learning chatbot and other component designs. KC
is known as emotional descriptive words that consist of Kansei Word (KW). KW is related to user
emotions and opinions represented as adjectives, nouns, verbs or sentences that are found in
books, magazines and journals related to the domain (Ismail & Lokman, 2020). Thus, the KE
methodology can identify emotions associated with a certain design in a chatbot, thereby the
information can be used to improve user experience in e-learning.
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3 PROPOSED MODEL

The purpose of this work is to present e-learning supporting tools design based on the CUE
Model that we propose to integrate with Kansei Engineering to generate optimum user
experience. We developed this model based on the extensive literature reviews discussed in the
Section 2 to combine design influence and UX by taking emotion reaction into consideration. We
employed the CUE model as a baseline model to construct a conceptual model that incorporates
several different interaction property features, UX and system evaluations in the most significant
components of human technology interaction. We design our study to implement KE as method
to obtain emotion feedback toward the artefact that will be created in the next phase of our
study. Our proposed conceptual model considers both teaching and learning aspects, as well as
how e-learning supporting tools such as chatbots can enhance pedagogical transition processes
in e-learning. Our proposed conceptual model is presented in Figure 1.

Interaction characteristics

Task/context User characteristics System: Chatbot
characteristics User’s background properties
Learning style Education level Personality

Cogpnitive aspect

Components of User Experiences

Perception of Emotion Perception of
instrumental response non-instrumental
qualities Positive effect qualities
Pragmatic quality Negative effect Hedonic quality

Usability Chatbot design

Kansei Checklist
Kansei Word Artefact

Analysis Tools

A 2

User-experience analysis for Supporting Tools

Guidelines for designing chatbot as e-learning

supporting tools for optimum UX

Figure 1: E-learning supporting Tools (Chatbots as scope) Design based on the CUE Model Integrated
with Kansei Engineering for Optimum User Experience
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The selection of variables for the model was guided by a review of models from the Human-
Computer Interaction (HCI) literature, Hassenzahl’'s UX model and the KE approach for
interpreting users’ emotional responses and predicting UX outcomes such as system appraisal
and intention to use (Minge & Thiring, 2018). Similar to the CUE model, our proposed model set
variables into three categories: (a) interaction characteristic which has the task/context variables,
user characteristic and chatbot characteristic; (b) component of UX that consist of perception of
instrumental and non-instrumental qualities and KE approach for emotional response
measurement; and (c) UX outcomes. Our proposed model will develop the early-stage process in
designing e-learning that utilise chatbot and assess how UX influences positive emotions of users.

We assume that the interaction between a system and its users can be interpreted as qualities
for interaction. There are two components in our model: interaction characteristic and user
experiences that can be tested using Kansei Engineering. In our proposal, the interaction
characteristics include task/context-related variables, user attributes and the system that can be
tailored into personality. We propose that the level of learning adoption is diverse with a distinct
demographic component, education level and cognitive aspect. These are included as the
measuring variables encompassing the features of e-learning users. Our approach is based on the
prediction that more efficient, effective and compelling educational materials can be designed
and developed by taking learner characteristics into consideration. This model embraces
personality to be implemented and in our conceptual model.

In this study, we are aiming to apply chatbot designs as an artefact to improve the educational
experience because chatbots are used in numerous industries, such as in e-commerce,
healthcare, service providers and business (Mamani et al., 2019), (Pricilla et al., 2018), (Chung et
al., 2020). A chatbot constantly being defined as a virtual assistant that provides a group of
questions and answers much quicker than a human representative would in a phone queue or an
email exchange (Zumstein & Hundertmark, 2018). The designs serve as a teaching support for an
instructor or as an automated teaching assistant capable of handling student doubts related to
e-learning modules. A chatbot enables an interactive learning experience similar to the one-on-
one interaction with the teacher, allowing enjoyable exchanges between users and virtual
assistants via private messaging platforms and the use of chatbots is becoming increasingly
popular among e-learners. In this proposed model, we emphasize the criticality to establish the
bot's personality before the designing process of the chatbot started. We take into consideration
that creating the appropriate personality for chatbot can improve the UX interaction between
users and bots while communicating the demands of users (Ruane et al., 2021). Our proposal is
based on the study that proven that utilising personality provides several advantages such as
improving user understanding, delivering design requirements at an early stage and efficiently
focusing on user goals, traits and requirements (Zumstein & Hundertmark, 2018). This is also
based on the findings that personality has emphasised voice-based agents and making use of
visual clues such as animated facial expressions or body language (Ruane et al., 2021). Interactive
design has received significant attention (Nielsen et al., 2015), followed by user preference, age
and gender. We apply these features in chatbot conversations to express personality on the side
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of the agent, as well as in our conceptual model to enhance the e-learning experience. We are
focusing on chatbot as the measurement variable for the chatbot’s properties and attributes. The
component of interaction includes the consideration that learning styles are flexible due to
underlying characteristics, cognitive structures, personality types, learning preferences,
techniques and learning orientations. The emotional response in the model is also characterised

into multiple components.

Based on the theory of the CUE model, the perception of instrumental qualities is related to
pragmatic attributes to define the value of knowledge according to a tool’s usefulness when users
interact with a chatbot. In our proposed model, we define usability states according to five
attributes: i) simple to learn, ii) efficient to use, iii) easy to remember, iv) few errors and v)
pleasant to use as per the study in (Fan, 2020). Better e-learning environments stimulate learners
to accomplish tasks enjoyably and efficiently. The approach known as non-instrumental qualities
is related to hedonic attributes to fulfil the emotional and pleasure-related psychological
demands of a user. Thus, in this research, we propose the chatbot design as a vital component to
ensure the pleasure of entertainment that users will acquire to influence the behavioural

intention of user application.

Target User
e.g., learner, instructor

Kansei Word
e.g., positive and negative
emotions

Design Attributes
Interface Design Interaction Design Content Design
e.g., layout, visual e.g., agents, avatar, e.g., sequence of
aesthetic, graphic, text animation, visual cues storyboard

Kansei Measurement
e.g., Kansei Checklist, Semantic Differential

Design Element Linked with Specific Emotion

Figure 2: Research design to extract the combination of features by implementing KE approach via Kansei
Checklist, Kansei Word and Analysis Tools

The model is further extended with the KE approach to extract the combination of features
that emphasise the components of UX while utilising chatbot, exhibiting the effect of emotional
experience in e-learning environments. KE is a recognised technique for extracting design
features in numerous research areas. Figure 2 illustrates the research design of extracting the
combination of features by implementing the KE approach via Kansei Checklist, Kansei Word and
Analysis Tools. The output for this approach will set specific design elements linked to particular
feelings or emotions. This will provide valuable information for developing chatbot based on the
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approach and predicting e-learning experience outcomes that include chatbot use intention,
satisfaction and goodness.

4 CONCLUSION AND FUTURE WORKS

In conclusion, e-learning is electronic learning that involves the interaction between teachers
and students that can be enhanced for better student learning experience using supporting tools
including chatbots that we chose as our scope for this study. The use of chatbots proven to give
several advantages in education due to the ability in promoting continuous learning, increases
student motivation, improves student learning and listening abilities. Chatbots can be better
utilized in giving better user experience in educating students on new concepts, facilitate self-
guided learning and spark student interests in particular fields if the chatbot being design by
taking various consideration during the design phase. Previous studies have stated that user
feelings and e-learning have a significant relationship with positive learning experience. Most
previous studies have claimed that emotion manipulation can enhance e-learning, making it more
attractive to learners. Thus, this study discusses the important of designing the chatbot to better
support the e-learning by taking emotion into our consideration.

The purpose of this study is to elicit emotional engagement in e-learning systems when the
chatbots application are being used. We discuss how the CUE model and KE technique can be
utilised as a potential baseline and mechanism to capture user emotions by enhancing UX.
Designing and implementing e-learning supporting tools such as chatbots, however, is not as
straightforward as it seems. Chatbot technology is evolving at breakneck pace, with several
enhancements and new functionalities being launched on a regular basis. The development of
chatbots as e-learning supporting tools should be carefully planned. Selecting the suitable
platform tools is critical as it can contribute to the chatbot’s efficacy and efficiency. Thus, this
study proposes a conceptual model to support the enhancement of user e-learning experience
based on CUE Model and Kansei Engineering that will serve as a guideline for developing the
design of e-learning supporting tools such as chatbots. In the conceptual model, we integrate CUE
Model with Kansei Engineering as the methodology with aim to optimize the user experience by
embedding the emotional aspect during the interaction. This paper reports the fundamental of
our on-going study that will be further extended to obtained the result by performing activities
that were explained in our research design. We intended to further explore chatbot design
techniques and quantify the relationship its posses with e-learning approaches.

Future works are as follows: (1) conduct a study to evaluate and validate the conceptual model
by experts, (2) develop instruments and artefacts for data collection and (3) analyse the collected
data to understand the effectiveness of the proposed conceptual model. This study will
contribute to a comprehensive analysis for e-learning supporting tools that focusing on chatbot
interaction as our research scope. Based on the finding, we will develop functional and useful
chatbots that will increase student engagement and UX.
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ABSTRACT

Seimeikan, the sense of being alive might enhances motion graphics, makes it an effective
communication tool, and affects human emotions. However, there is a lack of studies in terms of
expressing a sense of being alive that focuses on human decision. The present study aimed to
investigate the motion factors and find how motion affects the evaluation of sense of being alive.
Two sets of motion graphics, artifacts and natural creature were used in the evaluation. The
artifact set was composed of three levels of displacement (Linear), sine curve, and noise factors.
The natural creature set was composed of data from fish locomotion. The findings of the study
presented that (1) motion graphics based on natural creature were rated more positively than
those that are based on artifact, (2) the motion graphics based on artifact showed the importance
of noise factors, which highly correlated with expressing the sense of being alive compared to
other factors. Moreover, it was found that high and low noise factors positively influenced the
evaluation of the sense of being alive more than those without noise.

Keywords: Motion Graphics, Sense of being alive, Artifacts

1 INTRODUCTION

With the growth of science and new technology in recent decades, many man-made objects
refers to artifacts in this study, have been produced to have realistic expressions similar to that
of actual living being and are being utilized for various purposes. An example is Paro, a therapeutic
robot which is used to provide emotional support to patients in environments such as hospitals,
similar to that of animal therapy. They can communicate using an adorable voice, move their
bodies and blink their eyes like a living baby seal (Takanori & Kazuyoshi, 2012). Recent observation

1 Corresponding author.
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shows the market of robot is growing and therefore there may be a possibility for a market of
artifacts expressing a sense of being alive to grows in the future (“Robotics Growth Is about More
than Technology”, 2021). However, research related to a sense of being alive in the artifacts is
minimal, including the lack of suggestions on how to make the artifacts express a sense of being
alive.

What is the sense of being alive? How do humans feel a sense of being alive from the artifacts?
The present study aimed to clarify these questions by looking at the Japanese word Seimeikan,
which is closely related to the meaning of the sense of being alive. Seimeikan is a noun which is
an integration of the two Japanese words: Seimei which means life and Kan which means feeling.

Seimeikan appears in various aspects, such as robots, art, medicine, psychology, etc. In the
aspects of psychology, it is related to human perceptions of being, in which humanity does not
exist only within the individual, but also connects with external factors such as family, society,
and the nature of the universe (Koyasu et al., 2012). In terms of art, Seimeikan refers to the
feelings of irregularity and asymmetry, which reminds us of natural forms. For example, when
artists draw the form of mechanical artifacts such as bicycles, the shape of these artifacts can be
separated into geometric shapes. In contrast, a horse, a natural creature, is symmetrically
indivisible (Tachihara,1995). In addition, the Japanese art of arranging flowers, called /kebana,
brings out the feeling of naturalness and a sense of being alive to the spectator due to the flowers
being arranged independently with different lengths and orientations (Averill, 1913; Korenaga &
Hagiwara, 2004). Moreover, Seimeikan is also found to be related to a feeling of unpredictability,
when humans see something change suddenly without expectation, for instance, when seeing a
cockroach (Miura, 1996). These findings present multiple perspectives of Seimeikan. The present
study proposes the implementation of Seimeikan as a scale to evaluate human judgment of
objects or artifacts such as artworks or computer graphics, have lifelike expressions or are similar
to living things in one way or another. This evaluation is based on a human feeling, recognition,
or cognition about living things in their memory.

A previous research on expressing a sense of being alive with the focus on rhythms of flashing
light, sound, and changing form presented the influenced factors related to expressing a sense of
being alive (Witthayathada & Nishio, 2021). However, the previous research did not focus on
human decisions. Therefore, this research focused on both human decisions and motion graphics
factors based on artifacts and natural creatures. Then we aim to investigate factors affecting the
evaluation on a sense of being alive regarding artifacts composed of motion graphics. In this
study, Kansei engineering was employed as the analysis methodology. This method focuses on
the consumer-oriented methodology for effective product development and is defined as a
system which characterizes individual personalities depending on each individual, including
lifestyle, age, gender, and the environment. Kansei refers to humans' aroused sensations,
perceptions, feelings, and emotions that respond to stimuli. This methodology has played an
essential role in numerous Japanese industries for over twenty years (Nagasawa, 2002; Kato,
2010; Nagamachi, 1995).
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2 OBIJECTIVE

The purpose of this study was to investigate how motion is influenced the evaluation of sense
of being alive. The research objectives are as follows: (1) to find the influenced factors of
expressing a sense of being alive of the motion graphics based on the artifact, (2) to understand
the differentiation in evaluation between the participants’” decision making, and (3) to compare
between the motion graphic based on artifact and the motion graphics based on natural creature.

3 METHOD

3.1 Participants

23 native Japanese students (14 males and 9 females, mean age: 19.21 ) from Fukui University
of Technology participated in the experiment.

3.2 Motion graphics stimuli

18 motion graphics stimuli divided into two sets of motion graphics simulations namely,
artifacts (9 simulations) and natural creature (9 simulations) were prepared and used in the
experiment.

3.2.1. Motion graphics based on the artifact

9 types of simulation of a 2D circle with three levels (without, low, high) of motion attributes
such as displacement (Linear), sine curve and noise were prepared for the experiment. The design
specifications of each attribute are as follows:

Motion = Displacement (Linear) + Sine curve + Noise

1) The displacement means the linear displacement was only set in the X-axis in a unit of time
(1/60 seconds). Low values of the displacement make the circle move slowly, and high values of
the displacement make the circle move fast. For the Y — axis, this displacement was set as
constant displacement and speed . 2) Sine curve refers to a curve which caused by fluctuations
and represents in the regular smooth repeating waveform, and 3) Noise employs the Perlin noise,
which is a powerful algorithm used for creating virtual gaming environments with natural texture
and model in animations (Lagae et al., 2010; Smelik et al., 2010). Each component consists of
three different levels as low, high, and without the component (Table 1).

A total of nine experiments were carried out by using Taguchi's orthogonal array method L9
(9 tests, 3 variables, and 3 levels). This method used the process of decreasing the variation
(Woolf, 2021). Figure 1 displays the simulations created by the processing software, and version
3.5.4 (MIT Media Laboratory, USA). The appearance of the simulations was designed in a white
2D circle with a size of 30 x 30 pixels (Width x height). The 2D circle appeared on a black
background. The start points of the simulation were set at random and displayed in a size of 748
x 544 . The description of the attributes of each motion graphic is shown in Table 1.
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Figure 1.Example of the motion graphics based on the artifact with explanation of the motion attributes
with the directional arrows

Table 1. The combination of attributes with different levels for making the motion graphics

The attributes of the motion graphics
No. .
Displacement . .
. Sine curve Noise
(Linear)

1 High High High
2 High Low Low
3 High Without Without
4 Low High Low
5 Low Low Without
6 Low Without High
7 Without High Without
8 Without Low High
9 Without Without Low

3.2.2. Motion graphics based on the natural creature

The motion graphics simulations for the natural creature set were created based on the data
of fish locomotion (Figure2). In this study, the fish locomotion was selected because it is easier
for the participants to observe the displacement, speed, and acceleration of motion of fishes
compared to other living things. We used a camera to record the movement of Neon Tetra fish
and used Image J (The National Institutes of Health, USA) to track the fish motion and export the
two-dimensional (2-D) XY value to a .CSV file. Then, we used the processing software, which in
version 3.5.4, to create nine samples of the motion. The appearance of motion graphics and the
display size were produced the same as the simulation based on the artifact as described above
in section 3.2.1 (The motion graphics based on the artifact). The path of motion graphics based
on the natural creature showed that the dark color refers to slowly moving, and the light color
refers to moving fast.
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Figure 2. Example of the motion graphics based on natural creature with directional arrows

3.3 Procedure

The survey experiment was carried out for nine days from Oct 6th, 2021 to Oct 14th, 2021.
This experiment performed the questionnaires to ask the participants to rate the score of how
they feel a sense of being alive through motion, using the 5-point Linkert scale (From 1 = “Not
alive” to 5 = “Alive”), as shown in Figure 3. Before the experiment started, we introduced the
experiment’s purpose, explained the function of the survey interface, and told the participants
that there was no limitation time for the evaluation. The participants were asked to sit at a
distance of approximately 40 cm from a 15-inch monitor (MacBook Pro, Intel Core i7, 2.2 GHz, 16
GB) and then rate the score after watching the motion graphics. The questionnaire was designed
by the processing software, and version 3.5.4 (MIT Media Laboratory, USA). Processing software
was employed to collect the evaluation score and response time of the participants to each
motion graphics simulation.

Question : How do you rate the lifelikeness of the object ?

1 2 3 4 5
Not alive |} | | | | Alive

Figure 3. Questionnaire asking the participants to rate scores for 18 motion graphics

4 RESULTS

According to the objectives of this study, the experiment was performed to find how
participants feel a sense of being alive in the motion graphics simulations. This study employed
the analysis of variance (ANOVA) and a two-way ANOVA to investigate the evaluation of influential
factors in expressing a sense of being alive. Then, the cluster analysis was employed to classify
the motion graphic simulations into groups and to investigate the similarity and differentiation
of the each group.

4.1 Data analysis results of the motion graphics simulations based on the artifact

For similarity in evaluation tendency, cluster analysis was used for grouping the motion
graphics, and examining the similarity and differentiation of each cluster group. As a result, the 9
motion graphics simulations were classified into 3 clusters, which were A, B and C groups (Figure
4). The result showed group A consisted of the simulations with low and high noise. Group B
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consisted of the simulations without noise. Group C consisted of the simulations with low and
without displacement (Linear). The mean of score in group A was highest among the clusters
(Group A=3.59, Group B=2.37, and Group C=2.77).

The difference between the highest and lowest scoring groups was discussed as follows: group
A with the highest score consisted of the simulations with low and high noise. On the other hand,
group B with lowest score consisted of the simulations without noise factor. Therefore, noise was
noticed as an influential factor on participants’ evaluation of a sense of being alive. Motion
accompanied by noise might enable participants to feel a sense of being alive compared with
motion without noise, such as motion in repeated patterns as seen in machine operation. Natural
creatures expressed themselves in irregular motion, for example the movement of breathing
rhythms in the human body (Jerath, 2020).

Group A [%

Group B [2

4
GroupC-{ 7

9

6

Figure 4. Result of the cluster analysis generated the motion graphics in three groups

For the difference in evaluation tendency, there are no significant differences between males
and females with the feeling of expressing a sense of being alive regarding stimuli based on
artifact (The left side of Figure 6, (i)). The mean of the evaluation score of the simulations and the
standard deviation by gender were shown as follows: Male (2.97), and female (2.68).

For the three factors of the simulations (Displacement (Linear), Sine curve, and Noise), the
result of the analysis of variance(ANOVA) showed that the significant differences were detected
between without noise, low and high noise from the males (p < 0.05*), and females (p < 0.05*)
as shown in Figure 6, (iv).The finding in both genders indicated that without noise factor was the
lowest mean of score more than high and low. Moreover, the results showed that without noise
have a lower variation than low and high noise in the both male and female group as follows:
Male (Without noise: Mean =2.57,SD =1.1716, low noise: Mean = 3, SD = 1.3614, and high noise:
Mean = 3.36, SD = 1.3937), and female (Without noise: Mean = 2.30, SD = 1.0675, low noise:
Mean = 2.63, SD = 1.2136, and high noise: Mean = 3.11, SD = 1.1208).
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For Interaction effect of noise levels and evaluation on evaluation tendency, Figure 5 presents
a significant difference that can be seen between interaction effect of noise levels and evaluation.
The result of two-way ANOVA indicated a main effect of noise (p < 0.01**) and no significant
interaction effect between noise and gender, which was reported for the evaluation of the sense
of being alive as can be seen in Figure 5. According to the obtained results, the high and low levels
of noise positively correlated to the high evaluation score more than those without noise.
Furthermore, there was no significant interaction between displacement (Linear) and sine curve
factors with the evaluation of both genders From the finding, the noise factor was considered as
positive affected to participants feeling a sense of being alive.

5
— Male
. Female
4.
-
3
2

*

*%

High noise Low noise Without noise

Figure 5. Two-way analysis of variance was used to analyze the three levels of noise and the evaluation
scores for males and females. A significant difference was found as ** p < 0.01.
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(i) Two set of motion graphics simulations and mean rating score of male and female

(ii-iv) Mean rating of male and female with three factors of motion graphics simulations based on the artifact

(v) Mean rating of male and female with two set of motion graphics simulations

(vi) Mean rating score of all participants with two set of motion graphics simulations

(vii) Mean rating score of all participants with the motion graphics simulations from no.1 to no.18

(viii) Mean response times of all participants, and male and female with two set of motion graphics simulations
Figure 6. Results of evaluation. A significant difference was found as * p < 0.05 and ** p < 0.01

4.2 Data analysis results of the motion graphics simulations based on the artifact and natural

For comparison between two sets of the simulations, the result of the analysis of

variance(ANOVA) shows the significant difference between the artifacts simulations and the

simulations based on natural creature (p < 0.01**) (Figure 6, (vi)). We considered that the

motions of artifacts simulations were in repeated paths. On the contrary, the simulations based

on nature were moved in irregular paths. The repeated path might be affected by the

participant’s ease of memorizing and predicting, but the irregular path might cause the

participants to have unexpected feelings.

22



KEER 2022 | 9TH INTERNATIONAL CONFERENCE ON KANSEI ENGINEERING AND EMOTION RESEARCH 2022

For difference in evaluation tendency, the finding shows no significant differences between
males and females with the evaluation of motion graphics simulations based on the natural
creature (The right side of Figure 6, (i)). The result of artifacts simulations shows that the average
of male evaluation scores were higher than females (Male =2.97, and female =2.68 ). In contrast,
male evaluation scores were lower than females in the simulations based on the natural creature.
The mean for each gender and the simulations based on natural creature (Male =3.97, and female
=4).

This study investigated the variation in participants' rating score, the finding of the simulations
based on the artifact and natural creature was shown that differentiation of the variation
between males and females. The finding showed that males ‘evaluation was more varied than
females as follows: The evaluation of simulations based on the artifact: Male (SD = 1.3414 ), and
female (SD = 1.1707). In addition, the evaluation of simulation based on natural creature: Male
(SD=1.1861) ,and female (SD = 1.1067). This results indicated that the female evaluation score
was more cohesive than males. It could be considered that male may be more confused in their
decision-making than females.

For comparing between gender response times, females’ response time to all simulations was
longer than males (p < 0.01**) as can be seen in the left side of Figure 6, (viii). The results
presented that female participants tend to take longer to rate than male participants. According
to the obtained data, we looked at the differentiation between males and females and found that
males do not think as complexly as females. Females are superior in carefulness and
thoughtfulness more than male (Lewis, 2013; Mawaddah et al., 2018).

4.3 Cluster analysis of all motion graphics simulations

The cluster analysis was conducted. As a result, the 18 motion graphic simulations were divided
into 2 clusters, A and B groups (Figure 7). The result indicated that group A mostly consisted of
the simulations based on the natural creature. Two artifact simulations in this group were
simulation no.1, and no.2. The attributes of simulation no.1 were high displacement (Linear), high
sine curve and high noise. Simulation no.2 consisted of high displacement (Linear), low sine curve,
and low noise. Group B contained only the simulations based on the artifact. The mean score in
group A was higher than group B (Group A=3.91, and Group B=2.65).

From the finding of group A and group B, we discussed the differentiation between the high
and low scoring groups. Group A with higher score mostly consisted of the simulations based on
natural creature, and group B with lower score consisted only of the simulations based on artifact.
According to the obtained result of group A, it is considered that simulations no. 1 and 2 were
classified in this group because their attributes were similar to the simulations based on nature.
Both simulations no. 1 and 2 consisted of low and high noise and this noise factor was found to
positively affect participants feeling a sense of being alive. Therefore, it might be possible to make
the artifact simulations express a sense of being alive similar to the simulations based on nature
by employing the noise factor.
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Figure 7. Result of the cluster analysis generated all motion graphics in two group

5 DISCUSSION AND CONCLUDING REMARKS

The present study aimed to investigate how motion is influenced the evaluation of sense of
being alive. The findings of the study presented that the noise factor affected the feeling of a
sense of being alive of participants according to the result of simulations based on artifacts (Figure
5). The simulations with low and high noise were significantly found to be different from those
without noise (Figure 6, (iv)). High and low noise factors were found as correlated with the
positive feeling of a sense of being alive. On the other hand, the motion without noise factor
correlated to the negative evaluation scores. The importance of noise factors in expressing a
sense of being alive is found in this study and may benefits future researches relating to a sense
of being alive. Displacement(Linear) and sine curve factors had no influence on the participants’
evaluation. Comparing between the simulations based on artifact and natural creature, there
were significant differences between the two sets of simulations as can be seen in Figure 6, (vi).
The simulations based on natural creature got the highest-rated scores more than the simulations
based on the artifact. However, two artifact simulations were classified in the same group with
the simulations based on natural creature from the cluster analysis (Figure 7). These two
simulations consisted of low and high noise. For gender factors, there was no relationship
between gender and expressing a sense of being alive in the artifacts. Furthermore, it was
observed that female participants tend to take longer to rate than male participants (Figure 6,
(viii)). Understanding the differentiation of participant background might impact developing the
artifacts that can express a sense of being alive in the further study. Implementing Seimeikan ,the
sense of being alive might give the audients get the new experiences of motion graphics.

6 LIMITATIONS AND FUTURE STUDY

1) Future study will examine the differentiation of the noise level effects on expressing a sense
of being alive of motion and increasing the wide-ranging of the motion attributes. For example,
we consider adding different noise levels in the more diverse motion, such as linear motion or
circular motion with various kinds of noise, etc. In this current study, we produced the simulations
based on the natural creature, which did not show the variables. The future study aims to produce
all of the simulations with the variable for finding the differentiation and similarity of the each
variable. 2) Performing the various simulations shape, such as the shape were in small, medium,
and large size. 3) The size of the participants needs to increase. Moreover, we will consider
balancing the numbers of male and female participants for efficiency in finding gender differences
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in decision making. In addition, we plan to ask the participants from different backgrounds—for
example, the participants who had any experience working in the design field compared to the
participant who never had the experience, including asking the participants from different
nationality backgrounds. 4) This study has only one evaluation asking whether the participants
felt a sense of being alive or not. The future study will increase the number of evaluations and
explore the words that have similar meanings with Seimeikan for considering more evaluations in
the experiment. 5) Employing the Self-Assessment Manikin (SAM) to measure the participants’
emotional state. This study is also supposed to ask participants from different nationalities due
to the Self-Assessment Manikin is a non-verbal pictorial assessment technique (Bradley & Lang,
1994).
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ABSTRACT

It is well known that human sensitivity to color and expressive ability varies with age and
gender. In addition, the perception, understanding, and comprehension of color vary according
to developmental stage and color-related experiences. This study is one approach to research to
clarify the relationship between such "sense of color" as above and the developmental stages of
children.

In this study, the coloring behavior of teenage subjects; elementary school, junior high school,
and university students, to coloring book images were investigated using iPads. The
characteristics of coloring and color schemes used in the coloring books were analyzed to explore
the relationship with the developmental stages of the children. The coloring book images,
mandala-like patterns, used in the investigation were designed originally based on some
preliminary investigations. In addition, the original palette of colors systematically arranged in
hues and tones was specified to quantitatively analyze the characteristics of the colors used in
the coloring book.

The results showed that the hues of colors used with high frequency in coloring books changed
as the developmental stage progressed and that the range of tones by the combination of
saturation and lightness widened.

1 Corresponding author: asano.chie@s.hokkyodai.ac.jp
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It was also found that the color schemes were simple and easy to understand at younger ages,
while the complexity of the color schemes increased as the children grew older.

Keywordss: developmental stages, color sense, color scheme, coloring book, color universal design

1 INTRODUCTION

In our recent studies, the methods have been examined to clarify the relationship between
children's developmental stage, gender, and other factors and their "sense of color," taking into
account their ability to understand and grasp colors, including color placement, as well as their
experience and expressive ability (Muraki Asano et al., 2020). Based on the study, our research
has been carried out to establish a school environment for "color universal design", taking into
consideration that factors related to the formation of color vision in children include perceptual
experiences during the growth process, color preferences due to psychological factors, and
individual color vision characteristics (Atobe, 1992; Saito et al., 2010).

In this study, we carried out some surveys of elementary school students through university
students to clarify the characteristics of color sense, color scheme, and design at each
developmental stage, taking the following points into consideration. Thatis, these characteristics
are probably tightly related to the sensory experiences (perceptual experiences) in the living
environment. In this study, the same iPad coloring book method as in our recent study (Muraki
Asano et al., 2020) was used.

The coloring books employed the design with as low concreteness as possible to avoid
preconceptions in this study. Therefore, we analyzed the results as design characteristics,
assuming that each image was intentionally constructed while arranging the colors. Furthermore,
the purpose of this study was to use the findings of this research as an indicator that can be
utilized to create a comfortable color environment for various life situations and spaces in the
educational field.

2 METHOD

The method of this study was carried out in the following two phases.

2.1 Preliminary examination

The first phase was intended to determine the design, the color palette to be used for coloring,
and the amount of coloring time per child.

Based on the mandala-type design, which is a design with patterns within a circle, used in the
previous study (Muraki Asano et al., 2020), four new designs were devised to elicit free ideas from
the children in order to investigate their color sense, color scheme, and design. The four designs

nn

are: "a circle with curves all facing in one direction," "a circle with curves facing in opposite
directions for each layer," "a circle with straight lines all facing in one direction," and "a circle with

straight lines facing in opposite directions for each layer," respectively.

28



KEER 2022 | 9TH INTERNATIONAL CONFERENCE ON KANSEI ENGINEERING AND EMOTION RESEARCH 2022

To select one of these designs to be used in the next phase; the main examination, we
conducted a two-step preliminary survey of 20 respondents (university students) as follows:

First step: The respondents were presented with the above four designs and asked to answer
a questionnaire concerning the names of objects and words that come to mind when they see
the designs and the time required to fill in the forms. As a result, it became clear that straight
lines are more abstract and geometric than curved lines, so we decided to use two types of
straight lines (Figure 1) for the coloring pages in the preliminary survey (Design a and Design b).

Design a Design b

Figure 1. Two presented designs for coloring books focused on the preliminary examination.

Second step: A coloring investigation using iPads was carried out on the respondents. At the
same time, we conducted a questionnaire about the coloring book. The color palette used
consisted of the 113 colors proposed in the study as mentioned above, with color symbols
attached. The actual colors of the color palette are shown in Figure 2. These colors were obtained
by systematically varying the colorimetric values. (The application used for creation was ibis Paint
X). The coloring time was limited to 2 minutes.

The results show that a higher percentage of the respondents answered that the image of
Design a was more likely to precede the coloring of Design b. Therefore, Design b shown in Figure
1, was selected as the final design for this study. In addition, since no problems were found with
the number of colors in the proposed color palette, it was decided to adopt it. However, the
survey time was changed to 3 minutes based on the results of the questionnaire.
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Figure 2. Suggested color palette.

2.2  Main examination

The respondents of the main examination were a total of 187 students (95 males, 92 females),
including as follows: 63 fifth-grade students at Hakodate Elementary School attached to the
Hokkaido University of Education, 103 third-grade students at Hakodate Junior High School
attached to the Hokkaido University of Education, and 21 second-year students at the Hokkaido
University of Education Sapporo. Survey period: October to December 2020. The designs used in
this study, the color palette, and the amount of time spent coloring per student were as indicated
in the preliminary survey described above.

In analyzing the results of this study, a total of 180 respondents (92 males and 88 females),
excluding those who painted colors other than those in the specified palette, were considered
valid responses and were included in the data analysis.

The results of the previous study, conducted at Sapporo Elementary and Junior High Schools
affiliated with the Hokkaido University of Education, were used for comparison and discussion
with the results of this study.

3 RESULT

Figures 3(1)-(3) show a summary of the number of respondents who used each color of the
palette for coloring by developmental stage. From these results, the colors of the original palette
in this study are represented by hues and tones that are close to each other on the PCCS color
system and are summarized and analyzed as frequently occurring hues and tones by
developmental stage in Figures 4(1)-4(3). This analysis shows that elementary school students
frequently use cyan, yellow, and red hues, and that the most frequently used tones are mainly in
the bright and clear color groups. The junior high school students showed the same hue
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frequency as the elementary school students, but their tones were more dispersed than those of
the elementary school students, with the appearance of intermediate colors and dark purplish
colors. The hues were more dispersed among university students, and the tone, p (pale), was less
frequent than in the other developmental stages.

70% (1) Elementary School Student

(2) Junior High School Student I

Frequency of use
n
3
K3

pll
pl3
pl5
pl7
w
mGy
Bk

(3) University Student

Color Symbols in the Suggested Color Palette

Figure 3. The number of respondents who used each color of the palette by developmental stage.

(1) Elementaryschool students/“'83

.f"[. a

(2) Junior high school students,

~,

L

(3) University students

Figure 4. The number of respondents who used each color of the palette by developmental stage.
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Hierarchical cluster analysis was conducted on the color position data and CIE L*a*b* values
for the coloring book designs, applying the Ward method to the distance between the data. The
results are shown in Figure 5 as a dendrogram.

Figure 6 shows the frequency of occurrence of each developmental stage in each of the eight
clusters when divided by height=1000. The second cluster is the most common for all
developmental stages, while elementary school students are in the fifth cluster, junior high school
students in the third cluster, and college students in the first and second clusters. A comparison
of the color scheme and design of the coloring books in each cluster revealed differences not only
in hue and tone characteristics by developmental stage but also in color placement tendencies.

In various places and facilities in daily life, there are spaces and signs with color schemes that
are difficult for children with a diverse color vision to identify (Mizunoya et.al, 2009). This is the
same problem that remains even in today's schools, where "color universal design" has been
taken into consideration, and it is pointed out that it hinders children's learning. These results
indicate that there is a need to reduce these problems and to structure the color scheme and
design of teaching materials, teaching tools, and displays so that all children can learn easily.

g_

Height

Figure 5. The dendrogram by the Hierarchical cluster analysis and Cluster No.
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Figure 6. Frequency of each developmental stage in each cluster.
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4 SUMMARY

This study shows that, in the elementary school age group, the influence of colors frequently
seen in daily life was significant in the process of forming a sense of color. However, as the
developmental stage increased, the range of interest in both hues and tones gradually diversified.
Furthermore, elementary school students did not show any significant differences in coloring and
design tendencies among individuals, and the results of all coloring pictures were similar in
design. In contrast, junior high school students showed a great variety in design, which may be
related to the fact that they begin to have their own sensitivities and preferences as they reach
adolescence. College students tended to use a greater variety of colors, while there was less
diversity in color patterns, and they tended to use gradations or some other regularity in the
arrangement of colors.

Based on the results of this study, we are making suggestions for educational environments
from the viewpoint of how colors used in daily life can be combined and designed to be more
effective. For example, we propose the following as basic suggestions; for younger children,
consider the diversity of color vision and avoid color schemes that are difficult to identify as much
as possible, color schemes should take into account the unique aspect of preference or seasons
of the regions they come into contact with on a daily basis; and for adolescents, while considering
the diversity of sensibilities, keep in mind color schemes that have a clear purpose for puberty
students, color schemes should be designed with a clear objective in mind, while taking into
account the diversity of sensibilities.

ACKNOWLEDGEMENTS

This research was partly financially supported by JSPS KAKENHI Grant Nos. 19K12692,
21H04342 and 22K03202.

REFERENCES

Atobe, R. (1992). Color of Environment -Part 2: Color Benefits in Creating a Rich Environment,
Journal of the Japan Society for Finishings Technology, 4(10), 20-27

Mizunoya, T. et al. (2009). A Study of Color Design for Children's Long Staying Space: Research on
Color Planning for the Children's Wards, Journal of the Color Science Association of Japan, 33
supplement, 50-51

Muraki Asano, C. et al. (2020). Study on the Relationship between Children's Growth Phase and
Color Sense - Based on Coloring Pictures using iPad, Journal of the Color Science Association of
Japan, 44(3 supplement), 279-282

Saito, H. et al. (2010). The impression differences in color vision characteristics, Journal of the
Color Science Association of Japan, 34 supplement, 56-57

33



KEER 2022 | 9TH INTERNATIONAL CONFERENCE ON KANSEI ENGINEERING AND EMOTION RESEARCH 2022

34



KEER2022, BARCELONA, SPAIN | SEPTEMBER 6-9 2022 <=2320
9TH INTERNATIONAL CONFERENCE ON KANSEI ENGINEERING AND EMOTION RESEARCH 2022 -

doi: 10.5821/conference-9788419184849.04

A STUDY ON THE RELATIONSHIP
BETWEEN DECISION-MAKING SPEED
AND KANSEI THROUGH DATA
VISUALIZATION

Midori SUGIHARA*?, Tomiya KIMURA®, Tetsuya TOMA®

@ Keio University, Japan, m.sugihara@keio.jp
b Keio University, Japan, kimura@keio.jp
¢ Keio University, Japan, t.toma@sdm.keio.ac.jp

ABSTRACT

Data visualization is the processing of data, directed at a person, content, and purpose, to
simplify decision-making for the person. In practice, does data visualization affect people's
decision-making time? In this study, we formulate questions using tables and graphs for three
data groups, with varying amounts of information. Twenty subjects are asked to answer the
guestions from least to most of information, and the time taken to answer them is measured.
Following the experiment, the attributes of the subjects, including gender, age, occupation are
obtained via a questionnaire. The experiment reveals that as information increases in the tabular
format, the answering slows proportionally. In contrast, in the graph format, the responses do
not slow down proportional to the increase in information. The relationship between the subjects’
attributes and the speed of answering is determined and some significant differences are found.
Six patterns of relationship between the answering time for the tables and graphs are obtained.
Subsequently, the relationship between these attributes and “change of flow from data to action
(hereinafter called “the decision-making process”)” are examined in Kansei engineering, and the
data visualization is found to be potentially effective at speeding up the decision-making process.

Keywords: data visualization, decision-making, judgement, visualization
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1 INTRODUCTION

In the past 20 years, the amount of information produced by humans has accelerated, and is
believed to have increased 5,000 times (Japanese Ministry of Economy Trade and Industry, 2011).
Companies that can analyze the information, decide based on that data, and quickly perform a
plan-do-check-act (PDCA) cycle can advance further. Data visualization is used to represent
information using computers to create appropriate and effective graphs and charts. It is designed
to speed up the PDCA cycle by simplifying decision-making for viewers. It does so by becoming
aware of people and purpose (Berinato, 2016). Particularly in business, data visualization is a
powerful tool for decision-making. The purpose of this study was to determine how decision-
making speed changed when using data visualization; how much it changed when more
information was available. Also it aimed to verify whether the speed is related to attributes, such
as gender, age, occupation, and academic background, etc. We used multivariate analysis of the
data to arrive at conclusions (Blocher et al., 1986). Finally, we considered the influence of data
visualization on human decision-making speed and sensitivity, according to the decision-making
process (Shiizuka, 2011) proposed in Kansei Engineering.

2 LITERATURE REVIEW

Business intelligence (Bl) has emerged as a system that collects data and makes them visible
and understandable to people. Additionally, it is a system that creates support information for
decision making for a variety of user applications (Jones, 2011). As an executive information
system, the Bl tool is a system wherein information is visualized for being easily understood by
management (Lauer & O'Brien, 2020). It collects raw data and transforms it into valid information
to drive enterprise business performance and provide strategic, tactical, and operational insights
for decision-making. (O'Brien & Lauer, 2018). Applying data visualization to the output of Bl tools
in the form of tables and graphs, and to make them more understandable to subjects can have a
significant impact on decisions (Moere et al., 2012). The format in which the graphs are displayed
may be recognized to affect decision-making (Borkin et al., 2013; Dragicevic & Jansen, 2018; Lee
et al., 2019). It has been shown that compared to plain text, graphs help make better use of
obtained information and grant deeper insights (Iwatsuki, 1998). Graphs enable the construction
of an adequate situation model and facilitates understanding text-comprehension (Iwatsuki,
2006). In addition, the visual embellishment of tables and figures has a significant and positive
impact on the speed of memory recall as people judge when tables and figures are embellished
(Borgo et al., 2012). In Kansei engineering, with respect to the decision-making process, it
proceeds in the following sequence: data, information, knowledge, wisdom, and action. When
the user receives consolidated information and integrates information in his or her mind and
deeply understands the knowledge, the knowledge becomes wisdom, which results in the final
action (Shiizuka, 2011). There are several studies on how people make decisions when purchasing
products (Ishida et al., 2005), and what kind of images in advertisements motivate people to
purchase goods (Tsuchiya et al., 2003). However, few experiment has quantitatively shown how
graphs and charts affect the speed of human decision-making. Also studies on the relationship
between decision-making speed and attributes of human have few performed.
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3 METHODS

The experimental process is shown in Figure 1. Subjects were asked to answer questions
containing tables and graphs. Herein, the questions with data visualization are referred to as
graph format, and those without data visualization as tabular format. The primary data of the
question had one column, the secondary data two columns, and the tertiary data three columns.
As the number of columns increased, the amount of information increased, and so did the
difficulty level (Figure 2). The durations to answer the questions were measured. There were 20
guestions of the primary and the secondly and the tertiary were each 10 questions in all.

Tabular Format H Graph Format

Questionnaireand
Interview

Grouping

Graph Format H Tabular Format

Figurel. Experimental process

Primary Secondary Tertiary
L Building lot Employee Grade level  Satisfied Normal Dissatisfied
Table s size(ha name May June 1st 20 5 1
A 160.7 A 11 10 2nd 25 6 4
g 19;.2 2 éf 197 3rd 21 8 1
5 aec 5 5 20 4th 18 22 0
5th 18 13 8
B 178.8 E L 17 6th 14 10 12
F 90.5 F 8 15
Building lot size Number of contracts for 2 months
Graph :

0 %
s
»
»
o £
0.0 °
A B c D E F o

s s ¢ o ot ¢

District

Figure 2. Example of questions in tabular and graph format

The questions in the experiment were designed to be answered by those with arithmetic
knowledge up to elementary-school level (according to the elementary-school curriculum
guidelines set by the Ministry of Education, Culture, Sports, Science and Technology of Japan). An
example question was provided at the beginning of the question text, so that all the subjects
could answer. The subjects were divided into 2 groups. Group A answered the questions first in
tabular format, and then in graph format. Group B answered the questions first in graph format,
and then in tabular format. After the experiment, the subjects were presented with a
questionnaire, and interviewed to analyze the relationship between the speed of answering
duration and attributes. Twenty-two subjects participated in the experiment, but 2 subjects had
incomplete experimental data. Therefore, data from 20 subjects were included in the study (Table
1).
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Table 1. Subject list (*two subjects excluded due to inadequate data)

Group No. of subject Gender Age Occupation b:iligpc:ﬁd Final education
A 1 F 40s  Self-employed n Senior high school
A 2 M 40s Executive % University
A 3 M 20s Student n University
A 4 F 20s Unemployed n University
A 5* M 30s  Self-employed n University
A 6 M 30s  Office worker n College
A 7* M 30s  Self-employed n Senior high school
A 8 F 30s  Office worker n University
A 9 M 30s  Public servant n University
A 10 M 30s  Office worker % University
B 11 M 40s  Office worker y Graduate school
B 12 M 30s  Office worker n University
B 13 M 20s  Office worker n Graduate school
B 14 M 30s  Self-employed n University
B 15 M 30s  Self-employed n Senior high school
B 16 F 30s  Office worker n Vocational school
B 17 M 50s  Self-employed n Senior high school
B 18 F 30s  Office worker n University
B 19 M 30s Free lance n University
A 20 M 40s  Office worker y Graduate school
A 21 M 50s  Office worker n Graduate school
B 22 M 20s  Office worker n Graduate school

4

RESULTS

Each subject’s average duration of answering were summarized.

4.1

Speed results for answering

As described in the experimental process, we considered the counterbalance for the 2 groups
that affects the answering time. Subsequently, non-parametric tests were conducted to analyze
the 2 groups and answering durations. The results revealed that the asymptotic significance
probability (two-sided) was 0.254, which implied that the order of answering the questions did
not affect the answering duration. This confirmed the validity of the experimental method.
(Tables 2 and 3). The speed of answering was categorized according to the amount of information
and the format, such as the primary table and primary graph, etc. The changes in the average
duration of answering are presented in Table 4 and Figure 3. As the amount of information
increased from primary, to secondary to tertiary, the difference in answering durations increased
between tabular and graph formats.
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Table 2. Changes in average time to answer per question for the 2 groups (Table =T, Graph = G)

Primary Primary  Secondary  Secondary

Format Tertiary (T)  Tertiary (G)

(M (G) (M (G)

Average time to 47 38 13.2 6.4 19.2 7.5
answer of group A

Average time to 49 3.4 10.2 6.2 15.4 6.7

answer of group B

Table 3. Test statistic as related to two group and response time

Test statistic Average time taken to answer

the asymptotic significance 0.254

a. Grouping variables: Experiment order

Table 4. Changes in average time to answer

per question ( Table=T, Graph=G) B} *Table = Graph
T G
Primary 47 38
Secondary 12.2 6.6 ? o '
Tertiary 18.1 7.4 %}” * . - :
. - !

Figure 3. Changes in average answering time

4.2  Results of questionnaire and interview

A total of 13 questions were presented, including gender, age, occupation, type of business,
type of work, previous work experience, final education, background is technical or not, whether
they had studied how to create graphs and charts in the past, whether they used graphs and
charts in their daily lives, which ones they often used, and their feelings about the experiment.
Subsequently, the factors influencing the speed or duration of answering was investigated. First,
non-parametric tests were conducted to analyze factors, such as gender, age, occupation, and
answering time. The result was not significantly different from the answering time, except for the
level of difficulty and question format (Table 5). No significant difference was found for
occupation, but there was a significant trend. Next, a two-way analysis of variance (ANOVA) was
conducted to examine the interaction between the significant differences in answering duration.
As shown in the non-parametric test, significant differences were found between difficulty,
method, and interaction (Table 6). However, as we observed a large change in answering time
between company-executive, self-employed, and other occupations, we decided to create a new
column called “Occupation 2” and perform the test again. In Occupation 2, all occupations except
company-executive and self-employed were classified as other. The results exhibited a weak
correlation (Table 7).
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Table 5. Non-parametric test analysis of questionnaire items

Factor p value
Gender p=0.626
Age p=0.129
Technical p =0.970
Final education p=0.202
Occupation p=0.67
Difficulty p = 0.000
Format p = 0.000

Table 6. Two-way ANOVA results for the interaction difficulty with formality and job type

Factor p value
Difficulty p =0.000
Format p =0.000
Occupation -
Difficulty*Occupation p=0.662
Difficulty*Format p = 0.000

Table 7. Two-way ANOVA results for question difficulty for occupation 2

Factor p value
Difficulty p =0.000
Occupation 2 p=0.526
Difficulty*Occupation 2 p =0.083

Although this is only a trend, as the amount of information in the tabular format increased, the

response duration increased proportionally. However, in the graph format, the duration did not

increase proportionally with increase in the amount of information. With such an increase and

compared to others, company-executive and self-employed subjects showed greater differences

in response durations between tabular and graph formats. In a follow-up interview, the company

executive and the self-employed person were asked why it took them longer to answer the

questions in tabular format than in graph format. The self-employed said, “Because | keep

accounting books, | dared to be calm and took my time with the numbers in the tabular format.”

and the company executive said, “In the case of the tabular format, | looked at all the lines to

avoid answering the questions incorrectly.”
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4.3  Question format and response-time patterns

The answering durations of the 20 subjects were analyzed according to the question format

and difficulty level. The results showed 6 patterns (Table 8, Figure 4).

Table 8. A-E grouping factors and applicable subjects

Time to answer from Time to answer from Applicable
Pattern Format . . .
Primary to Secondary Secondary to Tertiary subject number
Table Become longer Become longer
A-1 9, 15,17, 21, 22
Graph Become longer Become longer
Table Become longer Become longer
A-2 11, 18, 19, 20
Graph Become longer Become longer
Table Become longer Become longer
B 1,6,12,13,14
Graph Become longer Become shorter
Table Become longer Become longer

C 2,8,10
Graph Become shorter Become longer

Table Become longer Become shorter
D 3,4
Graph Become longer Become longer

Table Become longer Become shorter

Graph Become shorter Become longer

l Blue arrow: Tabular format ] ‘

Orange arrow: Graph format ‘

Pattern A-1 Pattern B

Pattern A-2

b H ci
! i I°H
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o \,
H i gl
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/
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to Tertiary
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Figure 4. Variation of the answering time for groups A-E according to question format and difficulty

level

First, Pattern A revealed that as the amount of information increased, answering duration
increased steadily in both, tabular and graph formats. In Pattern A-1, the difference in the
duration from secondary to tertiary between the tabular and graph formats was larger than from
primary to secondary. Five subjects belonged to this group. Pattern A-2 also exhibited a steadily

41



KEER 2022 | 9TH INTERNATIONAL CONFERENCE ON KANSEI ENGINEERING AND EMOTION RESEARCH 2022

increasing response duration, but its difference from secondary to tertiary order of tabular
formats was smaller. It included 4 subjects. In Pattern B, the duration increased steadily in the
tabular format, but in graph one, it decreased as the information increased from secondary to
tertiary. This included 5 subjects. Pattern C revealed an increasing duration in the tabular format,
but a decreasing one in graph one, only for the first- and second-order questions. This included 3
subjects. Pattern D involved a tabular format, in which the answering duration shortened with
increase in information amount from secondary to tertiary. However, in the graph format, the
duration increased for both, primary-to-secondary and secondary-to-tertiary, as the time
increases steadily. This included 2 subjects. In Pattern E, including 1 subject, the answering
duration shortened with increase in information, from secondary-to-tertiary order in tabular
format. However, in graph format, the response slowed from secondary-to-tertiary order. Non-
parametric tests were conducted to analyze the relationship between attributes of subjects and
6 patterns. There was significant difference in graphing experience only in pattern A-2. In others,
the difference was not significant in terms of the p-values for attributes (Table 9).

Table 9. Significant differences for Patten A-E group *Pattern E is excluded because of one subject

Pattern Gender Age Occupation Technical BE?:E;?:S: d ef;?:;:cge
A-1 - - 0.39 0.59 0.39 -
A-2 0.83 - 0.059 0.056 - 0.04
B 0.63 - 0.289 - 0.472 0.982
C 0.63 0.86 0.86 0.63 - 0.188
D 0.83 - - 0.83 - 0.83
5 DISCUSSION

The results of the experiment indicate that the decision-making speed, when looking at data in
tabular and graph formats, may be related to occupation. Six patterns of response duration of 20
subjects were analyzed according to the question format and difficulty level. Next, we discuss the
relationship between data visualization and the decision-making process (Shiizuka, 2011). Data
change into information when they are organized into a meaningful form, presented in an
appropriate method, and transmitted within their surrounding context. Data is delivered to a
receiver by a sender, through visual information with graphs as a meaningful form. That
establishes communication by explicit knowledge. Data visualization shortens the interpreting
duration, thus potentially speeding up the transition from knowledge/wisdom to action and
enabling decisions. This is represented using the decision-making process, where the x-axis is the
Subjective and the y-axis is the Objective (Shiizuka, 2011). In addition, the z-axis is the rate of
progress to decision-making. The length of the line is the time taken. The green line indicates the
movement with data visualization, and the red line indicates the movement without it (Figure 5).
When data visualization is utilized, the progress from data to information is linear, as opposed to
the progress without data visualization. When entering the non-verbal area from information, it
takes much time to understand the information if there is little visual information, such as in a
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tabular format. However, the graph format processed by data visualization facilitates decision-
making by stimulating the five senses that make knowledge and wisdom function. It suggests that
subjects’ take less decision-making time when they see graphs processed by data visualization.
Thus, data visualization effectively speeds up the decision-making process. For example, a
company's management must make optimal decisions considering various factors with
knowledge and wisdom. Therefore, to make data actionable quicker, despite the recent enormity
of information, we believe that visual stimulation will be effective (Figure 6). Subsequently, we
examined the relationship between each flow and data visualization on the receiver side in the
non-verbal area. In this study, since the subjects were only allowed to choose their answers from
the questions, there was no difference in the action. Therefore, change in response duration was
defined as the action. We confirmed 6 patterns of Kansei among the 20 subjects. When analyzing
their answering times in tabular and graph formats, with increasing amount of information, we
could not find significant differences among the 6 patterns. As Shiizuka states, this could be
because knowledge and wisdom are acquired by each individual before proceeding to action and
they overlap as a spectrum (Shiizuka, 2011). Therefore, it was difficult to isolate and identify a

single component

Objective
A

Data

Positive Factor
Technological advancesias is/To be)
Data visualization(to be)

faster e
L Data

visualization

Informaton

Knowledge

Ratio of progress of

decision-makin, Wisdom

Speed of Decision-Making

slower

Information §rowth
Subjective (As is/To be

Negative Factor

Figure 5. Change flow from data to action Figure 6. Data visualization driving speed of
(decision-making) with the rate of progress of decision-making

decision-making added as the z-axis

6 CONCLUSION

In this study on the relationship between data visualization and answering time, the following
conclusions were drawn. As the amount of information in the graph format increases, the
answering time does not increase proportionally. The relationship between the decision-making
process and data visualization revealed that: the graph format with data visualization shortened
answering duration towards “information” directly; the rate of progress of decision-making, from
“knowledge” to “action”, was accelerated by data visualization; and 6 patterns of durations
emerged. The patterns were defined as Action and analyzed. It revealed no significant difference
between subjects attributes and the 6 patterns due to the spectrum. In future, we can increase
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the sample size, ask each subjects to repeatedly answer different questions, and examine the
attributes in more detail.
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ABSTRACT

In response to the post-epidemic relationship and other factors, the number of students who
transfer from abroad is increasing daily. The timing and reasons such children return to their
hometown to study nowadays are extremely diverse, often appearing in the floating population,
emergencies, and individual cases.

At present, more and more "international transfer students" appear in the education system

of their hometown and home country, and they are facing great difficulties in academic and
interpersonal relationships. Because of their lack of language skills, such children cannot
successfully integrate into the education system after returning to their hometowns. In order to
protect students' learning rights and avoid becoming "guests in the classroom," this study starts
from the social and cultural context of toys among elementary school children; Analyzed and
explored their cultural background through evaluation constructs, user journey maps,
questionnaires, and applied grounded theory in qualitative research, as well as their emotional
ups and downs during the game. Explore objects' meaning and relationships represented in the
social culture of children to explore the emotional motivation of school children and the
preferences of product modeling. It aims to understand the relationship between personal
emotional fluctuations, environmental and behavior of use, hoping to create more possibilities
for future curriculum development and toy design. This study adopts between-subjects design to
investigate the acceptance level and psychological experience process of 120 elementary school
children in the process of experiencing the interactive integration of toys into learning. Among
them, 60 students are Eastern Asians and 60 are Western foreign students. Interview and record
analysis. And from the popular toys on the e-commerce platform on the market, 20 items were
screened out one by one for the classification of interactive toys and experience, integrated into
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the research and investigation of these 120 elementary school children, observed and recorded
through questionnaires and interviews.

Keywordss: international transfer students, Evaluation constructs, Experiential Value, Grounded
theory, Children's DISC Behavioral Patterns Test Form

1 INTRODUCTION

Due to the post-epidemic and other factors, more and more children of new residents in
Taiwan have flowed into the education systems of Taiwan and other countries due to family
factors. Because of their lack of Chinese language ability, these children of new residents have to
deal with schoolwork and interpersonal skills when they return to Taiwan. Relationships are
greatly challenged.

These students are usually demoted or entered into tutoring classes because their Chinese
proficiency cannot keep up with the students of the same grade. However, in Taiwan's teacher
training system, there is a lack of teaching training specifically for teaching students whose native
language is non-Chinese. Therefore, for teachers, communication problems often lead to a sense
of helplessness in teaching; For students, the unfamiliarity and communication barriers brought
by Chinese often make them anxious about learning Chinese. The purpose of this study is to
explore the communication strategies, cultural contexts, and the factors that affect the
interaction patterns and backgrounds of primary school children from international backgrounds
when interacting with local primary school children in toy games.

This study adopts between-subjects design to investigate the acceptance level and
psychological experience process of 120 elementary school children in the process of
experiencing the interactive integration of toys into learning. Among them, 60 students are
Eastern Asians and 60 are Western foreign students. Interview and record analysis. And from the
popular toys on the e-commerce platform on the market, 20 items were screened out one by one
for the classification of interactive toys and experience toys, and integrated into the research and
investigation of these 120 elementary school children, observed and recorded through
guestionnaires and interviews. The type of curriculum that can be designed in the future, and
how to use what type of toys to integrate the learning process of East Asian students and Western
cross-cultural students.
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Figure 1. Classification of interactive toys and experiential toys

1.1 Research background and purpose

With the wave of globalization and the rise of regional economy, transnational population
migration has become a common trend and phenomenon in all countries, and Taiwan is no
exception. The trend of population migration also appears.

According to the statistics of the Taiwan Immigration Department of the Ministry of the
Interior, the number of foreign residents in Taiwan in 1981 was only 44,441, and in 2010 it had
reached 671,375. In this wave of international migration, in addition to the introduction of foreign
workers, China has also launched an era of frequent cross-border and cross-strait intermarriage.
According to statistics from the Immigration Department of the Ministry of the Interior, as of the
end of 2010, there were 521,136 new residents. The number of second-generation children has
exceeded 380,000, and the number of new resident families in Taiwan is considerable, which
shows that Taiwan has transformed into a multicultural immigrant society.

In recent years, although the phenomenon of marriage immigration in Taiwan has retreated
slightly, but after a long period of accumulation, the number of new residents has reached a
certain proportion in the total population of our country.

These transnational students lack informal social support networks from their native families,
relatives and friends, coupled with language and cultural barriers, which limit the satisfaction of
their needs and social activities among their classmates.

However, these new residents are discriminated and treated unequally in the formal social
system, or due to lack of information and legal gaps, making the process of seeking help bumpy,

and even hitting walls everywhere.

In addition, with the evolution of the marriage immigration process in Taiwan, the rights and
interests of the new resident students in Taiwan and the difficulties they face will take on different
appearances. However, whether the relevant government policies, laws, systems and measures
can be timely and systematically responded to. It is worthy of in-depth study to make the new
residents smoothly integrate into Taiwan society.
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Zhong Zhen-Cheng (2017) defines students who have received education abroad for a certain
period of time in the non-Taiwan state education system, or who have been transferred to Taiwan
state education and other education systems several times, as "transnational transfer students".

1.2 Research object

Most of the children in this study are between the ages of seven and twelve, are currently
enrolled in the third to sixth grades of a public elementary school in Taiwan; A few cases are
middle and lower grade students. Because the 7-12-year-old schoolchildren are middle and
senior grades students, their comprehension and expression abilities are relatively clear and
thorough, so these four grades are the main research objects.

2 LITERATURE REVIEW

2.1 International transfer students

According to the operational definition of Zhong Zhen-Cheng (2017), the transnational transfer
students defined in this study refer to “students who have received education for a certain period
of time in a foreign non-Taiwan state education system, or who have been transferred several
times in Students of Taiwan's state education and other education systems.

"The subjects of the study may be born in Taiwan or elsewhere and go to school in other places,
and then return to Taiwan to continue their bridging education. The research subjects of this
study all went to primary school abroad, and then returned to Taiwan to receive education, but
the living environment was mainly Chinese.

Zhong Zhen-Cheng (2015) believes that mother tongue, first language, and second language
have a dynamic relationship, and its causes include: field, learning sequence, thinking and
cognition, policy and planning, interpersonal, self-determination, ethnic group Identity, ability,
and frequency of use are nine factors, and these nine factors also reflect the language
development process of these transfer students. From Chinese language learning in childhood to
primary school, these nine factors also follow the transfer students’ internationalization. The flow
between them brings out its transfer needs in the nine major factors.

2.2 Social culture

According to a study published in the American Journal of Public Health, preschoolers who
know how to share, collaborate and help others are more likely to earn a college degree and full
time job 20 years later than children who lack these social skills. Children who get along well with
others are also less likely to drink excessively and break the law. The study followed nearly 800
students over 20 years.

The results suggest that certain social-emotional abilities in children may be strong predictors
of future life outcomes. "These social-emotional competencies may be reflected in their ability to
perform well in school, pay attention and adapt to their surroundings," said Damon Jones, a
research assistant professor at Penn State.
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"The research doesn't show that willingness to share makes life better, but refusing to share
makes life worse for kids. But schoolchildren who interact well with others are more likely to
make friends and receive positive feedback from teachers, so they enjoy school and learn more.
Jones shows that in early education, when they are still willing to change behavior, identify
children's social weaknesses early and help children.

Through life, work, and getting along with friends, people spend time and energy engaged in
various social activities, carry out various personal and social interactions. In other words, people
look for various activities and purposes in social situations: make friends, know others, and be
recognized by others. Appreciating, controlling and relying on others, giving support and helping
others, etc., because people seek their own purpose in social situations, and constitute a dense
and complex social behavior and organization. According to current social theoretical knowledge,
social behavior is eight different products of drives, which can be defined as a persistent tendency
to seek a purpose, is a source of energy.

Exploring social and cultural contexts and interactions can understand the development of
interpersonal relationships between students from different nationalities and backgrounds
because of toy objects, such as incorporating toy objects into the content of daily chats, or making
friends because of playing with toys, using objects to build or expand One's own interpersonal
relationships, whether they are hobbies for entertainment or knowledge learning, can establish
emotional exchanges, inspire will, stimulate life's joy, and promote learning interaction and
mental health. Therefore, establishing a social support network for transnational school children
is to maintain psychological optimism. One of the important conditions related to learning
motivation.

The social ability and behavior of schoolchildren is a social support network way for individuals
to gain self-affirmation in interacting with others. While obtaining the affirmation, it is also the
negative pressure of personal emotions, such as anxiety, anxiety, tension, negativity, etc. An
effective way to relieve stress. On the contrary, in the process of stress relief, after all kinds of
negative emotions disappear, a state of psychological balance can be established, and the quality
of social skills and behaviors can be further improved, and then a psychological balance can be
obtained. Therefore, personal social skills and behaviors are closely related. Mental balance and
health are mutually causal.

2.3 Communication strategy

Communication strategy (CS) was first proposed by Selinker (1972), but he did not define the
term communication strategy in detail, and then Tarone (1977) first defined the term
"'communication strategy", which refers to the use of a language by individuals. In order to
overcome the method used when the language structure is insufficient to convey its semantic
connotation, Tarone and Yule added communication strategy into one of the projects of language
competence in 1989, and more and more scholars began to focus on communication strategy.
Definition and classification research, such as: Faerch and Kasper (1983b), Doérnyei and Scott
(1995) and others, and even some scholars believe that communication strategies are also part
of learning strategies, such as: O'Mally and Chamot (1990), Oxford ( 1990).
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Among them, in the classification and definition of communication strategies, Dérnyei and
Scott are the masters who divide communication strategies into two main dimensions. One is the
dimension of problem-orientedness, which refers to the dimension of CS Occurs mainly when
people have a conversation in order to solve the problem of communicating in a second language;
Second, the dimension of consciously adopting strategies (Consiousness) refers to the emergence
of CS as a method for the interlocutor to organize his limited language through thinking and
output.

Dornyei and Scott also analyzed previous research on communication strategies and found that
scholars generally limit communication strategies to "negotiating" semantic information, but they
believe that the interpretation of communication strategies should involve all language-related
issues. Methods that can solve language communication problems should be included in the
definition of communication strategy. Dornyei and Scott extended the classification method of
communication strategies, and the classification methods of the three items they proposed also
have clear corpus definitions, so the researcher adopts Dérnyei and Scott's communication
strategy definitions and methods as the classification of this study. in accordance with.

The communication strategies used by students are also a manifestation of learning. However,
in the current academic research in Taiwan, most of the literature related to communication skills
takes leaders or the general public as the main research objects, and the research direction of
communication strategies in Taiwan is Most of it lies in the leaders and educators of the
enterprise itself.

There are few studies on communication strategies by Taiwanese scholars on the learners' own
CSL, and most of the few studies on communication strategies focus on foreign language learning.
Research and summarize the phenomena observed in the teaching activities of bilingual
communication strategies and the advantages brought by the training of communication
strategies.

Zeng Rongyu (2015) and Pan Aima (2015) both studied college students and above. Zeng
Rongyu believed that a culture with low context and a small power gap would affect the display
of their communication strategies, while Pan Aima believed that language Students with higher
levels of anxiety use more communication strategies.

In foreign research, English as a second language communication strategy research is mainly,
such as Tarone (1977), Faerch and Kasper (1983a, 1983b), Bialystok (1983), Dornyei and Scott
(1995).

This study aims to explore the communication strategies of primary school children in Taiwan
where Chinese is their second language. It is hoped that the research results can be used as a
reference for the language learning of international transfer students in the future.
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Figure 2.Two-dimensional model of affect. ( HAP, high arousal positive states ; LAP, low arousal positive
states; HAN, high arousal negative states; LAN, low arousal negative sates.)

2.4 Experiential Value

Through the results of subjective and objective comparison, judgment and deliberation, people
express their beliefs and ideas, that is, people's values. Experience originates from the events that
occurred and the mental state at that time is actively formed. It is a response to stimuli and
creates a special consumption response. Value is the influence of long-term experience on
consumer behavior, which will be converted into a concept and viewpoint of consumers. Value is
interpreted from the perspective of experience, and value can also be defined as an interactive,
relative and preferred experience (Holbrook, 1996; 1999), and experience value is the value
creation after experience.Consumer perceived value is composed of three core driving factors,
namely product value, service value and experience value.

The experience of products or services provided by consumers from stores or enterprises is
the value derived from inner feelings, that is, experience value. The core of consumer value lies
in experience, not the products or services they buy, and the experience they feel during the
experience. Tangible product value or service transcends value with intangible emotional value,
immersing consumers in the context of consumption, and leaving a deep impression on
consumers. The consumer experience itself is also rich in value.

It is a sublimation of service value, a kind of spiritual satisfaction from the heart, and will form
a deep memory or produce a good aftertaste. Zhou Congyou and others believe that experience
value promotes products and services through experience, so that consumers have a sense of
identity and value, and then affect consumers' consumption behavior.

Consumers interact with products and services directly or through a distance, and this
interaction provides the generation of experience value perceptions and the basis of provider
preferences; However, Mathwick, Malhotra and Rigdon believe that experiential value is the
cognition and relative preference for product attributes or service performance. The interactive
process can enhance the experiential value, but the interaction may help or hinder the

achievement of consumers' goals.
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In other words, the value feeling generated by consumers in the interactive experience of
products or services is the experience value. At the same time, the experience value refers to
whether the purchase of the product is consistent with the self or the group they admire after
purchasing the product. feeling. Therefore, the value concept of consumers is a multi-
dimensional multi-dimensional structure, and how to present the value of goods is worth paying
attention to. Holbrook summarizes the experience value into three aspects, including external
value and internal value; self-oriented value and other-oriented value; active value Value and
passive value The traditional experience value is divided into intrinsic and extrinsic value; the
intrinsic value of the spiritual level is composed of the pleasure obtained in the process, while the
extrinsic value of the material level comes from the completion of the task or work.

Holbrook adds "self-direction" and "other-direction" to the traditional classification of
experiential values of intrinsic and extrinsic values, where self-direction refers to influence on
oneself, and other-direction refers to influence on others other than oneself; and activities
Dimension, including passive and active value points, believes that passive value comes from
consumers' understanding, evaluation and response to consumption goals, and active value
comes from the cooperation between consumers and marketing entities to form a three-
dimensional experience value matrix including efficiency, fun , excellence, aesthetics, status,

ethics, respect and spirituality.

Mathwick, Malhotra and Rigdon define experiential value as promoting consumers to achieve
their consumption goals or intentions, their feelings towards products and their preferences
caused by interaction during the consumption process; and they propose an experiential value
scale to measure experiential value. The structure of experience value type, that is, internal,
external value and active and passive value are developed into four dimensions of experience
value measurement, namely consumer investment remuneration, service superiority aesthetics
and fun. Because it is difficult to distinguish active and passive value, There are some difficulties
in practical application, so Holbrook once again proposed the two-matrix experience value
measurement in 2006, including external value and internal value; self-oriented value and other-
oriented value, developed into four dimensions: economic value, hedonic value Value, social
value and altruistic value are described below and shown in Table 1.

Table 1. Two-dimensional experience value

Extrinsic value

Intrinsic Value

Self-directed Economic .
Hedonic value
value Value
Other-Oriented . L
Social value Altruistic value

Values

1. Economic value: refers to the product or consumer experience as a means to achieve the
consumer's own goals, such as whether the product is worth the money or is of good quality.
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2. Hedonic value: It refers to the pleasure that consumers get from the consumption process,
or the aesthetic enjoyment they can feel from it, such as getting pleasure from consumption or
appreciating beautiful things in the consumption process.

3. Social value: Refers to personal consumption behavior as a means to shape the reaction of
others, in short, to obtain the reaction or influence of others, for example, this consumption
strengthens others’ goodwill towards me and has self-confidence.

4. Altruistic value: refers to how personal consumption behavior has a positive impact on
others, related to morality or some kind of spiritual ecstasy.

This study adopts the two-dimensional experience value proposed by Holbrook in 2006 as the
experience value after the interaction of toys for elementary school children of different
nationalities. And put forward a research: What is the current situation of the experience value
of toys after interaction?

3 RESEARCH DESIGN AND METHODS

This chapter is divided into three parts, which are the evaluation construction method, the
grounded theory and the DISC child behavior scale, and the others are the design of interviews
and questionnaires, which are described as follows:

The "evaluation structure method" mainly conducts interviews with highly involved groups,
and sorts out authentic and credible evaluations and opinions from actual behavior cases through
paired comparisons of various characteristics; Even the correspondence between abstract
feelings and specific conditions, which is often difficult to capture, can be collected through this
method. The study introduces the evaluation structure method of Charm Engineering and the
"two-dimensional scale" of the Kano quality model, and clarifies the correlation between the
integration of different toys into teaching design attributes and the learner's experience
satisfaction and learning effect, and determines the quality classification of each toy design
attribute. , in order to summarize the attractive experience and learning factors of toy design
integrated into elementary school teaching, which can help teachers and designers or learners to
create more effective teaching effects.

This research starts from the toy social culture context of 120 elementary school children;
Through evaluation construction method, questionnaire survey and application of grounded
theory in qualitative research to analyze and explore their cultural background, and conduct in-
depth interviews with students on their learning and interaction patterns, as well as their
emotional changes during the game, to explore the social culture of objects in elementary school
children The meaning and relationship represented by the following, and reflect the intangible
information and resource exchange in social cultural activities from the objects, and then review
and verify the explanation of the social cultural behavior of toys; To understand the relationship
between personal and environmental factors and toy use behavior.
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4 ANALYSIS AND CONCLUSION

This study takes the social and cultural context of toys of primary school children in the East and
the West as an example to explore the differences in the experience and communication
cognitive evaluation of primary school children's experience of integrating toys into curriculum
design, and to clarify the benefits, advantages and disadvantages of different types of designs in
message communication and experience creation ; It also discusses the learning motivation of
elementary school children, and discusses the learning benefits of different types of toys
integrated into the curriculum design for different types of knowledge, so as to effectively

enhance the educational function.

Table 2. Summary table of t-tests for different gender variables and experiential values (N=120)

structure Itemn Gender Number Average Standard  {  two-tailed test
deviation ( p=0.05 level)
Economic Value I think this game interaction has the boy 68 4.16 0.776 2.734 0.007%*
opportunity to try different toys is il 52
worth it &l 3.90 0.793
I would like to spend time on toys boy 63 412 0.782 1.685 0.093
to interact with my classmates. il
gl 52 3.96 0.838
Hedonic value I find it enjoyable to interact with boy 68 428 0.767 2575 0.010%*
my classmates with toys. girl 52 405 0.781
1 think toy interaction gives me boy 68 3.97 0.839 1.585 0114
spiritual support. girl 52 331 0.892
I think toy interaction makes life full ~ boy 68 4.01 0.870 1.451 0.148
of hope. gl 52 38  0.898
Social value ! think the interactive integration of boy 68 399 0.818 1.557 0.120
toys into learning gives me a sense of il 52
accomplishment. g 3.84 0.815
| think playing with toys can gain relevant  boy 68 393 0.882 3.606  0.000%**
knowledge about learning. girl 52 355 0.917
Altruistic value  !think playing with toyscan helpme  boy g 4.14 0.768 3.652  0.000%**
learn to get along better with my } 52
~ classmates. girl 3.79 0.876
I think this can promote my thinking on boy 68 3.94 0.858 2.945 0.004**
issues related to disciplinary knowledge. girl 52 3163 0.930
I think this can facilitate my actionto ~~ boy 68 3.85 0.847 2,632 0.009**
learn subject knowledge. girl 52 358 0.892
*p<0.05 ##p<001  *#¥p<0.00]

As shown in Table 2., different gender variables have significant differences in the four

dimensions of experiential value, and boys are more agreeable than girls. In economic value,

boys are more likely to agree such expenses are worthwhile, and boy respondents in hedonic

value feel more pleasant than agreeing to interact with their classmates with toys; In the part of

social value, boy respondents agreed that they could gain subject-related knowledge, and in

altruistic value, boys felt that they could learn to get along better with their classmates, and

promote their own thinking and actions on issues related to learning subject knowledge.
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Table 3. Summary table of t-test of variables and experience value of students of different nationalities (N=120)

Structure  Hem Nationality variable Number Average Standard two-tailed test
deviation ( p=0.05 level)

Economic Value | think this game interaction  Forsign students 43 4.17 0.761 2098  0.037*%

........................... Asian students 2 <
different toys is worth it. 3.95 0.799

1 would like to spend time on toys Fereignstudents 43 413 0.760 1.268  0.206
to interact with my classmates.

Asian students 2399 0.836

Hedonic value ! find it enjoyable to interact with ~ Foreign students a2 429 0.705 1.806  0.072

my classmates with toys. psiznstudents 72 409 0.800

I think toy interaction gives me ~ Foreignstudents 43 399 0.860 1233 0219
spiritual support. Asian students 72 384 0.878

I think toy interaction makes life full Foreignstudents 42 4.11 0.910 2154 0.032*
of hope.

Asianstudents 72 3 86 0.877

I think the interactive integration of  Foreignstudent a8 4.]] 0.808 2535 0.012%
toys into learning gives me a sense of
accomplishment.

Social value
Asian students 72 3 84 0.812

I think playing with toys can gain relevantF?EMT“dEm & 4l 0.790 4867  0.000%+
knowledge about learning. fsenstdents 72 3 57 0.921

Altruistic value | think playing with toys can help me Foreignstudents 48 4.14 0.785 2500  0.013*
learn to get along better with my
classmates. psnstudenss - 86 0.862

| think this can promote my thinking on

. A Foreignstudents 28 4,07 0.786 3748 0.000%%*
issues related to disciplinary knowledge. - - -

Asianstudents 2 3.65 0.929

| think this can facilitate my action to  Foreign students 4z 3.99 0.807 3472 0.001%*
learn subject knowledge.

Asian students 72 3.60 0.887

#p<0.05 #p<001  ##Fp<0.001

As shown in Table 3., transnational transfer students and Western immigrant students are
combined into "foreign students"”, and students from other Asian countries who return to
Taiwan to study with Taiwanese students are combined into "Asian students", a total of two
groups are conducted independently Sample t-test. From the research results, it can be found
that there are significant differences in the four dimensions of experiential value, and all
respondents from Western foreign students are more agreeable than those from Eastern Asian
primary school students. In terms of economic value , Transnational transfer foreign students
feel that this kind of expense is worthwhile, from the perspective of hedonic value, Western
foreign students think that life is full of hope after interacting with toys; The part of social value
is that foreign students feel more fulfilled and can learn relevant knowledge of subject content;
From the perspective of altruistic value, foreign students feel that they can learn to get along
better with their classmates, and promote their thinking and actions on issues related to subject
knowledge. This part may also be related to their less frequent contact with relevant
information and knowledge. Using different types of toys interacting with classmates of
different cultures can also learn some information, so they feel that the cost is worthwhile, and
have a sense of hope and achievement.
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The following are the results of this research:

1. Integrate the results of the three-phase interviews in this study to clarify the planning
procedures, experience, and design thinking aspects of the integration of different types of
toy cultures into instructional design, and to clarify the relationship between the emotional
attributes of the charming experience and the attributes of instructional design through a
visual hierarchy diagram, to understand the preference trend of elementary school children.

2. Through the comparison of the differences in students' experience evaluation, learning
theme information communication and satisfaction through the integration of different toys
into teaching modes, the advantages, and disadvantages of different concept types for the
creation of learning experience are clarified, which can be used as a reference for future
teaching design.

3. For elementary school children after learning and designing different types of toy
communication contexts and cultures, compare the learning effects of the curriculum topics,
clarify the applicability of different types of concepts to the learning of different knowledge
types, and summarize the results of comparison and analysis to guide future teaching design.
Reference basis for teachers' teaching material design.

4. The Kano quality model is used to clarify the correlation between different curriculum design
attributes and learner experience satisfaction and learning effectiveness, and to determine
the quality classification of various types of toy culture integrated into the teaching
curriculum design attributes, so as to summarize the attractive experience and learning
factors, which can help curriculum designers or educators and policy makers are more
successful in creating effective teaching.

5. Through quantitative analysis, we can clarify the numerical relationship between the design
attributes of different toy types and the experience preference and learning effect, and the
feelings can be described numerically, which can be more accurately used as future design
development and prototype inference.

6. This research integrates the qualitative and quantitative results, and summarizes the
correlation between the experience evaluation and learning benefit, curriculum design
experience evaluation and learning satisfaction, and learning satisfaction and learning
benefit of the integration of different types of toy cultures in the East and the West into
instructional design. , and sorted out the principles of attractive experience curriculum
design, which will help educators and curriculum designers to effectively build a teaching
design that has experience fun, educational functions, and enhances the satisfaction of
learning outcome.
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ABSTRACT

Today’s markets often offer different product solutions to the same customer need. In
particular, new products offer new features requiring new customer behavior. This is typically
driven by technology push, environmental concerns, or legal requirements. Due to inconvenience
users do not easily change their behavior and thereby reject novel products unless they offer an
obvious delight in the eyes of the user. Product developers need to take this in account when
designing products. Tools such as UX, Kansei Engineering and Kano model are amongst those
supporting product practitioners. This is exemplified by the affective evaluation of computer mice
over three generations. It can be seen that in particular women have different affective needs in
comparison to men related to auditive properties of mice. Hence it is important to adjust the user
panel composition in accordance with the expected effect in order to avoid biases due to lacking
diversity.

Keywords: Biases in UX, Affective Product development, computer peripherals, computer mice,
Kano Model

1 AIM

This paper aims to identify promoters and inhibitors for user acceptance and suggest tools for
achieving customer acceptance and delight as well as listing general biases from affective
engineering methods emerging from lack of panel diversity. While the panel size, as well as its
composition in terms of age and gender is commonly reported in publications, there are other
limitations that introduce inherent biases in the study outcome. This paper lists and identifies
some of the most common biases potentially limiting UX studies and narrowing the scope of
inputs for product design activities. These are either found in publications emerging from
academia and its collaborations with different industries, as well as recognized limitations within
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the industry. This section aims at opening the discussion but mostly raising awareness of how
easily multiple bias can limit the scope of product design and compromise the success of products
and their successors. While UX studies, paired with all sorts of data analysis, including advanced
and novel statistical methods, have been shown as historically proven promoters of product
success, the source of their data is still the (always limited) panel of users made available to
researchers. Established methods may lead product designers to meet captured user needs and
address the Voice of the Customer (VoC), but design outcome might be based solely on a whisper.

Adopting new features that extend from functionality and performance towards a more
experiential and user captured needs, essentially in the form of a better perceived UX, is a driver
for future product success. In a simple but applied example, evolution of features within a specific
product line, a high-end computer mouse and 3 of its consecutive generations, is visualized
through a Kano Model. The goal is to understand how both performance and UX delighters
features shift across the plot, from novel and delighter experiences to requirements across the
evolution of the product itself. Moreover, how new attributes are introduced between
generations as new product features or shifts in solely experiential requirements. These shifts are
sourced from user-driven studies and by capturing the VoC in parallel with the design of the
product itself. The Kano Model, in this example, should allow to visualize the emergence of new
market trends, as well as temporal shifts in relevance and importance of specific product features.

2 INTRODUCTION

In times of environmental change, technology push, and increasing customer demands,
products evolve fast. New features appear bringing with the novel functionalities and improving
performance. Customers need to constantly adapt and change lifestyles and behaviour to
accommodate products in their daily routines. This creates a constant emotional pressure of
change which can be averse to the introduction of new features to the market. Customer
satisfaction research traditionally focuses on functional needs only missing to address those
emotional, affective aspects (Tontini, 2007).

Many product developers, therefore, feel they have no or little influence on the market
perception of those novel products. In literature, these aspects are generally referred to as
“illdefined requirements”(Cheng & Atlee, 2009; Gaspar, 2013; Valverde et al., 2019). Being able
to outline those requirements, analyse and integrate with the physical product design is a key
factor for successful product creation.

Industries such as automotive, hardware, consumer electronics, food, and software, among
many others, see product development engineering activities closely supported by User
Experience (UX) studies. User Experience emerges anywhere along the product development
cycle: vision stages, where product requirements emerge by capturing Voice of Customer (VoC)
and user feedback through benchmarking; product validation, such as prototypes and
demonstrators, iterations closer to the final product; and capturing product performance,
including through the promotion of emotional attachment and brand sense with its user base,
when afforded to the market and throughout the whole of its lifecycle. While user experience
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inputs, from subjective feedback to objective and quantified data are analysed internally by the
design actors, a lot of its source content is also readily available to the public in general. This is
available via feedback given through large online retailers, social media content, tech reviews,
and inherent discussions, amongst other media. Specific product usage can be captured through
shared analytics, and embedded features capable of measuring product usage, e.g. battery cycle
in an electronic device. Additionally, online data gathering algorithms capturing PUX feedback
from online sources allow further expanding the information available to the design team.

Yet user experience studies still rely heavily on evaluation panels, segments of the population
that aim to address target users at any level. From a selection of industry experts, typically those
directly involved in the product development, to target users and naive customers, UX panels can
be formed and selected to specifically address different stages of the design cycle.

UX studies are very resource-intensive, both in time and cost, and their ability to capture
holistic experiences is always limited and bounded by the panel itself, the source of information
to the analysts. Bigger industries, such as the automotive may have resources to engage in larger
UX studies and have permanently dedicated teams to do so (Enigk et al., 2008; Mauter & Katzki,
2003; Mittermeier et al., 2010), while also benefiting from long product development cycles. But
such is not the case for most industries, either facing faster design to market cycles, as in the case
of consumer electronics, and smaller companies that lack resources or face specialized markets.
Many companies, including start-ups, launch their envisioned products based on a belief of
market acceptance and in the hope of iterating the next generation aftermarket exposure —and
fail.

In essence, products designed from UX data captured by a very particular panel will not address
the overall market needs. And while it’s not expectable that the same product fits everyone, the
underlying missing data is the ability to capture a larger share of the market or simply design
better products, both key to success for any company. This was further constrained by the recent
pandemic situation, leading to slower development cycles and an overall inability to directly
access users for the most basic form of capturing UX: a live interview.

3 COMMON BIASES EMERGING FROM UX DUE TO LACK OF PANEL DIVERSITY

It is common to push UX studies towards research centers, universities and institutions, and
market analyses specialized companies. Available funding for shared Research and Development
(R&D) activities fosters this mutually beneficial engagement, including by bringing industry and
academia together and promoting knowledge transfer among parties. But it's also here that UX
studies find their scope inherently limited, particularly in the panel composition. In an always
limited resource context, finding panellists within the same environment as the researchers is
common practice, being within a company or a university. Many biases or the inhibition of
achieving a holistic understanding of the market aren’t inherently introduced.

UX studies formed within a university immediately find themselves bonded to an age bias,
typically centered on a younger population, students between ages 18-25 as these are those
more easily available and willing to participate in such studies. Another underlying bias is
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education, as such studies are done among people of higher(est) levels of schooling. Research
groups are also found within a specific school, e.g., design school, so a further narrowing of the
population is forced upon the study if an active effort is not employed to seek out participants in
other contexts (e.g. other departments). It is, important to note, however, that the design of a
product directly aiming at these populations their target users can greatly benefit from such
narrow scope. But certainly, this is not the general case.

Engineering activities immediately see a design bias introduced towards gender. STEM fields,
particularly in mechatronics and surrounding knowledge areas, are well known to be heavily male
populated. UX input is given mostly by males, biasing the design towards a male preference. In
extreme, gender differences can be found in ergonomic assessments for designing a product. A
well-known case is Swedish and German car seats, usually designed for the 90% percentile of the
male body (Gjengedal, 2019), but with the bias further extended to the extreme as the local
population is recognized by the highest average of human height. Beyond overall comfort, serious
safety, and health issues have long been recognized (Hell et al., 2002; Mordaka & Gentle, 2003;
Viano, 2003). Similarly, in the context of computer peripherals, computer mice were found to be
designed for male hands, i.e. too big for the average female hand, being particularly relevant in
Asian markets. A very particular example still in this context is left-handed people, as most are
forced to use right-handed mice or, at best, symmetrical mice due to the lack of market options
or equally good alternatives to their sought product. While biometrics and ergonomics provide
clear examples, less evident and more subjective biases can be found in product aesthetics,
functionalities, and features. From distinct aesthetic features such as choice of colours or shapes
to even subtle features such as afforded haptics and acoustics, gender biases will result in
differences from PUX response among users.

Some industries can have external groups of people that they resort to, representative of
intended target users. In consumer electronics, early access to products is then given to these
users for feedback but such usually occurs immediately before production or at its early stages
where, by then, only minor updates or reviews of the product are possible. But these groups are
usually composed of expert users, such as athletes, including esports (gaming), well-known tech
reviewers, social media influencers, and other already well-recognized individuals within a
specific field. Yet, it’s not easy to find a correlation between individual-specific feedback and a
better product design. Expert users are a niche and they do not voice the overall larger audience
of target users, albeit being quite capable of influencing the market and setting market trends.
Here, bias can also be introduced from sponsoring, even if just due to have provided a free
sample, leading to naturally more positive feedback from these users.

Industries can also resort to market study companies, which provide services in the design of
UX methods and engaging with wider audiences of target users. Found to be costly, they are
beneficial, particularly due to outsourcing non-available resources. However, this adds a new
layer in-between the design team and their market: the partner company itself. However
extensive the UX study might be, the final output is a report. As detailed as it might be, the design
team still needs to analyse the provided data. And how much of the Voice of their Customer (VoC)
and specific very valuable feedback is lost in plots, charts and statistical analysis will remain
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unknown. The UX panel is chosen, albeit predefined by the contracting company, is not
necessarily an accurate representation of intended target users, just larger than what could have
been done internally.

A larger bias can be found in the inability from capturing multi-cultural effects, especially in a
global market. Products are now designed to be sold worldwide and internet-based stores allow
easy access to foreign markets — and for people around the World to source such products. But
it’s here that a greater bias can be found in language differences (Fenko et al., 2010; Harzing et
al., 2009; Spence & Zampini, 2006), such as the original language used to design the UX study,
including in the formulation of questions or surveys to acquire data; to a different interpretation
of the same UX descriptor for different cultures. The same experience adjective can be seen
positively for a specific culture; while negatively for another, hence either not addressing specific
market needs or resulting in a negative PUX in such markets. The food industry is a foremost
example of the difficulty of understanding a different market for its products, even just by the
struggle with the acceptance of a single simple design parameter: level of added salt.

4 ACHIEVING CUSTOMER ACCEPTANCE THROUGH POSITIVE CUSTOMER
EXPERIENCE

Environmental restraints, legal requirements, technology push, or customer demands mean
that new products more often feature new functions, modes of operation, appearance or
features (Norman, 1988). This of course also affects the outline of products to accommodate
those novelties. On the downside, customers can feel hesitant of using the products because it
creates insecurity, unfamiliarity or just inconvenience. Those inhibitors for a quick adaptation to
the new product can be critical to the product’s success (Norman, 1988).

Often even small deviations from a familiar layout such as a different texture, colour, sound or
smell can make buyers choosing the more traditional (a technically inferior) product over the new
one. Hence, product developers try to design products in a way that they resemble older versions
of the product by e.g. giving them the same design cues on all products of the same brand or at
least allowing the use of accustomed mental functionality model for the new product (e.g. MS
Windows desktop is simulating a manual work desk.) (Cornelius, 1996). Here, companies also aim
at retaining their specific brand sense, a set of perceivable and distinct behaviour in their products
that is associated with the brand’s identity (Lindstrom, 2005), it aims at establishing itself as a
unigue experience. Again, it is not fulfilling the needs that are in cause or performance or feature
offerings over competitors, it's the physical form by how this performance is delivered and,
ultimately, perceived by the users. It is this form that distinguishes the experience from other
brands.

Hagtvedt and Patrick (2009) claimed that luxury brands have a greater extendibility, in the
sense of longer lasting as market players than value brands by virtue of their hedonic potential
and promise of pleasure. These authors demonstrated that trade-offs between luxury and merely
utilitarian products, such as increased cost vs. less social affirmation respectively, affects the
desire to re-experience a brand. The ability to delight and the promise of pleasure in experiencing
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a luxury product promotes hedonic potential and favours affection towards the brand, favouring
its extendibility. In contrast, even at a lesser cost, satisfying consumer’s needs by means of full
performant and utilitarian product which fulfil needs but is not felt as desirable as luxury leads to
a restriction in its company extendibility (Hagtvedt & Patrick, 2009). One significant outcome of
these authors’” work is the importance of brand consistency, being product performance,
sensorial cues, hedonic potential, and its ability to continuously delight.

However, when radically changing the products working principle, as in the case of the
introduction of electric propulsion in Tesla’s cars, the latter guidelines cannot be met. In this case,
customers will unquestionably react hesitantly toward accepting the product since changing their
routine behaviour of finding a charging station every time they park the vehicle is required. The
goal of a product developer in those cases must then be to create strong delight aspects to
convince users of the product’s superiority. In the case of Tesla this will certainly be novel design
features, excellent acceleration and performance attributes while promoting a sense of
environmental friendliness. Inherently, driven from disruptive innovation, a new emotional
experience emerges, along with a new brand sense, driving change in a very conservative industry
such as the automotive.

Several product development tools can facilitate the optimal choice of concepts. In the further
text a few are presented and discussed.

UX in product development

Engineering requirements are means to define intention and constraints of a design and are
considered necessary inputs to the design process (Almefelt et al.,, 2006; Falk et al., 2014).
Conceptually, design and requirements are related and interdependent (Lyytinen, 2009).
Precisely defining the design problem is the aim of Requirements Engineering. Cheng and Atlee
have listed (2009) generic and inherent difficulties in achieving a set of engineering requirements.
From such list, emerges the notion of ill-defined requirements: ideas of what the design is
supposed to achieve but remain imperfectly defined, without a clear outline, and sometimes
conflicting within themselves or other requirements. However, these “must progress towards a
single coherent, detailed, technical specification for the system” (Cheng & Atlee, 2009).

Hence any design process is started by a set of well-defined and ill-defined requirements,
supported by technical specifications. These later are defined by engineering parameters, which
are both inputs to the design process in the form of design variables, which are a final outcome
of the product performance. However, product performance, by itself, cannot be entirely
described by engineering parameters. To numerical product properties, it is necessary to consider
non-parametric sensorial cues and emotional or satisfaction qualities. There isn’t a common or
shared taxonomy in the literature for these properties (Gaspar, 2013; Valverde et al., 2019).
These authors revised the literature and found that formal design properties can be considered
as: design parameters (Demirtas et al., 2009), design attributes (Bahn et al., 2009), design
features (Han & Hong, 2003), design elements (Hsu et al., 2000), design features (Hsiao & Chen,
2006)(Hsiao & Chen, 2006), physical measures (X. Chen et al., 2009), engineering parameters

(Choi & Jun, 2007), and numerical features (H.-Y. Chen & Chang, 2009; S. C. Chen et al., 2009).
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According to Gaspar(2013), there is a distinction between parameters and attributes: the first
are directly related to physical properties and can be described through numerical values, while
the latter involve some form of human perception. Perceived properties may be non-numerical
and can be described through adjectives and descriptors (e.g. through Kansei words (Nagamachi,
1989).

The process of addressing ill-defined requirements finds value in UX studies. User experience
research and its plethora of methods available to capture VoC and other subjective data, paired
with proper statistical analysis, can better define such requirements and emerge with useful
quantified data and even concrete specifications to drive design processes.

Kansei Engineering and affective design

Kansei Engineering and affective product design are obviously suitable tools for the integration
of subjective, emotional customer demands into product design. One drawback of those
development tools has been, that good emotional response can only be derived from products,
customers are well accustomed to. In turn, this means, that novel product features need to be
experienced well enough in order to be appreciated fully. With the latter discussed customer
hesitation about new features means that evaluation of those on affective evaluation scales can
only be done reliably if the users have access to prototypes allowing them sufficient time and
interaction to build experience and thereby a solid opinion. If this is the case, it is possible to use
Kansei Engineering in order to select relevant product features (Nagamachi, 1989; Schitte et al.,

2004).
Choice of

\4
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Figure 1: Kansei Engineering model (Schiitte et al., 2004)

This in turn enables the product creator to select product concepts with the best combination
of product features to evoke the least amount of inconvenience and at the same time create a
positive attitude and in the best case a desire for the product.
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Kano Model

Emerged within TQM and QFD, Kano’s model is a tool that allows positioning a product by its
product requirements and features regarding potential user satisfaction and achieved
expectations (Kano et al., 1984). It distinguishes 3 types of product requirements:

e Must-be (or basic) requirements are those that the user expects them to be present,
are inherent to the product main functionalities and are taken for granted. While these
do not lead to satisfaction, they do lead to extreme dissatisfaction if unfulfilled.

e One-dimensional (or performance) requirements are those that will influence, usually
proportionally, user-satisfaction. They are the product qualities characteristics that
raise it above competition (comparison standards) and fulfil expectations.

e Attractive (or excitement) requirements are those that have the greatest influence in
user-satisfaction, although they are not expressed or expected by the customer. They
are the elements of surprise or delight in product experience. However, they do not
elicit dissatisfaction if the expected functionalities are met.

Satisfaction

WANTS

Absent <] ? > Fulfilled

Dissatisfaction

Figure 2 Kano model (Kano et al., 1984).

By using the Kano model product developers can identify potential delighters that are
connected to novel product features that requires customer acceptance and subsequent user
behavioral change. By emphasizing those delight factors by intuitive design, communication or
even marketing, the user will be more likely to accept the new unfamiliar user patterns.

5 EXAMPLE OF KANO MODEL EVOLUTION ALONG THREE GENERATIONS OF THE
HIGH-END MICE PRODUCT

Visualizing an example of the historical evolution of product features, both towards
performance and UX delighters, a Kano Model is applied to a specific product line. In this case,
logitech’s flagship mouse MxMaster, and three of its latest generations. This product, as well the
UX studies herein reported, are focused on high-end users in a professional context, such as
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creatives, designers, architects, engineers, programmers, accountants, and office workers in
general. Focusing on the model’s first quadrant only, a Kano Model is provided representing
feature evolutions from MxMaster 2 to MxMaster 3 and Mx Master3S in figure Y. Along this Kano
Model analysis, product features are split into four categories: features related with software
used with the device and how it interacts with other devices and applications, interactions
available from mouse inputs such as wheels and buttons, performance and technical
specifications, and UX specific attributes. Some features are shared across multiple categories.
Mouse models are depicted by different colours for each of the feature categories. Standalone
labels represent either new design requirements or shifts from product to product, while
overlayed labels represent features that were kept unchanged throughout the generations.
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Figure 3 - Kano Model evolution from MxMaster 2 (2015) to MxMaster 3 (2019) and
to MxMaster 35S (2022).

Observing the plot, new added requirements, even if related to more technical aspects in the
device, can be regard as exciters when newly presented but tend to progress towards must have
requirements when previously fulfilled. The novel aspect of these features justifies the increased
affective response when presented in product, while it naturally evolves to an already accepted
feature that users cannot do without, while no longer having an intense affective response to it.
However, the removal of such feature in a new generation would potentially lead to a very
negative response. This justifies why, in time, the already fulfilled features also clutter under the
must have region of the model.

Focusing solely on the UX related category, Mx Master 2 saw less design entries than following
generations. In fact, the number of UX related requirements has increased from generation to
generation, hinting a greater influence of capturing the VoC along time. While technological
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progress was kept through engineering activities in improving overall product performance,
product design was further complemented with more inputs from UX studies.

For the latest generation, sustainability requirements and a new quiet click for the main keys
were key drivers for innovation. In the former, its relevant to mention that sustainability is not
only regarded as a performance requirement, lessening the environmental impact from the
company, but also an exciting UX feature valued by the users. In the latter, several specific UX
studies were conducted, internally in logitech as well as externally. These not only identified a
relevant market need for quieter mice but also that introducing this feature would rate very high
in excitement and overall affective response for the users.

There is, however, an inherent performance aspect to mouse clicking UX, as no loss of
performance, i.e., speed of clicking and accuracy can be accepted as well has no decrease in
product longevity. While some adaptation to reduced audible feedback was observed, the studies
showed no initial impact on user performance for quieter clicks if the haptic feedback was of a
higher quality. This hints on sensorial cross-modal effects, where the lack of audible feedback can
be compensated by more intense haptics, the tactile perceived mouse clicks, to form a holistic
impression of feedback quality. Interesting findings were also reported about gender biases in
main click haptic and audible feedback preference, with quieter and lower input user force
favoured by women. In the overall, only a fringe of the population, less than 1/10 users, still
preferred the more traditional and very audible click from previous generations. Data hints on an
age bias towards this outcome, as these users belonged to the panellists’ higher age group.

6 CONCLUSIONS

Satisfaction models are methods and tools which aim at achieving quantifiable translation of
customer’s needs and VoC into satisfaction related performance product requirements. In a way,
they bring “the voice of the customer and the voice of the engineer closer together. While a lot
of emphasis made to address user-satisfaction and, later, customer delight in product design as
any company’s goals, “there is a distinct lack of literature supporting the assumptions these
strategies make” (Burns & Evans, 2000). Furthermore, any of these models is as good as the
methodologies used to capture VoC, create its inputs and translating them (Burns & Evans, 2000).
Acquiring VoC, by means of traditional surveys and inquiries, places the customer outside of real
product experience. Moreover, customers may not be entirely aware of their needs or, even,
adequately express themselves (Falk et al., 2014). Product designers also usually deal with more
negative information (e.g. failures in previous products) and user expressions usually reaches
them by numerically translated models and summarized VoC reports and tables (Burns & Evans,
2000).

Novel products feature new properties which in turn require altered customer behaviour. To
make customers adapt to those products they need to agree on changed functionality. This
requires a good understanding from the users’ side and proper communication from the product
provider’s side.
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This paper evaluated an evolution of such features, through a Kano Model visualization, within
a specific product line. Here, amongst other performance attributes, a specific experiential
requirement has emerged from UX studies specifically designed and employed within the brand
to address a specific feedback cue: the feedback afforded from the mouse main keys. The
outcome of recognizing, both from these studies as well as from publicly available user feedback
(e.g., tech reviews and user comments on social media) was an equally performant mouse clicks
but now with noticeable different feedback, one that can be described by a series of affective
descriptors such as a “quiet”, “professional”, “comfortable”, “precise” and “robust” amongst
others.

However, understanding new features and the necessity of their existence does not in the first
place lead to customer acceptance. In order to ensure customer acceptance, each change must
be accompanied by a “delight” aspect. Concretely this means that the computer mice’s quiet click
in the study certainly constitute a change in how the click feedback is delivered to the user in
comparison to conventional mice and therefore necessitate change of user behaviour, but at the
same time the quiet work environment serves a delight factor making it worth to the user.

The theory works fine in the example stated, but there are risks involved. If the novelty is not
well enough communicated by the provider or understood by the user; or if the products are
“too” innovative with a highly complex novelty, users do not experience the delight aspect and
hence reject the product.

As a vehicle to achieve customer delight, several tools can potentially be used. In this paper
KANO model is used in the study and Kansei Engineering and UX-methodology is suggested as
suitable approaches. In this context it is important to remark that evaluation of subjective
impressions is possible but can be seriously hampered by a lack of panel diversity. In the UX
studies performed to develop new mice, both gender and age have found to have a measurable
effect on the subjective experience of clicking sound of computer mice. The importance of
selecting a proper and extended panel, even if within the specific scope of a niche market
(highend professional mouse users), shows how different UX outcomes can emerge from the lack
of diversity in the panel itself. And if UX studies outcomes are gaining greater influence as design
inputs, further care must be taken to drive product success by addressing the VoC. Not a niche
VoC but a holistic VoC that expresses its target market needs, as well its continuous shifts and
trends.

The authors also recognize that current context may have played a major role here, even to
the point of overwhelming previously identified gender differences in the outcomes of the UX
analysis for case-study given. As the design activities have taken place in the recent pandemic,
where many people saw their home merging with their main workplace, a space also now
continuously shared with their relatives, audible feedback cues, i.e. repetitive and frequent loud
mouse clicks, may have created and, at least, enhanced the global market need for quieter
computer peripherals. The global market has voiced loudly that it needed a whisper from mice
clicks and the UX methods employed have properly captured it.
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ABSTRACT

Some assistive devices (ADs) aim to ease elders performing daily activities by changing postural
and strength requirements. Elders usually have cognitive lacks too, making AD usability
perception an important issue. Usability perceptions arise from the affordances conveyed by the
AD: design features should act as signifiers transmitting opportunities of how to use the AD. This
study assesses the perception of jar openers usability. Eye-tracking (ET) data from 56 subjects
were used. Rendered images of 6 ADs were shown, in 2 versions: with and without rubber on the
grip area. Each slide showed the 6 ADs, each AD image being an area of interest (Aol) to be
tracked. The participants ranked the ADs in the next usability affordances: comfort, effort level,
easiness to grip, easiness to use, lid slippery and robustness. For each affordance, they were eye-
tracked while deciding the best AD, and afterwards they ranked the other ADs. The ranks were
transformed into scores, and their correlation with ET parameters (decision time and number of
fixations on each Aol) were studied, along with the effect of the rubber on the scores. Heat maps
were also analyzed to identify the signifiers of the ADs that attract attention on usability. The
results showed the potentiality of ET to study the perception of ADs usability affordances, and
that the addition of rubber on the grip area of the jar openers or the material and shape of the
lid area have an effect on their understanding and use.

Keywords: assistive devices, eye-tracking, usability affordances, signifiers, product design
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1 INTRODUCTION

The grasping and manipulation capacity of the human hand is key for the development of
activities of daily living (ADL), both in personal and work contexts (Bullock et al., 2013). This ability
is diminished in old people, and is aggravated by pathologies with high prevalence, such as hand
osteoarthritis (HOA). Household management tasks, especially those requiring high grip force
combined with twisting movements, have been identified as the ones generating more functional
problems in HOA patients (Kjeken et al., 2005). In particular, the jar opening task is one of the
most limiting activities for old people (Weeks-Levy et al., 2020).

In this home context, assistive devices (ADs) may improve the quality of life of the elderly by
increasing their autonomy. ADs facilitate the execution of certain tasks, protecting the structures
of the hand against deterioration (Durudz, 2014). ADs are designed to compensate the loss of
strength and/or dexterity (Shipman & Pitout, 2003), improving the functional capacities of people
with hand pathologies, such as range of motion, muscle strength, resistance and manual dexterity
(Kjeken et al., 2011; Rogers & Holm, 1992).

However, ADs are often rejected because of several reasons, most times due to problems that
can be solved with an appropriate design. E.g., many ADs require too high physical demands of
strength and/or dexterity (de Boer et al., 2009) or even cognitive ones, since at certain ages it
gets harder to understand the operation of new devices (Yusif, Soar, & Hafeez-Baig, 2016). In
order to achieve its objective, among other requirements, an AD must be effective and safe, easy
to use and accepted by the user. In addition, in the emotional field, it is essential that the AD
transmits positive emotions in order to guarantee its use. Positive emotions are associated with
greater security and independence, while negative emotions can lead to frustration, stigma, and
disinterest in the use of ADs (Chen, 2020). Both the meaning of the product and the transmitted
emotions must be taken into account when the product preferences are established, considering
the user's criteria from the beginning of the development process (Agost & Vergara, 2014). In
conclusion, it is essential that the person accepts to use the product and feels natural and
comfortable using it, and this is something that is not fulfilled by most ADs for manipulation.

Furthermore, the user should be able to understand correctly how a product works, for which
the information transmitted by the AD must be clear. Usability perceptions arise from
affordances, which can be anything that it is possible to do with a product, making the desired
action possible. Moreover, if the affordances are not intuitive, signifiers (design elements capable
of transmitting opportunities of how to use the product) should be used to indicate them. Adding
signifiers is the best way to discover the affordances and make sure that the feedback is clearly
understood by the user (Norman, 2013).

Affordances of some ADs have been assessed in recent studies. A study (Lucaites & Pagano,
2018) evaluated walking ADs used by old people, and showed that the user experience is a
fundamental factor to ensure that users better understand the functioning of the AD and use it
appropriately. Several studies have used Eye-Tracker (ET) technology for the assessment of
affordances. In Burlamaqui and Dong’s study (2017), a series of subjects observed a product for
a certain time and then tried to explain, through a questionnaire, its functioning. They found a
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strong correlation between the perception of affordances and the explanation of the product's
function from the questionnaire results. Number of fixations, time to first fixation in Aol, and first
fixations in Aol ET metrics were analyzed, but none of them seemed to successfully identify the
intended affordance. Regarding the most representative design aspects, Berni et al. (2020) found,
through the use of ET, that the most creative characteristics and most original elements of the
products are essential to capture the design intentions by the users. Although the jar opening
task is recognized as a very limiting activity for old people, jar openers usability affordances have
not been investigated yet, which might be key to improve their design and promote their use.

This study aims to analyze the usability perceptions of the affordances conveyed by jar
openers: comfort, effort level, easiness to grip, easiness to use, lid slippery and robustness. ET
technology is tested to assess the jar opener signifiers, with the final goal of developing general
tools to improve the quality of life of the elderly and facilitate performing ADL.

2 METHODOLOGY

The study analyzes the perception of usability affordances of 6 different models of jar openers
and suggest the design features that can act as signifiers, transmitting information about how to
use the AD, with special emphasis on the use of rubber in the gripping area.

2.1 Participants

Sixty-three candidates were recruited for an ET experiment, most of them (about 80 %)
students and staff of the Universitat Jaume |, Castelld, Spain. Candidates with an ET registration
data percentage below 75 % (3) or with inconsistent answers (4) were discarded. Finally, data
from 56 participants (26 women and 30 men) were used for the analysis. The participants had a
representative coverage in age: 16 subjects under 35 years, 21 over 45.

The participants were not allowed to manipulate the ADs. At the end of the experiment, they
were asked whether they were familiar with the jar opener models: 33.9 % claimed not to know
any of the models assessed, 37.5 % knew one of the models, and the rest knew two or more.

All of them had normal or correct-to-normal vision. The ET device (Tobii Pro X2-60) was placed
below a 24-inch computer monitor. The participants sat in front of the screen, at an approximate
distance of 60 cm. All participants were calibrated at the beginning of the test.

2.2 Stimuli and procedure

Six models of jar openers in two different versions, without and with rubber on the grip area
(Figure 1), were chosen for the study. The jar opener models were selected so as to be varied in
grip and type of effort used in the opening action.

Two ET projects (A and B) were designed, so that each subject assessed the 6 models but in
only one of the versions: Project A had models 2, 4 and 6 with rubber, and models 1, 3 and 5
without rubber, and Project B with the opposite version of the 6 models. The participants were
randomly allocated to the projects. Due to the exclusion criteria, subjects per project were slightly
different: project A with 27 subjects, and project B with 29.
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Figure 1. The 6 jar openers models with their two versions: without rubber (left) and with rubber (right)

To assess the functionality, each subject ranked the jar openers in 6 different usability
affordances: comfort, effort level to use it, easiness to grip, easiness to use, lid slippery and
robustness. The 6 models were shown simultaneously in a stimulus as in Figure 2, for each
affordance. The jar openers were shown in their working position (placed over the lid jar), except
for ‘lid slippery’ affordance, to show properly the AD area that contacts the lid. The models were
located in a different position in the screen for each question, to avoid its effect on the results.

n
e
-
El mas fécil de usar El que menos se resbalara de la tapa

Figure 2. Examples of the stimulus used (Spanish version) for the affordances ‘easiness to use’ (left) and
‘lid slippery’ (right) in Project A

In order to rank the jar openers for each affordance, the same stimulus was shown 4 times, so
that each time the subject was asked to select (in this order): the best jar opener model, the
second best, the worst and the second worst. Each affordance appeared randomly for each
subject. As a result, a total of 24 images (6 affordances x 4 questions per affordance) for each
project were generated, which represented the stimulus set. The subjects could read the question
at the bottom of the screen (Figure 2), and answered by clicking on the selected model.

2.3 Data analysis

The image of each of the 6 jar openers in each stimulus was defined as an Area of Interest (Aol),
i.e., participants’ attention was tracked in each of the 6 rectangles containing each model. Several
metrics from these Aols were obtained from the subjects’ eye movement only during the first
question posed for each affordance: TFD (Total Fixation Duration in seconds in each Aol); FC
(Fixation Count, number of fixations in each Aol); and Click Count, to identify the Aol selected.

For each affordance, a score was assigned to each jar opener from the Click Count metric of
the 4 ranking questions posed to the participants: +2 for the best, +1 for the second best, -2 for
the worst, —1 for the second worst, and O for the non-selected models.
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The results were analyzed with SPSS statistical software (IBM SPSS Statistics 27). Descriptive
statistics of TFD and FC metrics per affordance and scores are shown. First, with the scores, error
bars graphs were obtained for 95% confident intervals for means. T-student tests were
performed, one per each affordance and model, to investigate whether the rubber (independent
variable) has a significant effect on the scores (dependent variable). ANOVAs were performed,
one per affordance, also with the scores as dependent variable, and the model as the
independent one, to check whether the scores are significantly different between models in each
affordance. Thirdly, Spearman’s correlations were computed, in order to measure the association
between the scores and ET parameters (TFD and FC metrics) for all the affordances altogether.

Finally, heat maps for the stimulus shown when selecting the best model for each affordance
were analyzed to understand which parts of the jar opener attract the participants’ attention on
usability. Heat maps illustrated the mean number of fixations for all subjects with a color scale.
The effect of the rubber was assessed from a qualitative analysis of the heat maps.

3  RESULTS

Table 1 shows the descriptive statistics of TFD and FC per each affordance and score. Last row
shows the statistics of all the data.

Table 1. Statistics of TFD (seconds) and FC (number of fixations) per affordance (comfort, CM; effort
level, EL; easiness to grip, EG; easiness to use, EU; lid slippery, LS; robustness, RO), score and globally

TFD (s) FC
Median P5 P95 Median P5 P95
Affordances C™M 0.65 0 3.17 4 0 14
EL 0.85 0.12 3.80 4 1 19
EG 0.58 0 2.75 3 0 12
EU 0.64 0.06 3.17 3 1 15
LS 0.78 0.12 3.77 4 1 16
RO 0.57 0 3.41 3 0 13
Scores -2 0.46 0 1.77 3 0 10
-1 0.48 0 1.68 3 0 9
0 0.55 0 2.32 3 0 11
+1 0.80 0.10 3.80 4 1 16
+2 1.79 0.57 5.52 8 3 26
Global data 0.67 0 341 4 0 15

Figure 3 shows the error graphs of the scores of each affordance for each jar opener. Models
with significant differences in the scores (ANOVAs) depending on the presence of rubber are
marked with an asterisk. In general terms, the assessment depends on the affordance, and the
rubber added on the grip area was positively assessed in most models and in all of the
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affordances. Model 1 seems to be the most affected by the rubber. In addition, significant
differences (p<0.001) in the scores were found between models in all the affordances.

The Spearman’s correlations were significant (at 0.01 level) between scores and the ET metrics
(correlation coefficient with TFD was 0.423, and with FC was 0.394).

Comfort Effort level Easiness to grip

*

IND rubber I Rubber
Figure 3. Confidence intervals (95 %) for mean of the scores. Models with significant differences (p<0.05)

in the scores depending on the presence of rubber are marked with an asterisk.

Finally, figure 4 shows heat maps for each affordance, in Project A and B. Figure 5 summarizes
the results of the heat maps for the 6 models, per affordance, distinguishing per AD zones: grip
area, the jar area that is in contact with the lid, and rubber (for rubber model version).

Comfort Effort level

TSN TL

o1 el IR loups

Figure 4. Heat maps of Project A (on the left of each affordance) and Project B (on the right). Red color
means higher attention.

In general terms, the attention in the established areas depends on the affordance assessed.
The lid area was paid high attention in both versions. On the other hand, the intensity on the grip
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area depends on the model version, being higher in the rubber version. The rubber was more
observed in ‘comfort” and ‘effort level” affordances.

Grip area Lid area Grip area Lid area Rubber

1/2(3|4|5(6|1|2|3|4|5|6 1{2(3(4|5(6|1|23|4|5(6)1|2|3[4|5|6
™M

EL

EG

EU

LS

o m

Figure 5. Summary of heat maps for the 6 models without rubber (left), and with rubber (right), per

affordance (comfort, CM; effort level, EL; easiness to grip, EG; easiness to use, EU; lid slippery, LS;
robustness, RO). Red-yellow-green color for higher to lower attention, white color for no attention

4 DISCUSSION

This study aims to analyze the ADs usability affordances of 6 models of jar openers and their 6
modified versions (adding rubber on the gripping area) through ET technology. Although getting
familiar with the product favors to understand its functioning and proper use (Lucaites & Pagano,
2018), in no case the participants manipulated the ADs, so that all the information came through
visual stimuli, because the goal was to assess how the design features of the ADs affected the
perception of the affordances at first glance.

The usability affordances of the different models were assessed based on the scores assigned
from the Click count metric from the ET, highest scores meaning greater perceived affordances.
These results can help in the design of ADs with a high affordance transmission, in order to
promote their acquisition and use. In addition, heat maps can help to identify the ADs signifiers
that attract the subjects’ attention for each usability affordance. Here are the features that seem
to favor higher affordance transmission for the different affordances:

e Comfort: Shape, rubber and material seem to have an important role. Models 1 and 6 with
rubber obtained the best scores. Both models are long, with a large gripping area, and
made of plastic. In contrast, model 2, made of steel, was considered the worst. The grip
area received high visual attention, especially in model 2, which could be attributable to its
complex design, which become into a signifier difficult to be understood. The rubber acted
as an important signifier in models 1, 2 and 3, with higher attention on the grip area for
the rubber versions.

e Effortlevel: Shape and material seem again to be key. Model 2 is the best scored, especially
the rubber version. This model is metallic and has a lever shape, which can be clearly seen
as a signifier of reduction of the effort required. However, models 1 and 6, with a similar
lever shape, had lower scores, maybe because their material (plastic) acted as a negative
signifier. Highest attention was paid to model 2, that had the best scores, especially to the
grip area and the rubber. However, model 4, also with high scores, had less attention,
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probably attributable to the simplicity of model 4 against model 2, so that it helped to
understand its affordances, and subjects needed less attention time to assess it.

e FEasiness to grip: Models 1 and 6 in their rubber versions are high scored, together with
model 3, in its two versions. The grip area of these models has attracted high attention.
The design of the handle in model 3 might have acted as a familiar signifier to grip. In the
rubber versions, the rubber was observed with more attention, thus the rubber helped to
understand the affordance. In contrast, model 1 and 6 without rubber have received low
attention: their grip shape acted as a better signifier to understand the easiness to grip.
l.e. rubber and shape seem to act as signifiers in this affordance.

e FEasiness to use: Simplicity of the mechanisms seems to make the difference. Models 1 and
4 in both versions had the best scores, in contrast to models 2 and 3, whose mechanisms
become into complex signifiers to be understood. Besides, all the scores are similar for
both versions and all the models present similar attention paid, being the lid area the most
observed. This may point that to evaluate the easiness to use, it is more important to know
how the jar opener works (how it grabs the lid to turn it) than how has to be grasped.
Therefore, in this affordance, the rubber is not a signifier.

e Lid slippery: Material and shape of the region that has to be in contact with the lid might
have been key. Models 1 and 5 were assessed as the most slippery because they are made
of non-texturized hard plastic (model 1) or metal thin edge (model 5) signifiers in the area
to grip the lid (Figure 6). These two models attracted low attention, probably because
these signifiers were strongly related to slippery. Models 2 and 3, assessed as the least
slippery, were also metallic in the lid area, but in this case with a protruding flange that has
probably acted as a positive signifier against slippery (Figure 6). Again, these models were
the most observed, probably because the complexity of the mechanism made the
participants to doubt. Models 4 and 6 are also high scored, although with medium

attention, and they have a soft material (rubber appearance) in the region to be in contact
with the lid.

w - N

& :
Figure 6. Material and shape details of models 1, 2, 3and 5

e Robustness: The material might have been the reason to assess models 2 and 3 (made of
steel) with high scores. The most observed models in this affordance were the best scored,
especially the lid area, steel probably acting as a positive signifier of robustness. Model 4
was also assessed as robust, maybe because it is made out of just one piece, without
moving elements, and with a higher thickness of the material, although being plastic. In
contrast, model 1 was assessed as the worst, probably because the product seems to be
made of fragile plastic. It was also the least observed.
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In general terms, regarding the scores obtained, the rubber improved the assessment of the
affordances in most of models. In particular, model 1 was the most affected by the rubber,
increasing significantly its scores in comfort, easiness to grip, easiness to use and lid slippery, so
that we can conclude that rubber acts as a signifier that improves its perceived usability
affordance. Shape and material, in special material of the region of the openers in contact with
the lid, can be acting also as signifiers for the perception of several usability affordances.

Aols have been used to obtain quantitative data through ET metrics. Contrarily to Burlamaqui
& Dong (2017), we have been able to find metrics that help to assess the affordances. A significant
correlation has been found between the TFD and FC metrics with the scores, showing that the
total time spent observing the product and the number of fixations in each Aol is related to the
usability perceptions, i.e. the models that best show the affordances are given more attention.
However, this can be affected by the way in which we have performed the study, as we have used
the ET metrics when the participants were looking at the best model for each affordance. Effort
level, easiness to use and lid slippery affordances seem to be more complex to assess according
to the higher values of TFD and FC metrics, and they might need clearer signifiers.

Future work could look for additional ET metrics to address the study of ADs affordances, and
could consider more specific Aols to obtain a more detailed effect of different signifiers. Old
people, or even people with pathologies that affect hand function, could be considered to
participate in a future ET study in order to obtain results that could have a real impact on the
quality of life of the elderly.

5 CONCLUSION

This work has analyzed the usability affordances of jar openers to identify the relevant signifiers
affecting the perception of the affordances. ET technology has been checked to be a potential
useful tool for the study of ADs signifiers. Jar opener models can be improved by adding the
identified features that make easier their understanding and use, such as the addition of rubber
on the grip area of the jar openers or the material and shape of part in contact with the lid.
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Kazunari ARAI'?, Masayo HOSOKAWA? , Mika KUNUSHIMA®

@ Terrace Mile Inc, Japan, koffice@u-gakugei.ac.jp

ABSTRACT

Purpose of our research is to classify tea image at each shooting time.The flavor and quality of
tea leaves change greatly depending on the time of picking.The more Umami ingredient
“theanine”, the higher the quality.The more Astringent ingredient “catechin”, the lower the
quality.Therefore, it is important to pick the tea at the timing when the theanine content is
maximized.In an actual farm, the timing of picking is decided at the leaf opening stage, not at the
component analysis.The leaf opening period consists of 8 stages, from the germination period
until the 7th leafopening period.As a rule of thumb, the highest quality is achieved at the 5th leaf
opening stage.Skilled technique is required to determine the leaf stage.We shoot a tea plantation
with a large drone and analyze the shot image by deep learning.Analyzing each leaf opening stage
leads to quality prediction.And I've been thinking about how to predict quality.In order to
determine the leaf opening stage, we tried to classify the images using a well-known method,
Luminance histogram,Spectrum analysis by FFT and AKAZE.However, none of the conventional
methods were able to classify well.The cause is that it is difficult to extract the features due to
the fuzzy of the tea image.Therefore, we devised a classification method using deep learning.We
use DCGAN, SAE, LSTM and CWD.The originality of this research lies in the fact that these analyzes
are not performed individually but continuously.

Keywords: Image Analysis, Tea Quality, Apps iPhone

1 INTRODUCTION

In cultivation, harvesting and consumption of tea, there are many aspects to be evaluated by
the usual engineering approaches. The purpose of this study is to predict the optimum tea quality
by the another unique methods we improve. The quality varies greatly depending on the amino

1 Corresponding author.
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acid value contained in the tea leaves, and it depends on theanine in particular. High-quality tea
can be obtained by plucking the tea with the maximum content of theanine, which is an umami
ingredient. However, theanine is transformed into catechin, which is an astringent ingredient, in
the sunlight. Leads to a decline. Tea leaves are divided into first tea, second tea, third tea, and
autumn -winter bancha, and each period is called the plucking time, and the optimum picking
timing at the plucking time is called the optimal time.

Content Rate

100%¢4

»

Catechin

50%
Theanine
0% 1 2| 3 54 5 . 4 )
] Leaf Opening Period
Optimal time
—>

Plucking time

Figure 1. Optimal time and Plucking time

Tea industry officials use the leaf-opening period as a criterion for determining the optimal
time for plucking. The sprout of tea leaves opens at a rate of about once every 5 days on average,
and is divided into 6 to 7 stages of leaf opening depending on the leaf opening state. The highest
quality period when theanine is maximized is the 5th leaf opening period. Tea industry personnel
comprehensively judge the tree vigor from the growth status of tea leaves, branch elongation,
adult leaf size, color, etc., and judge the leaf opening period, but accurate judgment requires
skillful skills.

K
— K
P=—at Q=1-—=R
1+ 14Xe
Np-1 No-1

Formulal. Amino acid content of theanine and catechin

Our research is to judge the opening stage of tea leaves from the viewpoint of image analysis.
We collected the images with a large industrial drone. So far, we have tried to compare the image
features at each leaf opening stage by performing brightness histgram, spectrum analysis, AKAZE
feature point extraction, and three-dimensionalization of the image. However, it is difficult to say
that any has achieved sufficient results. To attempt more serious classification, this study
classified tea leaf images by deep learning. Image analysis was performed using the Continuous
Wavelet Decomposition (CWD) and deep learning DCGAN, PCA, SAE, and LSTM as methods. The
advantage of combining many methods is that it makes it easier to classify images that are difficult
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to classify accurately with just a single method. Based on these, we considered the development
of an application to be proposed to a large-scale agricultural corporation.

2 DATA COLLECTION

With the cooperation of Kagoshima Horiguchi Seicha, we took a picture with a drone. The
drone is Aerosense's AEROBO AS-MC3-T and RGB cameras used the UMC-R10C from SONY, and
the multispectral camera used the Altum from Michaelsence. From October 2020 to August 2021,
the photographs were taken in 11 periods.

It was taken in each period after the first tea, the second tea, the third tea, and the autumn-
winter bancha.

Figure 2. RGB image of tea leaves

Figure 3. Multispectral images of tea leaves
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The total number of data acquired is over 120,000, and the minimum shooting altitude is 5m.
All images were taken from directly above the field and are not angled. All captured images are
5456 x 3632 pixels.

3 DATA PREPROCESSING

An attempt was made to extract the features of the image using a commonly used method.
First, 200 images were extracted for each of the first, second, and third teas, and represented by
a brightness histogram. The brightness in the range of 100 pixels to 150 pixels is easy to see with
the human eye, but no noticeable change was seen in that range. This suggests that it is difficult
to distinguish tea leaves with the naked eye.

Number of pixels
SETUNE

Number of pixels
AR RE

Figure 4. image brightness histogram

Second, the frequency of the image was analyzed by the fast Fourier transform, and compared
with the original image using a high-pass filter and a low-pass filter.The image with only the low
frequency band was almost the same as the original image, and the image with only the high
frequency band could hardly be feature-extracted.

n-1 2 1 271
Z cixt = Z Cpix? + x z Cpip1 X%
i=0 i=0 i=0

Formula2. Fast Fourier transform(FFT)

In other words, the features of the tea leaf image are concentrated in the low frequency band,
which also suggests the difficulty of extracting the features of the tea leaf image.Therefore, it is
extremely difficult to properly classify tea leaf images using a general image analysis method.
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In this study, multiple deep learnings were used in succession in order to successfully extract
features. As a prototype, 800 images of 256 x 256 pixels were cut out from the image taken on
October 30, 2020, and we made a data set of the input image.

This dataset is very important in linking our research with the tea leaf expert's perspective.
Normally, tea industry personnel do not take a bird's eye view of the entire tea plantation.
Instead, they focus on a part of the tea plantation and see how it grows.Then, it is judged whether
or not it is picked. Therefore, in order to get the same perspective as the tea leaf expert, it is
necessary to cut out a part of the acquired data and use it as a data set.

4 CONTINUOUS WAVELET DECOMPOSITION AND DCGAN

Deep Convolutional Generative Adversarial Networks is a type of GAN, which is a deep learning
method characterized by having two learning devices, a generator and a discriminator.DCGAN is
especially easy to automatically generate images. When DCGAN learns the input image, DCGAN
generates a fake image that imitates the input image. While the learning accuracy is low, the
classifier immediately determines that the fake image is fake.However, as the learning accuracy
of the generator increases, the image that looks exactly like the real thing is generated so that
the discriminator makes a mistake in the classification.By extracting the features from the fake
images generated with low learning accuracy, it is possible to extract information that could not
be captured by the analysis of the tea leaf image itself. In this study, as a preprocessing of DCGAN
data, the Continuous Wavelet Decomposition (CWD) of images was performed on 800 data sets.
CWD is a method of extracting feature quantities by dividing a time-series signal into a plurality
of wavelets, and a one-dimensional wavelet is used for an audio signal and a two-dimensional
wavelet is used for image processing. The Daubechies CWD used in this study is an advanced
version of the multi-resolution analysis proposed by Mallat (1989a).
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Figure 5. Daubechies the Continuous Wavelet Decomposition

N-1 N-1
px) = Z hep 2x — k) Y(x) = Z gre (2x — k)
k=0 k=0

Formula3. Mother wavelet and Scaling function of Continuous Wavelet Decomposition

First the dataset was grayscaled, then Daubechies WD resulted in 4 pairs of images. Here, of
the 4 output results, the upper left image is an identity map, which is the same map as the original
image.800 images per pair, 128 x 128 pixels, were generated. We treat the 4 output groups as
separate data sets. That is, we treat a total of 3200 images. Each of 800 images, we treat 600
images as training data, and we treat 200 images as test data. The learning results are currently
being verified, and validation data needs to be prepared to improve accuracy.

Second, We ran DCGAN about 4 training data each as the input layer. The probability
distribution of DCGAN-generated images that have been learned from images taken at the same
date and time represents the range of characteristics of tea leaf images at a certain shooting time.

As a heuristic, the loss function of the generator and discriminator was used. It can be seen
that there is a large difference in the number of epochs until the loss function converges to a
certain value between the case where the preprocessing by CWD is performed and the case
where the preprocessing is not performed. It was also found that it can be used to judge that

the learning accuracy is sufficiently improved by the convergence of the loss function

N
uij:z Z XpgleWp—iq-jje | T bi

k=1 |(p.q9)Epij

Formula4. Convolution layer of deep convolutional generative adversarial networks (DCGAN)

90



KEER 2022 | 9TH INTERNATIONAL CONFERENCE ON KANSEI ENGINEERING AND EMOTION RESEARCH 2022

Loss
Loss
—— Generator
15.0 | Discriminator 10 Generator
Discriminator
125 N
10.0
64
7.5 4
44
5.0 4
25 A 2
- o S
oo T T T T T T T 01
o 25 50 75 100 125 150 175 200
Epoch
Loss Loss
—— Generator 121
10 e —— Generator
Discriminator Discriminater
10 4
8
84
6 4
[
4
44
24 2]
.\\5_‘_ -
0+ T T T T T 0
T T T T T T T
V] 5 50 L] 100 125 150 175 200 o 5 50 5 100 125 150 175 200
Epoch Epoch

Figure 6. DCGAN Loss Functions

Figure 7. DCGAN Automatic image generation

The first loss function is that of the identity map, and the other three are the result of CWD in
each direction. From this comparison, it can be said that the loss function is more likely to
converge when DCGAN is performed after CWD than when DCGAN is performed without CWD.

5 SAE AND PRINCIPAL COMPONENT ANALYSIS

The generated hidden layer of the second layer is used as the input layer of the third layer. The
characteristic of SAE is that the number of nodes is reduced by extracting hidden layers one after
another. Pretreatment by principal component analysis (PCA) was performed to use SAE. PCA is
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one of the linear dimension reduction methods. First, the direction in which the data variance is
maximized (first principal component) is determined, and then the basis orthogonal to the
determined direction (second principal component) is determined. Through this, it is possible to

reduce the feature amount of the image.
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Figure 8. Principal Component Analysis

6 LSTM AND PREDICTION OF OPTIMAL TIME

Long short-term memory (LSTM) is a type of recursive neural network characterized by having
a forgetting layer gate in addition to the input layer and output layer. Images automatically
generated via WD and DCGAN are time-series data via SAE. By predicting time-series data for
each shooting time through LSTM, the difference becomes explicit. In addition, LSTMs have a loss
function, so both DCGAN and LSTM are available.

Zej = J((Woutxt)j + (Rourzt—l)j)f(cr,j)
Cij = G—((M’,Enxt)j + (Rinzt—l)j)f(((m:xt)j + (R.:Zt—1)j) + U((M/}orxt)j -+ (Rforzt—l)j)ct—l,j

Formula5. Long short-term memory

Therefore, the LSTM completes an analysis engine that can predict the optimum plucking time
while having a certain width. Since LSTM is time-series data, other time-series data such as
temperature, humidity, and amount of solar radiation can be used as data for prediction.
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Figure 9. LSTM Prediction

7  APPLICATION DEVELOPMENT

Tea quality predictions obtained through multiple deep learning.The results are managed by a
server on the cloud. Meanwhile, an iPhone application is under development for a large-scale
agricultural corporation. Agricultural personnel take a tea leaf image with an iPhone in the field.
At that time, environmental information such as GPS information of the shooting location and
wind speed is also acquired. The acquired data is sent to the cloud, and it is determined which
environment is similar to the image of which shooting day at which place.

From the judgment result, the period until the optimum time for plucking is predicted. The
predicted period is sent to the iPhone terminal with a certain width. In other words, it is an
application that feeds back the optimum time for plucking when shooting with an iPhone in the
field. We would like to contribute to improving the quality of tea with this application.
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Figure 10. Development for iPhone Apps (screen under development)

8 CONCLUSION

In this study, the tea quality will predict usesig our unique method the combination of WD,
DCGAN, SAE, and LSTM. However, it does not accurately describe how effective our analysis
method is compared to existing image analysis methods. And how to compare the evaluation of
DCGAN and LSTM. Also the selection of necessary field data exactly are our future tasks. In
addition, our study accumulate differences in the amount of features for each tea type and
shooting date especially. Moreover we determine an approach on the leaf opening period more
clearly.

9 IMPLICATION

Finally, we think the relationship between our research and Kansei engineering. From the
perspective of Kansei engineering, our research can be said to be the pursuit of the deliciousness
of tea. Generally, the higher the quality of tea, the better it is. So what does it mean that tea
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leaves are of high quality? Chemically, as already discussed, “Umami” depends on the amino acid
content. Tea leaves are plucked at the appropriate content.

If the picking time can be determined only from the images of tea leaf, we think it may be an
index of deliciousness different from the amino acid content. We hope that this research will give
you an opportunity to think about what “Umam/” is.
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ABSTRACT

Sustainability labeling is commonly applied to consumer products. It is usual to find labels
related to different sustainability aspects, such as environment, health or fair trade. Consumers
with sustainability awareness will base their choices on how the product aligns with their values.
However, consumer preferences about sustainability traits may depend on the specific type of
product.

To determine if perceptions on labeling about sustainable aspects differ based on product type,
a study was carried out in which 73 participants chose between three versions of a same product,
each version containing a sustainable label (environmental, social or related to health). Three
different products for daily use were chosen: food (a milk carton), clothing (a T-shirt) and a
personal hygiene product (a bottle of shampoo). For each product and aspect of sustainability,
the labels were chosen among the best known. Choices had to be made around various
perceptions: quality, price, sustainability, trust, willingness to pay and general choice
(preference).

The results show that, for some questions, the choice of the preferred sustainability aspect
depends on the product. Therefore, it is concluded that the evaluation and decision criteria of
sustainable labeling may vary, depending on the type of product to which it is applied.

Keywords: product labeling, sustainability, perceptions, choice, type of product
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1 INTRODUCTION

Consumers are increasingly aware of the environmental repercussions that their actions and
purchase decisions have on the environment. This environmental awareness has been evolving
and becomes a motivating and valued component in the purchase decision (Borin, Cerf, &
Krishnan, 2011). Some authors have analyzed and evaluated the factors related to the
environmental responsibility of consumers, highlighting aspects such as knowledge in this area
and their awareness of the environment, attitude, ecological values, emotional affinity towards
nature or their willingness to act in an environmentally friendly way (Taufique, Chamhuri, Talib,
& Chamhuri, 2014). However, apart from the environmental aspects, the information related to
the repercussions on their own health, or social conditions and local commerce, is increasingly
valued by consumers and even decisive in the purchase decision, while it has been scarcely
analyzed in the literature. According to Carvalho, Salgueiro, and Rita (2015), these global
indicators constitute what they call sustainable consumer awareness, which increases as access
to information does.

Although product information can be presented in different ways (packaging, instructions
manuals, billboards, etc.) and formats (images, phrases, symbols, etc.), labels seem to be the most
appropriate means of providing the information required by the consumer, generating greater
transparency and confidence (Carvalho et al. 2015). According to Lamb, Hair, and McDaniel
(2011), an informative label is understood as the symbols or text designed to help consumers
properly select products by reducing their cognitive dissonance, unlike persuasive labels, whose

main objective is focused on promotional aspects, where consumer information is secondary.

Regarding environmental considerations, the effectiveness of environmental product labeling
has been widely used by companies to differentiate their products from others without
environmental considerations (D'Souz, 2000). However, the information transmitted by these
eco-labels is not always clear to the individual, and there are numerous studies available in the
literature focused on analyzing their effectiveness in different products, such as clothing
(Koszewska, 2011), food (Van Amstel et al., 2008), vehicles (Noblet, Teisl, & Rubin, 2006) or
washing machines (Pérez-Belis, Bovea, Vergara, & Mondragon, 2015). Other aspects analyzed in
the literature are related to the perception of labels related to product quality (Grunert &
Aachmann, 2016) or those related to fair trade (Rousseau, 2015).

To ensure complete understanding, the information on product labels should be clear, reliable
and understandable, allowing consumers to detect, read and understand this information, on
which they base their purchase decision (Thggersen, 2000; Leire, & Thidel, 2005). But beyond the
information provided by these labeling systems or the consumer’s understanding, it is necessary
to know the way in which these types of labels are emotionally perceived, since according to
Janssen and Hamm (2012) consumer’s perception is of a subjective nature, not basing their
purchase decision, in most cases, on objective knowledge. According to Brécard (2014), although
consumers understand, for example, that an ecolabel is a symbol of environmental quality, most
of them opt for one product or another, depending on what that symbol, information or label
conveys to them, more than by the technical or environmental qualities that it communicates.
That is why it is essential that labeling systems connect with the emotional part of consumers, in
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the same way that big brands do (Berger & Hari, 2012). However, to gain insight about the
connection between labels and the subjective impressions generated, more studies are needed.
For example, it is essential to know if the same labels cause the same perceptions, depending on
the type of product that displays them.

Within this approach, a study has been carried out with the aim of analyzing the influence of
the type of product and the sustainability dimension on certain meanings, emotions and
preferences generated by the product.

2 METHODOLOGY

The study aims to analyze the assessment of some labels related to different sustainability
dimensions (environment, health and social respect), in various perceptions or subjective
impressions that they generate (meanings, emotions and product preference), depending on the
type of product in which the sustainable labeling is shown.

2.1  Participants

Seventy-three individuals (32 women and 41 men) participated in the experiment. Most of
them (94.5%) were students, while the remaining 5.5% was made up of University staff. Regarding
age ranges, 86.3% were under 25 years old, 6.8% belonged to the group from 26 to 35 years,
5.5% from 36 to 45 years, and 1.4% from 46 to 55 years. None of them had specific knowledge
about sustainability labels.

2.2 Stimuli

The selection of product types and labels has been made based on a previous review and
classification. Preference has been given to those labels related to sustainability dimensions that
are applicable to various types of product, and that may be familiar to consumers because they
are frequently used. The types of product have also been chosen from among those commonly
used. The chosen products are a food product (a milk carton), a textile product (a T-shirt), and a
basic cosmetic product (a bottle of shampoo).

Regarding labels, efforts have been made whenever possible for products to share the same
label for a given sustainability dimension, although this has not always been achieved. Next, the
chosen labels are explained and summarized in Table 1.

Sustainability dimension of environmental respect

e FSC: The Forest Stewardship Council label shows a certification about products that come
from well-managed forests, responsible sources or recycled materials (FSC, 2018).

e Ecolabel: This label from the European Union shows environmental excellence in products
and services that meet high environmental standards throughout their life cycle (UE-E ,
2020).

Sustainability dimension of health respect
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e EU organic label: This label provides a visual identity for organic products that meet strict
conditions of production, transformation, transport and storage (EU-OL, 2010).

e  OEKO-TEX: This certification system promotes the development of sustainable products in
the textile and leather industry, following quality controls and standards (OT, 2022).

e Eco-Cert: This certification guarantees, among others, ecological and healthy production,
responsible use of natural resources, absence of certain ingredients and recyclable
packaging. (EC, 2022).

Sustainability dimension of social respect

e Fairtrade: The Fairtrade labels are a guarantee that the products are independently
audited according to rigorous standards (FT, 2022).

Thus, the Fairtrade label (social respect) is shared for the three products, and the Ecolabel label
(environmental respect) for two of them.

Table 1. Label selected for each sustainability dimension

Sustainability Cosmetic Food (Milk Textile (T-Shirt)
dimension (Shampoo) Carton)
Environment rl‘\\{5._ r.‘\\{:"
respect
Ecolabel FSC Ecolabel

\

Health . ;
Tested for h
respe ct R according o Oeko-Tex Standard 100

ubstances

Social respect

FAIRTRADE FAIRTRADE FAIRTRADE

2.3 Procedure
Six perceptions or subjective impressions (Sls) were selected for the analysis of their elicitation,

based on the labels. Next, the Sls are shown, followed by the specific question required to
participants:

e Sustainability: Select the most sustainable product.

e Trust: Select the product that generates more trust.

e Quality: Select the highest quality product.

e Willingness to pay: Select the product for which you would be willing to pay a higher price.
e Price: Select the most expensive product.

e Choose: Select the product you would choose first.

None of the Sls assessed is directly related to the specific meaning of the labels; that is, the
level of knowledge or understanding of labeling is not being evaluated. Instead, emphasis is
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placed on the impressions achieved with each of the labels, which will be analyzed according to
the sustainability dimension, and the type of product.

Images of each type of product were created, and slides were prepared showing a product,
repeated 4 times: one with each of the labels (3 sustainability dimensions), and also another
image with the product without any label, representing an ‘Indifferent’ option. The order in which
the labels appeared was randomized. For each type of product, 6 slides were made (Figure 1). In
each one, participants were asked to select the version of the product considered to best meet
one of the subjective impressions. It was also said that, in the event that there was no particular
preference, the ‘Indifferent’ option should be indicated, although this choice was requested to
be avoided as much as possible.

INDIFFERENT

FAIRTRADE
—

o
R i
| INDIFFERENT ‘
MOST O
SUSTAINABLE

INDIFFERENT

O

Figure 1. Three examples of the slides, one for each type of product, from among the 18 considered in
the study (6 assessments per product).
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3  RESULTS

Figure 2 shows, for each subjective impression, the times (percentage) that each of the 3
sustainability dimensions of products has been selected: health, environment and social. In most
cases, the environmental label is the most chosen, especially for the question about sustainability.
For this question, the percentage of cases in which the environmental label is chosen, is much
higher than in the rest of the labels: 87.67% for the bottle of shampoo, and 71.23% both for the
milk carton and the T-shirt. Thus, the concept of sustainability is mostly associated with the
environmental dimension, for the 3 types of product analyzed.

Sust_dimension
100 SUSTAINABILITY 100 TRUST EH
ealth
M Ervironment
80| 80 M Social
W Indifferent
60| 80
40| 40
i I I ) I- I I I
ol | -_ -_— —_— 0 _. -
SH ML TS SH ML T8
moé QUALITY 100 WILLINGNESS TO PAY
80| 80
60| 60
40| 40
i I I II )
o - o -
i SH ML TS SH ML TS
100/ PRICE 100/ CHOOSE
80| 80
60 60|
410 40
20 201
0
¢ SH ML s

Figure 2. Selection percentage for each product (SH: bottle of shampoo; ML: milk carton; TS: T-shirt) and
sustainability dimension, by subjective impression.

Also, in the question about the trust generated by the product, the environmental label was
chosen first for the three products, although in this case the percentages are not so high (65.75%,
57.53% and 45.21%, for the bottle of shampoo, the milk carton and the T-shirt, respectively). For
the milk carton, the health label is chosen a much higher percentage of times (38.36%) than the
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social one (2.74%). However, in the case of the T-shirt, the difference between both labels is not
high (30.17% and 24.66%, respectively). The health label also maintains in other questions a high
relative percentage of answers for the milk carton, probably because the milk carton is a food
product, and health is prioritized to a greater extent, while in the T-shirt or the bottle of shampoo,
more value is given to social aspects.

Regarding the perception of quality, for the bottle of shampoo, this is fundamentally
transmitted by the environmental label (46.58%), although closely followed by the social one
(36.99%), while for the milk carton, quality is represented by the environmental label (56.16%),
followed by the health one (39.72%). In the case of the T-shirt, the social label is the most
representative of quality (42.47%), while the environmental and health labels maintain very
similar percentages. These proportions are similar to those obtained for the question about
willingness to pay, which may mean that the participants associate more the willingness to pay
for products that they perceive to be of higher quality, above other subjective impressions, such
as sustainability.

However the results of willingness to pay does not match with its assumed price, especially for
the bottle of shampoo, for which the social label is chosen first (52.05%) as the most expensive
version, despite participants had said they would pay more for the environmental one. The social
dimension is also the most identified with price for the T-shirt, even with a higher percentage
(54.79%), while for the milk carton it is the third dimension, below environmental and health
labels.

Finally, the question ‘Select the product you would choose first’ denotes the general
preference of the product. In this case, the environmental label is the most chosen for the bottle
of shampoo (52.05%) and the milk carton (64.38%), while for the T-shirt, it is selected by the same
percentage of participants than the social label (36.99% each). Following the pattern seen
previously in other questions, the health label for the milk carton is chosen by a higher percentage
of participants than for the other products, although as the second option, after the sustainability
label.

4 DISCUSSION AND CONCLUSION

The results show that, in general, consumer's final decision related to sustainability factors is
mainly guided by information from environmental issues, which agrees with the most studied
type of sustainable consumer responsibility (Taufique et al, 2014). Probably this result is because
sustainable labeling on environmental aspects has been widely used in products (D’Souz, 2000).
In fact, the question about sustainability is the one where the results are more focused on this
label: for the products with the lowest choice of the environmental label (the milk carton and the
T-shirt), this dimension represents the 71.23% of the total selection. Thus, it can be concluded
that the environment is the sustainable dimension that consumers most identify with the global
concept of sustainability.

For the T-shirt the preference is shared equally between the environmental and social labels.
Besides, reviewing the rest of the questions, it can be seen that, except for the question about
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sustainability and the one about trust, the social label is always the first option in the "T-shirt"
product. This result is consistent with the fact that clothing is a type of product for which much
has been said about the need to recover a sustainable system, in which excessively cheap labor
and poor social conditions are not used.

Also for the bottle of shampoo, the social label is more selected than the health dimension.
However, in the case of the milk carton, the health dimension is always the second option, after
the environmental one, and above the social label. Considering that the questions are not directly
related to the specific meaning of the labels (no question refers to care of health, environment
or social conditions), this shows that the type of product considered is capable of modifying the
relative meaning of the sustainable labeling. Thus, a T-shirt with social labeling has achieved a
greater impression of quality than another one including health labeling. On the contrary, the
carton of milk is considered to have more quality in its version with healthy labeling than with the
social one.

As previously mentioned, for each product and dimension, the label considered best known by
the participants has been included in the study, and this has led to use the same label in some
cases (social or environmental aspect, as seen in Table 1). However, different results are obtained
between products for the social dimension, which shares labeling in all of them. Differences have
also been found for the bottle of shampoo and the T-shirt, between the social and environmental
dimensions, even though they share representative labels. For example, for the questions about
quality, willingness to pay and choose, the bottle of shampoo with the environmental label
(Ecolabel) is considered more representative than the social one (Fairtrade), and just the opposite
occurs with the same labels for the T-shirt. This shows that the differences found are due to the
sustainability dimension, and not to the specific label used in each case. Brécard (2014) indicated
that consumers are affected by the perceptions that a label conveys to them, more than by real
information communicated by the label.

The results of this study allow enriching previous statements, as it can be concluded that
perceptions and decision criteria of sustainable labeling may vary, depending on the type of
product to which it is applied. Future work could consider the study of the consumers’ behavior,
based on specific labels of each sustainable dimension.
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ABSTRACT

In small musical groups, performers can seem to coordinate their movements almost
effortlessly in remarkable exhibits of joint action and entrainment. To achieve a common musical
goal, co-performers interact and communicate using non-verbal means such as upper-body
movements, and particularly head motion. Studying these phenomena in naturalistic contexts
can be challenging since most techniques make use of motion capture technologies that can be
intrusive and costly. To investigate an alternative method, we analyze video recordings of a
professional instrumental ensemble by extracting trajectory information using pose estimation
algorithms. We examine Kansei perspectives such as the analysis of non-verbal expression
conveyed by bodily movements and gestures, and test for causal relationships and directed
influence between performers using the Granger Causality method. We compute weighted
probabilities representing the likelihood that each performer Granger Causes co-performers’
movements. Effects of different aspects of musical textures were examined and results indicated
stronger directionality for homophonic textures (clear melodic leader) than polyphonic
(ambiguous leadership).

Keywords: Kansei information processing, Social interaction, Entrainment, Granger causality,
Joint actions.
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1 INTRODUCTION

Temporal data now appear everywhere, and this statement is getting increasingly true with
the availability of new modalities, recording devices, and innovations. With recent advancements,
studying joint human activities is becoming increasingly accessible, and thus helps with
investigating perception and actions among individual and small group setups.

Coordinating tasks is an essential aspect of our lives, and we tend to demonstrate remarkable
examples of cognitive and movement-related synchrony to achieve shared task objectives.
Humans have a presumably innate capability to entrain their movements, and this is particularly
seen in artistic activities such as music and dance where we tend to exhibit intrapersonal and
interpersonal entrainment (Clayton et al., 2005; Miyata et al., 2017). The evolutionary process
has rendered humans to indulge in social interactions where we may use different communicative
capabilities such as voice tonal quality, facial expressions, and bodily gestures, along with
cognitive capabilities of perceptual sensitivity and heightened attention to achieve common goals
in joint actions (Knoblich & Sebanz, 2006; Tomasello & Vaish, 2013).

In social situations, it is but natural for humans to assume different roles (leader or follower)
during joint actions (Chauvigné & Brown, 2018). This can be observed in situations where two
people coordinate their movement to lift and move a large heavy object while providing each
other with verbal cues. These cues can also be non-verbal, as seen in artistic activities such as
dance or musical performances where participants entrain their movements, assume the role of
a leader or follower depending on the structural task (Keller et al., 2014; Noy et al., 2011), and
adapt to each others’ actions at different temporal scales (Chang et al., 2017; Kirschner &
Tomasello, 2009; Noy et al., 2011; Shockley et al., 2003). Music ensembles thus serve as ideal
test-beds to study leader-follower relationships in joint actions. They tend to act as self-regulated
groups that mutually contribute to commonly shared goals of delivering a flawless performance
by avoiding errors. With the objective to fulfill the aesthetic and technical goals of a musical
composition, ensemble groups members exhibit non-verbal cues such as synchronized bodily
movements, especially upper body movements among string quartets (e.g., Keller & Rieger,
2009). During the collective process of co-creation of music, these movements eventually lead to
synchronized states where a musical group slowly converges into a single organism (Camurri et
al., 2016; Varni et al., 2010).

In this paper, we investigate such subtler, “Kansei”-level, qualitative features of joint actions,
particularly the directionality of influence of a leader-follower relationship that emerges during a
music performance, which is often communicated using ancillary body movements such as head
and body sway (Alborno et al., 2019; Bishop et al., 2021; Chang et al., 2019; Hilt et al., 2019).
Based on previous studies (Badino et al., 2014; Hilt et al., 2019), Granger causality (GC) is utilized
to quantify the directionality of influence by making use of trajectory information of the head
motion (Granger, 1969). These data are extracted using pose estimation algorithms on video
sequences of a professional musical ensemble’s performance. Unlike previous methods that
made use of marker-based motion capture data (MoCap) (Badino et al., 2014; Chang et al., 2017;
D’Ausilio et al., 2012; Hilt et al., 2019), we used video recordings with marker-less techniques to
localize body coordinates of interest. An important contribution of this study is to propose a
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conceptual approach to examine “Kansei”-level information by investigating directional flow of
non-verbal communication using only video sequences, thus allowing the examination of
musicians’ movements and associated interactions in naturalistic settings. We also use this
technique to then address research questions about the effects of musical structure on

leadership dynamics.

This paper is organized as follows: in Section 2, we highlight the research objectives and
present relevant studies that have examined leadership dynamics in social situations and on the
associated effects of musical textures on leader-follower relationships; Section 3 begins by
describing our conceptual approach and methodology to measure directionality of influence, and
this is followed by presenting the dataset; Section 4 we present statistical results and in Section
5 we discuss results, conclude the paper, and highlight the limitations and possible future
activities.

2 RESEARCH OBJECTIVES AND RELATED WORK

In this research, our objectives are twofold:

1. Propose a conceptual approach and framework for extracting “Kansei”-level features for
the analysis of leadership dynamics in small group interactions; and
2. Utilize such an approach to investigate the effects of musical texture and directionality of

coupling

In this section we summarize the background and related work with regards to the above-
mentioned objectives of this study, i.e., (i) existing methods adopted to analyze leadership
dynamics in joint musical actions and (ii) studies examining causal relationships of musical
textures.

2.1  Social interaction and leadership in joint musical actions

Humans tend to coordinate tasks with each other almost effortlessly, especially in socially
engaging situations such as lifting heavy objects together or jointly playing drums where the
limbs” movements eventually synchronize to a common beat (Wallin et al., 2001). In the case of
musical ensembles, a shared state of synchronization, often termed entrainment, indicates a
spatiotemporal coordination between two or more individuals (Phillips-Silver & Keller, 2012), and
is observed among musical performers who engage and communicate with each other non-
verbally to achieve the technical and artistic objectives of a musical piece (Clark, 1996; Keller et
al., 2016; Sebanz et al., 2006). During such joint actions, the importance of leadership in group
dynamics is often highlighted for the successful co-creation of sound (Murnighan & Conlon, 1991;
Timmers et al., 2014).

Looking at four relevant studies on GC in musical ensembles, one analyzed position (Chang et
al., 2017) and three analyzed acceleration time-series data (Bishop et al., 2019; D’Ausilio et al,,
2012; Hilt et al.,, 2019). Using GC, we can infer the causal relationships between two co-
performers’” movement-related time series, to check if one (leader) stimulates movement in
another (follower) (Glowinski et al., 2012). Following Chang et al. (2017), we use position time-
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series information, and in addition to the anterior-posterior head sway, we also made use of
proximal and distal head movements. Previous research in small group interactions have
suggested that the coordination of upper-body movements, particularly head movements, are
correlated with the onset of sounds, showcasing that both audio and visual cues are utilized to
communicate during music performances (Bishop & Goebl, 2018; Ragert et al., 2013) and head
movement coordination is closely linked with a higher sense of connectedness (Latif et al., 2014;
Marsh et al., 2009). Additionally, it has been found that the anterior-posterior sway of upper-
body movements is informative about leader-follower relationships (Keller & Appel, 2010).

While our proposed approach specifically addresses musical ensembles, it is in essence being
utilized to study leader-follower relationships in small group interactions. Musical ensembles
happen to be valuable experimental setups to study subtler aspects of non-verbal communication
in small groups, and an added benefit is that, as researchers, we can set strong experimental
controls (D’Ausilio et al., 2015).

2.2 Effects of musical texture

In the present study, we address how the variation in directionality of coupling relates to the
musical texture, a structural aspect of music related to the complexity of the relationship between
multiple simultaneously sounding parts. While it is not definitively clear how textural changes can
affect group dynamics and eventual coordination, based on previous research (Novembre et al,,
2015; Noy et al., 2011; Sabharwal et al., 2022; Varlet et al., 2020), we hypothesize that our
measurement of the influence in directionality of coupling would be higher in homophonic
textures than in polyphonic textures. Homophonic textures are those where there is a clear
melodic leader while in polyphonic textures the leadership is distributed among co-performers.

3 CONCEPTUAL FRAMEWORK, DATA AND METHODOLOGY

In a previous study (Sabharwal et al., 2022), we proposed huSync (Human Sync), a multimodal
computational model and system to study the small group interactions that entail non-verbal
social communicative behavior. We utilized huSync to quantify interpersonal coupling in a small
musical group and revealed how dyadic synchronization varied as a function of textural demands
and position within the musical phrase. As an extension of our previous work, and to address the
research objectives of this study, we make an attempt to quantify mutual interaction, and
leadership and study the effects of musical structure on the directionality of coupling by making
use of relatively long timescales of upper-body movements such as head sway (Alborno et al.,
2019; Chang et al., 2019; Hilt et al., 2019).

A B C
Input Feature Measure
signal > extraction > Entrainment >

Figure 1 An illustration of our experimental approach
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From the computational model shared in Sabharwal et al. (2022) (Ref. Fig. 1), we derive our
experimental approach which consists of the following four steps:

1. Input signal: In the first step (Fig. 1(A)) we read the video signals from standard video
recordings and pre-process using the pose estimation algorithm AlphaPose (Fang et al.,
2018), to obtain a json file consisting of trajectory information of (x,y) body part locations
sampled at 30Hz.

2. Feature extraction of relevant key-point(s): On observing the outputs available using
AlphaPose, the best representation of the head from the available face landmarks was
the nose key-point, and here we select it as a cue on head sway. The nose trajectory data
are then utilized to quantify directionality of influence among performers in the next block
(Fig. 1(B)).

3.  Measurement of entrainment: In the third block (Fig. 1(C)), we measure the directionality
of information flow by applying GC using the Statsmodels Python module (Seabold &
Perktold, 2010), on time-series data of the X and Y coordinates separately for all possible
dyadic pairs. For the viola player (Fig. 2, center), due to the seating position and being in
the center of the camera view, an anterior-posterior sway is not effectively tracked, and
thus we also use the Y coordinate to track proximal and distal movements, which were
noted to be reliable during our feasibility tests. On performing the GC test to check if time-
series A causes B, and if p<.05 we reject the null hypothesis and infer that the past values
of A have a statistically significant effect on the current value of B — thereby
demonstrating a causal relationship between the two time-series. In musical
performances, as in most behaviors, it is common to have a delay in between a stimulus
and response (Chang et al.,, 2017, p. 20; Meals, 2020), and to address this issue, we
performed GC tests for a lag of ~1 sec and used multiple lag lengths up to 30 (equal to the
sampling rate), for both the X and Y coordinates of the nose key-point separately for each
pair.

4.  Analysis: In the fourth step (Fig. 1(D)) GC results obtained are mapped in a tabular layout
for further analysis. Specifically, for each phrase analyzed, a table is made with the column
values indicating the Granger causing time-series, with 1 representing the left-most
musician (violin) and 5 representing the right-most (clarinet). We assign a ‘1’ for cells
where we detect GC (irrespective of lag) and assign ‘0’ for other cells where the time-
series were either not stationary or where p>.05. Fig. 3 represents the mapping process
adopted to assign binary values to the GC results. Here, ‘NC" implies ‘Not calculated’ since
either one of the time-series was not stationary, and was also assigned ‘0’, while NA
implies ‘Not applicable’.

X Coordinate X Coordinate Y Coordinate Y Coordinate
2 3 4 5 1 2 3 4 2 3 4 5 1 2 3 4
C NA| 1 0 1 C NA| 1 0 1

1 5 1 5

1| NA | Yes | NC | Yes | Yes 1 1 1| NA | Yes | NC | Yes | Yes 1 1

2| Yes | NA | NC | Yes | Yes - 2l 1 [NA| O 1 1 2| Yes | NA | NC | Yes | Yes - 2] 1 [NA| O 1 1

3| NC | NC | NA | NC | NC 3] 0 NA| O | O 3| NC | NC | NA | NC | NC 3] 0 NA| O | O

4| Yes | Yes | NC | NA | Yes 4| 1 0 |[NA| 1 4| Yes | Yes | NC | NA | Yes 4| 1 0 |NA| 1

5| Yes | Yes | NC | Yes | NA 5| 1 1 0 1 | NA 5| Yes | Yes | NC | Yes | NA 5| 1 1 0 1 | NA
(A) (B)

Figure 2 Mapping process of GC results to binary values
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This framework was used on a dataset consisting of performance recordings by the Omega
Ensemble, a professional chamber music group from Australia. For our study, we performed an
analysis on recordings (Fig. 2) of the Clarinet Quintet in B minor (Op. 115) written in 1891 by
Johannes Brahms (1833-1897).

Figure 3 An image from the performance of the Brahms Clarinet Quintet (Left) and output available
with tracked key-points using a pose estimation algorithm (Right)

Videos were recorded using a front camera, and split into parts based on textural annotations
(homophonic and polyphonic) that were made using ELAN (ELAN, 2022) based on a musicological
analysis of the published score. In Table 1 we report the number of phrases that were selected
for our study. We made use of an equal number of homophonic and polyphonic phrases to have
balanced textural classifications, and their minimum, maximum, median, and average duration.

Table 1 Summary of the complete dataset and selected phrases for our experiments.

Complete Dataset Selected Phrases
Duration (s) Duration (s)
. . . Countf . . . Count
Minimum Maximum Median Average Minimum Maximum Median Average
Homophonic|| 15.03 38.20 19.74 2157 27 16.75 34.87 2160 2351 12
Polyphonic 15.49 33.08 23.10 2353 20 15.49 27.55 20.16 2111 12
4 RESULTS

A two-way analysis of variance (ANOVA) was conducted on the GC values yielded by the
analysis procedure (Fig. 1(D)), and statistical tests were run in jamovi version 1.6.23 (The jamovi
project, 2021). In line with our hypothesis, the reported estimated marginal means in Fig. 4
indicates that the mean value of homophonic textures, where we observe distinct melodic
leadership, is higher as compared to the polyphonic texture where leadership is rather
ambiguous.

112



KEER 2022 | 9TH INTERNATIONAL CONFERENCE ON KANSEI ENGINEERING AND EMOTION RESEARCH 2022

=
&

Granger Causality

o

Polyphonic Homophonic
Texture

Figure 4 A plot showing the mean values of GC for homophonic and polyphonic textures

An approach for ANOVA using binary values was adopted (Luepsen, 2021), and we entered in
it GC results for all combinations of dyadic pairs. Head Sway (Nose trajectory data as X and Y
coordinates) was included as a within subjects factor, and Texture (Homophonic, Polyphonic) and
Pair (each pair represented as M1-M2, where M1 granger causes M2) as between subjects
factors. The ANOVA results are illustrated in Table 2, where values revealing statistical significance

have been highlighted in green.

Table 2 ANOVA results for Between and Within Subjects Effects for the Brahms concert

Between Subjects Effects

Sum of Squares df Mean Square F p
Pair 10.15 19 0.534 2.041 0.006
Texture 2.2 1 2.204 8.421 0.004
Pair *k Texture 3.21 19 0.169 0.646 0.871
Residual 115.17 440 0.262

Within Subjects Effects

Sum of Squares df Mean Square F p
Head Sway 4 1 4.004 19.047 <.001
Head Sway *k Pair 4.16 19 0.219 1.042 0.410
Head Sway *k Texture 1.67 1 1.667 7.928 0.005
Head Sway *k Pair 3k Texture 3.67 19 0.193 0.918 0.561
Residual 92.5 440 0.21

Results revealed statistically significant main effects of Texture, F(1,440) = 8.421, p = 0.004,
Pair, F(19,440) = 2.041, p = 0.006, and Head Sway, F(1,440) = 19.047, p<.001. Additionally, a
significant two-way interaction between Head Sway and Texture was also observed, F(1,440) =
7.928, p=0.005. Head Sway (X and Y coordinates) was included in the ANOVA to account for
variance related to movement direction, but this variable was not of theoretical interest and the
results will not be presented for the separate dimensions. While these are early findings, results
for the texture effect confirms stronger evidence for directional coupling in homophonic textures.
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5 DISCUSSION AND CONCLUSION

The contributions of this work are two-fold. On one hand, we present our experimental
approach to study the directionality of coupling among small group setups, and we do so using
non-intrusive methods. On the other hand, we test our approach on ensemble music
performances in an attempt to extract finer subtleties, and aspects, of non-verbal expression. We
analyze how head sway influences unfolding leadership dynamics among co-performers, and that
stronger directional influence is observed in homophonic textures characterized by the presence
of a melodic leader) as compared to a more egalitarian polyphonic textures. A key benefit of this
approach is the use of video sequences as input signals which enables experimentation with
naturalistic movement patterns.

We would like to highlight some limiting factors observed in our approach. While alternative
tracking methods such as marker-based systems are expensive and can cause discomfort among
participants, the data available are relatively less noisy as compared to marker-less techniques.
There are technical challenges to overcome with marker-less methods such as dependency on
frame resolution, occlusion, and variations in illumination, to name a few. Another limitation
observed is that the data need to be stationary when using GC. If we apply any techniques to
resolve this, we modify the underlying nature of the time-series from non-stationary to
stationary, and this can affect the outcome of results. Previous studies (Pearl, 2000) suggest that
GC could be used for statistical studies but making use of it for causal relationships is
questionable. Additionally, it is still unclear how textural variations affect group entrainment and
dynamics, and the preliminary findings of this study are not appropriate for making conclusive or
general statements.

In the future, we aim to further investigate the effects of musical structure and phrase position
on leadership dynamics in small group setups, and this includes experimenting with more data
and validating the results with analysis of acoustic features. As highlighted in Sabharwal et al.
(2022) as well, this approach and framework provides a dependable and an unintrusive method
in comparison to current methodologies for studying expressive, or “Kansei”-like, aspects of
human body movements and their associated qualities.
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ABSTRACT

Previous studies have indicated that many patients with eye diseases are not adherent to
eyedrops due to the difficulty in administration. The purpose of using eyedrop compliance aids is
to help patients who have difficulties in administering eyedrops. However, this method has not
been well recognized and accepted.

This study aimed to upgrade eyedrop compliance aids so that the adherence of eyedrop users
could be improved. Among the research methods employed in this study, the analytic hierarchy
process (AHP) helped in proposing the best function sequence of the device, and a questionnaire
based on the Kano model helped understand the degree of satisfaction with the existing products,
as well as discover the appealing factors of their functions and examine their functional
relationships. Finally, the results of the two methods were discussed and compared, and the
results were used to identify the basic appealing factors influencing consumer satisfaction as well
as provide the element attributes and significant features to be weighed in the design of
eyedrops. This study suggested that in the design of eyedrops, both the physical and psychological
needs of users should be taken into consideration, and reference indexes for aids design that may
effectively improve user adherence to eyedrops should be proposed.

Keywords: eyedrops compliance aid, AHP, KANO model, medication adherence

1 Corresponding author.
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1 INTRODUCTION

Eyedrops are by far the most common route of drug administration for treating eye diseases
(Brand et al., 2021; Jumelle et al., 2020). However, many patients have difficulty completing this
task independently. Due to their inability to adequately instill a drop into the eye or the fear of
self-harm during administration, patients will possibly be non-adherent (Winfield et al., 1990). A
number of studies have identified the need for additional assistance in administering eye drops
for patients aged above 60 years (Burns & Mulley, 1992; Lacey et al., 2009).

Common problems of patients include difficulty in aiming the drop, difficulty in squeezing the
bottle, forgetting to use the eyedrops, difficulty in opening the bottle, and physical limitations
between the hands and the head (Dietlein et al., 2008; Virani et al., 2015; Winfield et al,,
1990).There are also concerns about the risks of contamination on the bottle tip and damage to
the eyes (Solomon et al.,, 2003). People’s understanding of medication methods declines
significantly with age, and thus it is necessary to attach more significance to patients’ education
on medication (Chiu; Hoevenaars et al., 2006).

Eyedrop compliance aids may be an under-appreciated resource for certain patients, and few
patients use aids to improve their eyedrop application techniques (Burns & Mulley, 1992).
Compliance aids have been verified to improve the usage rate of eyedrops. Many patients express
willingness to try using these aids, but it is unclear how these users feel about such aids (Davies
et al., 2016; Hocking, 1999; Zhu et al., 2021). Few studies have been made on the functional
requirements for aids and their psychological impact on patients.

In an effort to find the significant differences and the functional requirements of users for
eyedrop aids, this study proposed a design method for evaluating and optimizing the functions of
compliance aids based on the AHP and Kano models. Discussions were made on:

1. AHP and Kano analyses on the importance and relevance of using the aids to meet the
users’ needs.
Examining the existing aids based on the above analysis result.
Proposing the overall characteristics of the users' values toward the aids and design
guidelines to improve the indexes of the aids.

2 METHODS

2.1  Study Design/Procedures

The research method starts with literature, focus interviews, and analyzes users' difficulties
and needs for hierarchies and classifications. AHP helped in proposing the best function sequence
of the device, and a questionnaire based on Kano understand the degree of satisfaction with the
existing products, as well as discover the appealing factors of their functions and examine their
functional relationships., discover the attractiveness factor function that affects users to view the
status of existing products. The results of the two methods are discussed and compared.
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AHP -
Importance weights
and rank

Document Research -
User Difficulty
Focused interview -
User Requirements

Propose User Difficulty’
and Requirements

ining the existing aids proposing the overall characteristics of
based on analysis results the users' values toward the aids

Figure 1. Study Design and Procedures

KANO Model -
Analyze subjective satisfaction and
objective functional requirements

2.2 Difficulties and Needs of Eyedrop Users

In addition to reviewing the literature to understand the difficulties in using eyedrops,
interviews with 16 medical staff and the collection of the patients’ needs through an experiment
were added as elements. Then, the users’ frustrations and needs were analyzed using AHP and
the Kano model.

QEE O EE e s

Avoid touching
Confirm the drop in eye
Hand shaking

a3. Direct attention
b1. Hand steady

b2. Overcome physical
barriers

b3. Easy-to-squeeze the
bottle
b4. Keep the open eyelids

¢1. Detachable
¢2. Disinfect

Auxiliary medication for
others

b. Operability

Eye-drop
compliance aids

c. Convenience of cleaning
and carrying

Aids disinfection is convenient
c3. Light weight
Easy to carry

> d2. Identify drugs
d3. Medication reminder

c. Appearance and reminder

Medication reminder

Figure 2. Hierarchy of user difficulties and needs in this study.

2.3 Analytic Hierarchy Process, AHP

Thomas L. Saaty proposed a decision-making process for uncertain situations with multiple
evaluation criteria (Satty, 2008). In this method, a hierarchical structure was first established.
Next, a paired comparison matrix was built (refer to Figure 2). The consistency ratio (CR) was
compared by calculating the weight. If CR < 0.1, the consistency of the judgment matrix is
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satisfactory; otherwise, the judgment matrix needs to be adjusted until the consistency is

qualified. The formula is:

Cl=(Amax-n)/(n-1),
CR=CI/RI,

where Amax is the largest eigenvalue, n is the order of judgment matrix, and Rl is consistency

index.

@
o
=
Scale Definition Description - o ™ <+ 0 2
1 | 1 I 1 £ 22
. . I o o 14 e 14 =1 T
1 Equally importance Two CRs contribute equally to objective 5] [&] O Q [¥] 7] o E
3 Moderate importance Experience and judgement favour one CR CR_1 - 13 | 17 1 1/5 1.67 0.04
over another
5 Essential or strongly Experience and judgement strongly favour one CR 2 3 - |13 5 | 15| 853 0.20
importance CR over another
. A CR is strongly favoured and its dominance CR 3 7 3 - 5 1 16.00 0.38
! Very strongly importance demostrated in practice —
. The evidence favouring one CR over another CR 4 1 15 | 18 _ 13 173 0.04
9 Eremely importance is of the highest possible order of affirmation —
2,468 lntemma_le Valu_es between As compromise value is needed CR_5 5 5 1 3 14.00 0.33
the two adjacent judgements

Figure 3. AHP Scales of judgment matrix. (Song et al., 2014)

2.4 KANO Model

The Kano model, proposed by Noriaki Kano et al., as show in Figure 4. Analyzes the internal

needs of customers from a psychological level through questionnaires (Lu & Juan, 2019).
Customer needs can be divided into five categories (Berger et al., 1993; Kano, 1984) as Table 1.

Common analysis methods are as follows:

1. Discrete Analysis: Discrete analysis calculates the quantity of an object and presents the

order of things. Generally, the ordering is shown after the calculation is made and is based

on the better-worse satisfaction formula:

e Increasing customer satisfaction (Better)

Coefficient (SI) = (A+ O)/(A+ 0O+ M+ 1)

e Reducing customer satisfaction (Worse)

Coefficient (DSI) == (O + M)/ (A+ O+ M + 1) (2)

Continuous data: Published by William DuMouchel in 1993, the collected data needs to
be weighted, after which the average scores of the forward and reverse questions are
calculated to classify the functional quality attributes.
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Satisfied s Attractive quality attribute

One-dimensional
quality attribute

’ \ Reverse quality attribute
/ \
Insufficient | j Sufficient
quality factor \\ / quality factor
/
\, s

Must-be quality attribute

Indifferent quality attribute

Dissatisfied

Figure 4. Kano two-dimensional quality model.

Table 1. Categories.

Attractive quality
attribute (A):

User will be satisfied when this quality attribute is sufficient and may also
accept when this quality attribute is insufficient.

One-dimensional

quality attribute (O):

User will be satisfied when this quality attribute is sufficient and will be
dissatisfied when this quality attribute is insufficient.

Must-be quality
attribute (M):

User will take it for granted but will not be satisfied when this quality
attribute is sufficient; will be dissatisfied when the quality attribute is
insufficient.

Indifferent quality
attribute (1):

User will neither be satisfied nor dissatisfied when this quality attribute is
sufficient or insufficient.

Reverse quality
attribute (R):

User will be dissatisfied when this quality attribute is sufficient and will be
satisfied when this quality attribute is insufficient.

Questionable
requirements (Q):

‘When user misunderstand the survey questions or problems and do not
express their opinions correctly.

3 RESULTS

3.1  Analytic Hierarchy Process, AHP - Users’ Functional Requirements

After collecting ten questionnaires, the weight vectors were calculated and the consistency
test was performed. The results of the consistency tests for Questionnaire 3 and Questionnaire 7
were > 0.1 and failed the test; thus, they were excluded. The weighted analysis and index analysis
were performed on the other eight questionnaires, as Table 2.

A comparison of the users' ranking of the functions indicated that experts of different ages had
more objective opinions on the selection of the aids’ functions. All experts agreed that the most
important element is the operability (weight: 0.396737) of the aids which help hand steady,
overcome physical barriers or lift the head, easy-to-squeeze eyedrop bottles, and the ability to
keep the eyelids open.
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Table 2. Importance weights and rank.

b. c. Convenience | d.
Level 2 a. Functionality Srserihg of cIe.aning and Appeara.nce
carrying and reminder
No CR
A | Over 60y 0.091 0.106 0.467 0.330 0.097
B |Over60y 0.087 0.168 0.620 0.064 0.149
C 2039y o016
D | 40-59y 0.089 0.089 0.454 0.423 0.035
E | 40-59y 0.091 0.058 0.309 0.525 0.108
F | 019y 0.088 0.509 0.317 0.033 0.141
G | 40-59y 012
H | 0-19y 0.076 0.126 0.417 0.033 0.141
I [20-39y 0.090 0.716 0.155 0.071 0.058
J | 40-59y 0.077 0.318 0.435 0.200 0.046
Weights 0.261231 0.396737 0.211525 0.130507
Rank 2 1 3 4

3.2 KANO Mode Analysis — Users’ Subjective Satisfaction and Objective Functional
Requirements
A total of 25 users (28% male and 72% female) participated, with age groups in the ranges of
20-39 years old (56%), 40-59 years old (40%), and 60 years old and above (4%). All users had the
experience of using eyedrops, and 8% of them knew of and used compliance aids. Refer to Table
3, the analysis of the three attributes showed that item | in the discrete analysis turned into items
M in the continuous data.

Table 3. Quality improvement matrix.

NO Disfunctional| Discrete data |Continuous data
functional purpose Functional (SI)
(DS) Category Category
al | earn medication function 0.52 -0.24 (0] M
32 IFixed angle 0.21 -0.209 [ M
a3 |Direct attention 0.44 -0.08 A M
bl|Hand steady 0.4 -0.28 o) A
b2 |overcome physical barriers 0.63 -0.125 A M
b3 Easy-to-squeeze the bottle 0.46 -0.417 0] (0]
b4 Keep the open eyelids 0.38 -0.125 | M
C1 |petachable 0.36 -0.24 M A
C2 |pisinfect 0.4 -0.2 A M
C3|Light weight 0.56 0.4 o) A
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d1Reduce fear 0.4 -0.56 (0] M
d2dentify drugs 0.32 -0.12 [ [
d3 |Medication reminder 0 -0.072 | |

According to the results of the two quality improvement matrixes, the function items were
discussed in the order of M >0 > A > 1> R. It was found that priority should be given to improving
the aids in terms of being lightweight and reducing users’ fear of medication. Furthermore, easy-

to-squeeze bottles and keeping the eyelids open were identified as essential functions. The

attractive factor that attracted the users fell into zone A.

Table 4. Compare Discrete analysis with Continuous analysis.

KA N O Discrete data

0.0
. Medication reminder (positive)
0.1
Identify drugs (positive) &
Overcome physical barriers (positive)
0.2
Fixed angte (positive) L 4
@ 3 e
a 03 Hand steady (positive)
Light weight (positive)
0.4 .
e
Easy-to-squeeze the bottle (positive)
0.5 —
Reduce fear (positive)
0.6
0.0 0.1 0.2 0.3 0.4 0.5 0.6
Sl
KAN O Continuous data
0.8 Light weight (positive)
Hand steady (positive)
o
2 06
@
(=]
&
§ 0.4 Easy-to-squeeze the bottle (positive)
o
3 o Detachable (positive)
Q
E‘ 0.2 O Medication reminder (positive)
4] Q
E: O OOvercome physical barriers (positive)
0.0 2
Reduce fear (positive) O
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

Average scores [negative]

Must-be quality attribute (M)
¢1. Detachable

One-dimensional (0)

al. Learn medication function

b1. Hand steady

b3. Esay to squeeze the bottle

¢3. Light weight
d1. Reduce fear

Attractive (A)

a3. Direct attention

b2. Overcome physical barriers

c2. Disinfect
Indifferent (I)
a2. Fixed angle

b4. Keep the open eyelids
d2. Identify drugs
d3. Medication reminder

Must-be quality attribute (M)

al. Learn medication function
a2. Fixed angle

a3. Direct attention

b2. Overcome physical barriers
b4, Keep the open eyelids

¢2. Disinfect

d1. Reduce fear

One-dimensional (0)

b3. Esay to squeeze the bottle

Attractive (A)

b1. Hand steady
c1. Detachable
c3. Light weight

Indifferent (1)

d2. Identify drugs
d3. Medication reminder

43.30%

57.30%
48.80%
62.10%
68.80%
68.80%

44.70%
64.20%
44.70%

29.60%
40.00%
34.20%

7.20%

cal

57.30%
29.60%
44.70%
64.20%
40.00%
44.70%
68.80%

62.10%

48.80%
43.30%
68.80%

34.20%
7.20%

Priority
;]

- - =N kW

BN =W

Priority

4 r N RO W

Each function information of the customer satisfaction coefficient is a single standard to

measure the change in customer satisfaction, as show in Figure 5. A red (negative) number

indicates the users were the most dissatisfied when this function was absent. A green (positive)

number indicated they were satisfied when the function allowed them to learn to administer

medicine and overcome physical barriers. Moreover, the users were satisfied when the aids not

only were lightweight and small-sized but also relieved their fear of using eyedrops.
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I Dissatisfaction

Satisfaction
earn medication function
a2. Fixed angle

a3. Direct attention

b1. Hand steady

ercome physical barriers
say to squeeze the bottle
»4.Keep the open eyelids
c1. Detachable

c2. Disinfect

¢3. Light weight
d1. Reduce fear

d2. Identify drugs

d3. Medication reminder

-1.0

33

This study evaluated the existing aids reviewed in relevant studies as Table 5. It was found that
these aids are universal, cheap, and compatible with the eyedrop bottles of people who use the

-09 -08 -07 -06

-05 -04 -03 -02 -0.1

o

01 02 03 04

Figure 5. Customer satisfaction coefficients

Evaluation of Existing Aids

aids at home (Brand et al., 2021; Zhu et al., 2021).

05 06 07 08 09

Table 5. Eyedrop compliance aids representative product.

user’s gaze
away from the
dropper. This

easy bottle
squeezing. This was
designed to make eye

paddle. An eye drop
is placed on the
round edge of the

Product AutoDrop eye | AutoSqueeze bottle SimplyTouch eye Opticare (Cameron
guide (Owen aid (Owen Mumford) | drop Graham Limited,
Mumford , applicator (SimplyT | Huddersfield, England)
Georgia) ouch LLC, Florida)

Pictures

"
l}; =

Illustrate | Intended to Ergonomic grip and A plastic device in The aids commercially

guide the extra leverage for the shape of a small | available are

compatible with most
eye drop bottles.
Enabling a better grip.

helps to drop treatment applicator, which The device is placed
ensure that easier for patients securely holds the on the eye and the
the nozzle is with dexterity issues. | drop. Italso allows | eyepiece holds the
positioned patients to instill upper lid, which helps
directly over drops without overcome the blinking
the eye so tilting their heads reflex while

that drops are back and can be administering eye
successful. applied with or drops. (Brand et al.,

without glasses on.
(zhu et al., 2021)

2021)
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4 DISCUSSION

The Importance and Relevance of AHP and Kano Analysis to User Needs. According to the AHP
analysis of the functional requirements of the aids, the experts attached great importance to the
operation functions of the aids, and they believed that these aids should meet the primary needs
of the users, such as keeping the eyelids open, not needing to raise the head, and being able to
squeeze the bottle easily. Functions that allowed the users to operate the aids with one hand
were preferred. In terms of objective functional requirements, the Kano analysis paid more
attention to the trouble of squeezing the bottle and the requirements of being lightweight and
having a small size. It also proposed that the attractive attributes should be having a learning
function, overcome physical barriers, hand steadiness, and being able to be sterilized. In this
study, the AHP experts pointed out that the first priority to be considered in terms of the basic
functions of the aids should be fulfilling the users’ expectations, while the Kano analysis indicated
that the charm factor was the psychological function to the users.

A comparison was conducted between Table 4 and Figure 5 Customer Satisfaction Coefficients.
It was found that lightweight and small-sized bottles and relieving the fear of using the medicine
were both listed as the expectations and attractive factor, and both increased user satisfaction.
Especially, the negative result (68.80%) for relief of fear showed that the users were most
dissatisfied with the absence of this function. Among the attractive factors of the compliance aids,
it was most important that medication be administered without needing to raise the head or the
hand (64.20%). In this case, the problems for patients with physical disabilities could be solved
(Winfield et al., 1990; Wisher, 1991). However, it was also acceptable if this function was not
present (-0.12). The function allowing users to learn to administer medicine (57.30%) was also
highly expected, especially in regards to knowledge of medication, which declines with age (Chiu;
Hoevenaars et al., 2006). For the negative result in difficulties in squeezing the bottle (62.10%),
the function of stabilizing the hand while administering the eyedrops (48.80%) should also be
incorporated into future designs as difficulties in squeezing the bottle could have a negative
impact on user compliance (Brand et al., 2021).

Results of Examining the Existing Aids. The decision-making priority of the AHP experts was
operability over functionality. The AutoDrop and Opticare aids conformed to AHP analysis ranking
1, indicating that the existing aids actually satisfied the operability. Comparison with KANO
results, existing aids found to lack the ability to reduce medication fear and learn medication. The
Opticare is not light enough and the AutoDrop cannot assist in squeezing the bottle. It is worth
mentioning that according to the study results of Zhu and Brand et al., after six weeks of using
AutoDrop, the users' favorability dropped to 60%, but their willingness to further use the aids
remained at 90% (Zhu et al., 2021). In addition, drug wastage occurred with AutoDrop, while
Opticare enhance the probability that the users could operate it independently (Brand et al,,
2021). Further in-depth studies should focus on the influence factors causing the decrease in
favorability of the users.

The preliminary study concluded that eyedrop aid design should pay attention to both the
physical and the psychological needs of users, presumably functional differences due to different
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user groups, and affect the user's perceptual feedback. Whether the appealing factors of the aids
can improve the compliance of eyedrop users should continue to be observed in future studies.

This study compares discrete and continuous data in KANO and finds significant differences in
demand items between the two Quality improvement matrix analyses. The Indifferent item in
KANOQ's Discrete Analysis corresponds to the necessary operational requirement elements of
AHP, and it is possible to review the functional necessity of existing aids. In this discussion, we
found the possibility of developing KANO demand models corresponding to different user groups.
The results of this study can provide reference and application for the follow-up research on
eyedrop adherence aids design and KANO model changes.
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ABSTRACT

The study proposes a method for the assessment of e-shop product pages (PPs) through
individual assessments of the touchpoints (TPs) customers interact with while using a PP (e.g.,
product title, main image, image gallery, Buy Box, rating/reviews number, product description,
specifications, cross sales/recommended products, video, and product warnings) rather than an
assessment of the product page as a whole. A specific Kansei list is created, customer
preferences are collected, and touchpoints can be classified as positive, neutral, or negative
(pain points). The assessment method was applied to the assessment of PPs of craft beer e-
retailers. Once pain points were identified, two distinct types of TPs among them were
individually analyzed (one visual, the Image gallery, and one textual, the Product description.) In
both cases, a set of PPs were employed as stimuli and design elements that were deemed
preferable by the customers were identified through Partial Least Squares analysis. The results
provided valuable recommendations to web designers, content creators, and retailers for
improving their PP content by taking into consideration the customers' emotional states and
preferences.

Keywords: product page, Kansei engineering, Kansei words, assessment, design

1 INTRODUCTION

A product page (PP) of an online shop is where the customers get all their information about
the product (e.g., specifications, price, video presentation). Almost all users go through a PP

1 Corresponding author.
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before making an online purchase and it is often on the PP that users decide whether or not
they want to buy the product. PP design is therefore very important for offering a good e-
commerce experience that can lead to a product sale.

The sequence of customer actions while interacting with a PP is often presented in the
service marketing/service design literature by a customer journey map. A customer journey
map is basically a visual timeline that graphically documents the sequence of service
engagements and interactions, showing multiple touchpoints (TPs) and channels throughout. At
every step in this sequence of service engagements and interactions, journey maps also present
the concomitant customer emotions and perceptions. The customers' emotional states under
such conditions are often described with general adjectives like very happy to very unhappy,
positive to neutral to negative, or very satisfied to very unsatisfied. In the case of a PP, TPs are
well-defined sections of the page with specific and relevant content with which the customer
interacts along the purchasing journey. For example, the TP Buy Box refers to the section with
the white box on the right side of the PP with the button “Add to Cart”, availability information,
price information, etc. Some TPs are textual (e.g., Product Description, Specifications), while
others visual (e.g., Main Image, Image Gallery), audiovisual (Video), or textual/visual
(infographics).

It is therefore necessary to understand what and how the information about a product
should be displayed on each TP as well as all features that are needed to generate good and
accurate information and add value to the product. It is also necessary to understand how all
this information can (be designed to) appeal to the consumer's senses and emotions in ways
that trigger a change in the consumer's mind and arouse motives for consumption (Mendoza &
Marasinghe, 2013; Mimura et al, 2020). In this vein, Kansei Engineering can be applied to TP
design to show what perceptions and emotions are evoked by different types of information
content and functional features, reveal those that best perform according to the customer's
emotional preferences, and draw design recommendations. The positive effect of implementing
emotional value from the user's perspective in the design of a product by applying Kansei
Engineering (KE) has been well recognized. The KE methodology has also been previously
applied to e-commerce by several design studies (Kosaka & Shiizuka, 2009; Papantonopoulos &
Karasavova, 2021; Qu, 2015; Shiizuka, 2013; Wang et al, 2010).

This study has the following objectives: (a) to create a Kansei scale for the assessment of the
PP main touchpoints; (b) to identify the TPs of the PP that evoke a negative emotional feeling in
the customers by having them assessed with the created Kansei scale; and (c) to discover the
preferable by the customer's design elements that can be used as recommendations for the
improvement of problematic TPs, thereby enhancing the e-commerce experience.

2 METHODOLOGY

2.1  Selection of representative sample of product pages

The suggested methodology is shown by being applied to the assessment of the TPs of craft
beer PPs. The beer PPs of interest had the following inclusion characteristics:
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Table 1. Design matrix of beer PPs (T: textual, V: visual, TV: textual-visual, AV: audiovisual)

Touchpoint Class Categories

Product title (PT) T fully-featured / not fully-featured

Main image (M) Vv front image of beer bottle / beer bottle
and a glass with beer / white background /
non white background

Image gallery (IG) v yes / no

Rating/reviews number (RRN) TV yes /no

Buy Box (BB) TV detailed / limited

Product description (PD) T detailed / summary / limited

Specifications (SPE) T detailed / limited / none

Cross sales/recommended products (CS) TV more than one row / one row / none

Video (V) AV yes / no

Product warnings (PW) TorV yes / no

were selected from specialized online retailers of primary craft beer; newly updated in 2022;
geographically dispersed; type of beer: barrel-aged beer; background of the page: white;
language: translatable into Greek. Brewery e-shops PPs, PPs from blogs, Greek online retailers,
and Greek beer PPs were excluded (the last 2 for eliminating possible preferable ratings by
Greek evaluators.) An initial sample of 66 PPs of bottled beer was collected by including the first
30 links to e-shops retrieved from Google.com, Bing.com, and Yahoo.com by the search query
"beer online shopping" and barrel aged or stout. PPs were divided into main sections or
touchpoints which are equivalent to the term "items" in KE. A dissimilarity matrix was created
based on morphological analysis. This collection of PPs represents 10 TPs and 25 categories
(Table 1.) TPs were classified as textual, visual, audiovisual, or textual/visual. The TP Product
description was classified based on word count as detailed, limited, and summary. The TP
Product title was classified as fully-featured when it included all 5 elements: name, brand, beer
type, volume, and alcohol content. A cluster analysis for the 66 PPs was performed to: (a) select
representative samples with different designs for each TP to be used as stimuli for the creation
of the Kansei scale, and, (b) select PP samples representing the domain for the analysis of the
current state of beer PP design.

2.2  Extraction of Kansei words

Suitable adjectives and phrases for each TP were initially collected as candidates for KWs by
the use of the automated tool Sketch Engine by Lexical Computing CZ s.r.o. with Corpus 2020
(www.sketchengine.eu.) Each of the 10 touchpoint names/ phrases (e.g., Product title, Product
description) was used as the "Key Word in Context" searched in all domains. Although there is a
possibility to form a representative sample based on the frequency of use of each adjective for
each TP name (phrase), low-frequency adjectives often communicate important qualities. For
example, "three-dimensional" is a low-frequency adjective yet it refers to a new way of
displaying the product for the TP Main image which is the central and dominant product image
first seen on the PP. Next, the initial number of adjectives was reduced manually after
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Figure 1. Snapshot of the monitor displaying the arrangement of windows during the assessment
process: window with the questionnaire file (L) and open PP (R)

eliminating those describing the following properties: physical (e.g., long, short); technical (e.g.,
high-resolution), proper (e.g., European), numerical (e.g., several, fewer), superlative condition
(e.g., amazing), and degree (e.g., best, most); and those that were synonymous, antonymous, or
irrelevant to the type of the TP of interest. Some adjectives were related to the customer’s
emotional state, e.g., relief, aesthetic appreciation, while others were related to the customer’s
perspective (e.g., related to sensitive insight). Finally, the adjectives were grouped by the
affinity diagram method and reduced to 13-15 for each TP.

2.3 Survey for the creation of the Kansei scale

A survey was performed for the creation of the Kansei scale by selecting the adjectives
expressing the most important qualities of each TP. The survey was based on an online
questionnaire that included: (a) a description of the purpose of the survey and guidelines
requesting from the participant to perform the role of customer intending to purchase craft
beer online; (b) demographic questions; and (c) questions on the participant's online shopping
frequency, experience, and shopping behavior. The evaluation group consisted of 13 male
participants 22-24 year old, found to be very suitable as latest studies have shown that younger
people (21-25 year old) and tech-knowledgeable customers have become the brewing
industry’s key targeted demographic groups. One of the evaluators was identified as an
“impulsive buyer” who starts the search and finishes by purchasing during the PP observation
period; one "only explores the online environment without the intention to purchase or will
purchase offline"; the rest pointed out that they "momentarily explore the alternatives or they
are close to the decision, but their purchase happens outside the period of observation". In this
context, the evaluators were considered experienced with online researching, discovering, and
shopping products.

The questionnaire included snapshots of the TPs for reassuring the participant that he was
evaluating the correct TP. Participants were asked to click on the URL address to launch and
interact directly with the PP. The reason to use real PP was to capture the customer's
perception of the different PP touchpoints within their natural digital environment and “clutter”
of elements. Participants were instructed to arrange to MS Word file with the questionnaire on
the left and the window of the PP on the right as shown in Figure 1.
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To rate the importance of adjectives for each TP, participants were asked to open 3 to 5 PPs
which had been selected for featuring a variety of designs of that specific TP; translate each
page into Greek; get familiar with the PP design by performing several tasks on the TP in
guestion. Participants were then asked to rate how important each adjective was for them for
that TP on a 5-point unipolar SD scale from 5 ("very important") to 1 ("very unimportant"), as
well as write any other needs they may considered important. Simple Correspondence Analysis
of the data from the survey was used for the reduction of the KWs for each of the 10 TPs to the
final list by using Minitab®20 Statistical Software (Minitab, LLC, USA). The Kansei scale was
constructed by KWs for which there was high agreement among the participants in identifying
the specific adjectives as “very important” and “somehow important”. As a result, the number
of KWs associated with each TP varied expressing extent of the agreement among the
participants. If the customers suggested additional adjectives for of TP during the open-ended
survey, they were incorporated into the scale of that TP.

2.4 Assessment of the TPs of PP samples by the created Kansei scale

Next, the TPs of selected PP samples were assessed by the created Kansei scale containing
KWs for each TP. First, a morphological analysis was performed to determine the presence of
the design categories and sub-categories of Table 1 in the TPs of the 66 PP samples. Then a
cluster analysis of the PP samples was performed and the samples were clustered into 12
clusters and one page was selected as the representative sample from each cluster. Finally,
these representative PPs were assessed by the created Kansei scale containing KWs for each TP.

The evaluation employed a questionnaire with the created Kansei scale and a 5-point
unipolar SD scale ranging from 5 ("l totally agree that this KW expresses how | feel about this
TP") to 1 ("I totally disagree that this KW expresses how | feel about this TP"), the same
procedure to the one described in Section 2.3. Eight participants, who did not participate in the
first survey, were selected for the evaluation task. The average values from the Kansei ratings
for each KW were calculated for each TP and, accordingly, TPs were classified as positive (if the
average value was more than 2.55), neutral (if the average value was between 2.5+0.05), pain
points (if the average value was less than 2.45), or "zero" when the TP was absent in a particular
PP.

2.5 Formulation of recommendations for improving TPs classified as pain points

Recommendations for improving the design of the TPs identified as pain points according to
customer preferences were formulated by the use of Partial Least Squares (PLS) analysis.
Examples of two pain points are given here: one visual TP, the Image gallery (IG), and one
textual TP, the Product description (PD). In each case, a set of PPs with different designs of the
TP of interest was used as stimuli. Since the variety of IG designs in the collection of 66 PP
samples of specialized beer shops was very limited, it became necessary to collect samples from
outside the domain, namely from other kind of beer PPs or even for products with similar
packaging, e.g., wine. The IGs of seven beer PPs and one champagne PP with different designs
were used as stimuli for the extraction of the design elements most preferred by the customers.
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Table 2. Design matrix for the visual TP Image gallery and textual TP Product description

Touchpoint “Image gallery”

Touchpoint “Product description”

Category Sub-category Category Sub-category
Layout Vertical, Horizontal Hard to read sentences None, > 1
Image of the paper label Yes, No Number of adjectives Upto 11, 20-25
Image of ingredients Yes, No Average sentence length, 11-13,19-22, 30-40
words
Image of pairing food Yes, No Word count 30-65, 125-160, 230-310
Beer in a glass Yes, No Reading time, secs 7 secs, 13-15 secs, 25-35

secs, 60-75 secs

Image number Three, Four, Five, Seven Awards information Yes, No

Inspirational image Yes, No Predominant tone of the No tone detected,
) ) ) ) ) text Analytical & confident
Type of the manipulation No manipulation/static, (AC)
tool 360° all around, ’ )
Magnifvi | Joyful, analytical &
agnl'ylng glass, confident (JAC),
Zoom in

Joyful (J),

Joyful & analytical (JC)

Image in the brewery Yes, No

An input matrix for the PLS analysis was constructed for the touchpoint IG by a more detailed
morphological analysis of 9 different IGs, representing 9 categories and 22 subcategories (Table
2). A similar matrix was constructed for the TP Product description by a more detailed
morphological analysis of 10 PPs with different PDs, representing 7 categories and 21
subcategories selected by cluster analysis of the initial collection of beer PP (there were no
samples from outside the initial PP collection) (Table 2.) The evaluation was performed by eight
male participants (20-25 years old) who did not participate in the previous two surveys. The
procedure was the same as the one described in Section 2.3 with the difference that, once on
the page, the participants were evaluating only the IG of the page with the specific KWs for IG.
Similarly the PDs with different text characteristics were evaluated. The categories "reading
"hard to Editor
(https://hemingwayapp.com); "word count", "number of adjectives", and "average sentence

time" and read sentences" were measured by Hemingway
length" were determined by the web-based language analysis tool "Text Inspector" by
Weblingua Ltd. The "predominant tone of the text" of the PD was identified as either having

none or joyful, analytical, confident, or combinations of them by IBM Tone Analyzer.

3 RESULTS

3.1  Analysis of the current beer PP design

Cluster analysis of the PPs of 66 beer e-shops with different templates types were used for
the examination of the current state of beer PP design (Figure 2a.) The clustering was
performed by the use of more general categories shown in Table 1. Data from the grand
centroid showed that about 90% of all analyzed PPs do not have video, a fully-featured Product
title, or product warnings. About 82% of the PPs do not have an image gallery, meaning that
they present the product only with one main
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Figure 2. (a) Dendrogram of the 66 PPs profiles grouped into 12 clusters;
(b) Correspondence analysis map generated from customer ratings for the TP Product title.
The two components represent 86.17% inertia. The 9 adjectives are depicted in black font with a red
symbol, and the 5 SD-scale attributes are depicted in blue font with a blue symbol

image of the beer bottle. Furthermore, 73% of the pages have limited information in the Buy
Box, and 65% of the pages do not display a Rating/reviews number at the top of the page.
About 64% have a limited number of titles under Specifications and 44%have short texts
describing the product (by number of words). About 80% from the PPs include the TP Cross
sales/recommended products under the Product description.

3.2 Selection of Kansei words

A large number of adjectives were extracted which reflect recent vocabulary describing
different qualities of each TP for the creation of TP-tailored evaluation scales. TPs such as
Product description, Product title, and Product image were found to have very rich descriptions
with adjectives (e.g., 120 for Product description), while others had moderate descriptions (e.g.,
35-40 for Cross sales and Buy Box). Simple Correspondence Analysis of the data from the survey
was used for the final selection of the KWs for each TP (Table 3). An example of the results of
the customer ratings for the TP Product title is shown in Figure 2b. The scale includes those
Kansei words for which there was a tendency of a high number participants identifying the
specific adjectives as “very important” and “somehow important”. If additional adjectives were
suggested (e.g., Awards information) by the customers during the open-ended survey, they
were incorporated into the scale for the TP.

3.3 Assessment of the customers' emotional impressions while interacting with real PP
touchpoints

The assessment of the customers' emotional impressions while interacting with the TPs of 12
real PPs representing the domain was performed by group of customers and the created Kansei
scale. Figure 3 shows a graphical representation of the assessment results of one PP which is
easy to interpret. The type of the TPs for each PP was identified as positive (with an average
value of the Kansei ratings above 2.55), neutral (with an average value of 2.5+0.05), negative
(with average values of bellow 2.45), or zero (if the TP is absent from the PP design.) Two pain
points were determined according to the customers' Kansei ratings of the page (a visual TP,

137



KEER 2022 | 9TH INTERNATIONAL CONFERENCE ON KANSEI ENGINEERING AND EMOTION RESEARCH 2022

Image gallery, and a textual TP, Product description) for which further improvements need to be

made.

Table 3. Kansei words used in the Kansei scale for TP assessment

Touchpoint

Kansei words

1 | Product title (PT)

Re-assuring, Brand-specific, Clear product name, Clear product
type, Clear product size (volume), Compelling, Good
typography, Complete

2 | Main image (M)

Attractive, Easy to manipulate, Enjoyable, Special, Tasty,
Desired, Revealing, Readable, Memorable

3 | Image gallery (IG)

Visually rich, Easy to manipulate, Creative, Attractive, Exciting,
Revealing, Memorable, Readable

4 | Buy Box (BB)

Fully informative, Trustful, Easy to understand, Easy to locate,
Useful, Optimized, Effortless, Transparent

5 | Rating/Reviews number (RRN)

Fully-featured, Easy to locate, Good graphical presentation,
Latest, Trustful, Good size

6 | Product description (PD)

Easy to understand, Enjoyable, Complete, Memorable,
Convincing, Attractive, Delicious, Eloquent, Good awards
information

7 | Specifications (SPE)

Clear, Complete, Easy to understand, Useful, Precise, Easy to
find, Interesting

8 | Video (V)

Entertaining, Good duration, Effective, Convincing, Memorable,
Good Quality, Easy to find, Impressive, Sensual, Promotional

9 | Cross sales/ recommended

products (CS)

Easy to locate, Attractive, Placed correctly, Good image size,
Good number

10 | Product warnings (PW)

Easy to find, Understandable, Impactful, Direct, Warning,
Ergonomic (all the words were found “very important”)
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Figure 3. Graphical representation of assessment results of a PP by the created Kansei scale. Green

dots refer to positive touchpoints, red to pain points, and orange to absent TPs

3.3.1 Recommendations for improving of the design of the TP Image gallery

The importance and usefulness of displaying different viewing angles of the product so that

the visitor can visually gather additional features about the product is well understood.

Particularly, when users browse to explore the product, the image gallery is one of the first
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content elements that most users will explore to quickly retrieve information. From the analysis
of the initial collection of 66 beer PPs, it was found that 82% had no Image gallery, probably
because standard templates are used or because comparative analysis is carried out by the use
of the beer PPs of similar e-retailers. The few available galleries were mainly comprised of 2-3
images of different sides of the beer bottle (front, back, side, or even top view.) This however is
probably not very effective for bringing the product close to the customers in order to
compensate that the product can not be touched. A statistically significant difference was found
between the evaluators’ emotional responses while interacting with different IGs as determined
by one-way ANOVA with Tukey post-hoc values of F (8,71) = 8.9 and p<0.001; 2 types of IGs
were determined as favorites and 2 samples as the least preferable. The results from PLS
analysis showed that including a gallery and enriching its content with inspirational images,
images from the brewery, pairing foods, and desirable (cold or not cold) beer in a glass was
found to have a higher positive effect (Figure 4.) The most preferable manipulation tools were
the magnifying glass and the 360° all around rotation of the bottle with control over to stop and
zoom in. The display of an image of the whole paper label was also found beneficial probably
because it is much easier to read the label's original information. Another possible reason for
this is the fact that beer labels are very graphically impressive, creative, and artistic.

3.3.2 Recommendations for improving of the design of the TP Product description

The results showed what design elements have a positive effect on the customers Kansei
toward the TP Product description (Figure 4). On one side, the product description accurately
describes what the product is about and its beneficial values using the right language and the
right tone, affecting attention and completeness and even educating. On another side, the
product description needs to include important keywords so that the page can rank well in
search engine rankings. In the initial collection of beer PPs, it was determined that 44 % of the
PPs had limited Product descriptions, aiming at giving a strong focus, usually only on the beer
taste by several words. The limited PD often resembled the textual information on the physical
label or its extended version. Only 24 % of the analyzed PPs had a detailed product description.
A variety of predominant tones of the description text were detected. The most preferable was
found to be the one being “joyful, analytical, and confident”, meaning that there were joyful
sentences, e.g., “We are happy to bring this drink we have been working on for some time, the
result of friendship, exchange and collaboration, finally in your glasses!", analytical ones, e.g.,
“All ingredients (apart from the citrus) were harvested within 33 miles of the brewery”, and
confident ones, e.g., “This beer is an exceptional drink that's compatible with all types of food,
especially tacos, fajitas, burritos, and seafood”. This aims at giving a much broader overview of
the product, from the fermentation process through the idea behind the recipe, the aging time,
pairing food, barrel type, and many more in order to impress and convince the customer. Such
descriptions educate, explain, and justify the high price of craft beer. As with other TPs, a
balance should be achieved between the length of the sentences, the tone of the sentences,
and the avoidance of unclear terms, because facts, if over-explained, may have the opposite
effect. Unknown terms can make the visitor do extra searches and leave the page. Skilled
writers create exceptional product descriptions and lately a copyright symbol can be observed
at the end of some product descriptions. It is interesting to further study the extent of control
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which the company producing the product has over the TPs related to the presentation of their
product on e-retail shop product pages. A statistically significant difference was found between
the evaluators’ emotional responses in the case of PDs with values of F (9,79) = 25.61 and
p<0.001; 1 PD stood out as favorite and 2 samples were the least preferable.

Touchpoint "Image gallery" Touchpoint "Product description"

Vertical layout No tone detect&

Horizontal layout Predominant tone of the text, AC

Image of the paperlabe - yes Predominant tone of the text, JAC

Image of the paper label - no R
Predominant tone of the text, |

Image of ingredients-yes
Image of ingre dients=no:

Predominant tone of fRE¥ExENIC

- Very hard to read sentences- no
Image of pairin gefoodyes

. Very hard to read sentences-1 FAGFERaR"T
Image of pairing food no

R Number of J@jeeHvEsIUFto"TT
Beerin a glass-yes

B Number of adjectives, 19-25
Beerin a glass- no

Average sentence length, 11-13 words
Image number-3

Image number-4 Average sentence length, 18-22 words

|mage number-5 Average sentence length, 30-40 words

Image number-7 Weord count, 33-64

Word count, 125-160

Word count, 160-310
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Figure 4. PLS coefficient plots with average values of the Kansei ratings for all KWs

4 CONCLUSIONS

A relatively big collection of beer PPs was used to analyze the current state of beer PP design
of specialized e-retailers. A Kansei scale for an assessment of the PPs' main touchpoints was
created by applying the KE approach. The scale was used to identify which TPs were positive,
neutral, or pain points from a customer perspective. Once the pain points were identified, the
design elements deemed preferable by the customers were classified into two types of TPs: one
visual, the "Image gallery", and one textual, the "Product description." The findings provide
valuable recommendations for web-designers, content creators, retailers and brands for making
improvements in the PP content by interpreting and implementing how customers feel. The
study will be extended across other products by adapting the KWs evaluating each product’s
"sensory information" according to its specific characteristics (e.g., assessing the sense of
touch.)
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ABSTRACT

Going green is increasingly important to the market. The present research indicates that
functional and emotional factors can achieve the best-perceived effects when choosing an
environment-friendly product. Therefore, this study aims to gather these attractive factors from
high-involvement groups by using Miryoku engineering. First, we capture the factors through
the Evaluation Grid Method and use Quantification Theory Type | for quantitative analysis.
Then, generalize four feelings about environment-friendly products, namely “Assured,”
“Responsible,” “Safe,” and “Comfortable.” We also define a linear dimension with short-,
normal-, and far-sight for locating attractive factors and feelings. The result shows that high-
involvement groups are more concerned about the long-term impacts of “Responsible” feelings,
while low-involvement groups focus more on the obvious benefits of “Responsible” and “Safe”
feelings. Moreover, the emphasis on natural ingredients is necessary for achieving “Assured”
and “Comfortable” feelings for both the high- and low-involvement groups.

Keywords: Environment-Friendly Product, Attractive Factors, Evaluation Grid Method,
Quantification Theory Type |, Miryoku Engineering

1 INTRODUCTION

The “Going Green” business is gaining importance with the increase in the environmental
knowledge of the consumers (Phuah, Ow, Sandhu, & Kassim, 2018). Consumers believe that
active green consumption can induce enterprises to make their production and sales more
environmentally friendly. Therefore, the development of environment-friendly products is

1 Corresponding author.
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increasing in the industry (Abele, Anderl, & Birkhofer, 2005). Many companies become more
“green” to attract and keep consumers, especially in manufacturing and marketing
(Vandermerwe & Oliff, 1990). Currently, more and more environment-friendly products are
produced without chemical substances (Song, Meysam, & Shaheen, 2016), that can be recycled
and will not cause pollution or natural resource depletion (Shamdasani, Chon-Lin, & Richmond,
1993).

In addition to the “green” changes in products, the purchase intention of consumers will also
be affected by multiple factors. Among these, emotions play an important role in predicting
human behavior. It can indirectly affect the strength or evaluation of our beliefs, thereby
influencing our intention and behavior (Ajzen, 2011). Negative emotions may be a barrier to
human environmental action, whereas positive emotions may increase environmental
performance (Carrus, Passafaro, & Bonnes, 2008). To realize the goal of green marketing, we
need to know the emotion type that influences green actions (Kao & Du, 2020), because the
rational benefits of green consumption are insufficient for the consumers to adopt green
purchasing behavior (Koenig-Lewis, Palmer, Dermody, & Urbye, 2014). For an environment-
friendly product, functional and emotional factors are considered complementary, because
combining functional strategies with emotional benefits can achieve the highest perceptual
effects (Hartmann, Apaolaza |Ibafiez, & Forcada Sainz, 2005).

Therefore, this study aims to explore the positive emotional factors of environment-friendly
products through interviews of high-involvement groups. These attractive factors will be
captured by Miryoku Engineering, as well as using the Evaluation Grid Method to build the
connection between functional and emotional factors. The results can help manufacturers
develop new products or systems that can enhance green purchasing.

2 RESEARCH FRAMEWORK

The research framework is shown in Figure 1. In this study, we will use Miryoku engineering
as the main research approach to help the development of attractive products or services.
There have several qualitative and quantitative methods under Miryoku engineering. In this
study, we will use the Evaluation Grid Method (EGM) to reveal the connection between
functional and emotional factors, and use the Quantification Theory Type | to analyze the data.

In the first part, this study searched for the environment-friendly products approved by the
Green Mark on Taiwan’s Green-Living Information Platform. In Taiwan, the Green Mark was
launched in 1992 to encourage manufacturers to produce fewer damaged products, and
consumers may be able to select recyclable, resource-saving, low-polluting products. The Green
Mark products were distinguished into several categories, including cleaning products, home
appliances, office supplies, monitors, and furniture. Due to the variety of environment-friendly
products in the market, this study was only limited to environment-friendly cleaning products,
including dishwashing detergent, hand soap, and toilet cleaner. We selected 30 products by
focus group and made them into 30 sample cards. These cards were printed with a color image,
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product name, and simple product descriptions without any price information to eliminate the
price factor.

The second part of this study captured the attractive factors through in-depth interviews with
nine consumers who had purchased at least six of the products in the samples. The most critical
five samples were chosen for the comparison ranking. In this stage, EGM was used to record the
information provided by the participants. EGM was introduced by the Japanese scholars
Junichiro Sanui and Masao Inui (Sanui, 1986), who modified the repertory grid technique from
George Kelly (Kelly, 1955). The participants were asked to evaluate the samples based on
“strengths and weaknesses” and “likes and dislikes.” During the interview, the researcher
focused on the questions which progressed from “what specific conditions” to satisfy “what
kinds of attractive features” to achieve “what kinds of feelings.” This laddering framework
revealed functional and emotional factors to be integrated into a systemic correlation.

In the third part, this study transformed the EGM results into a Quantification Theory Type |
guestionnaire. In this phase, we investigated the high- and low-involvement groups for potential
differences, the high-involvement groups were defined that having bought at least four of the
products in the samples. Then, the most important attractive factors were generalized toward
every abstract feeling in two groups. According to the Quantification Theory Type |, we can
notice the real factors that consumers care about.

Screening EGM
Samples Interview

3 RESULTS OF THE EGM INTERVIEWS

high-involvement
group

Quantification
Theory Type |
Analysis

Discussion &
Comparison

Questionnaire

Figure 1. Research framework

low-involvement
group

Based on the results of the in-depth interviews with the nine consumers, nine personal EGM
charts were created. The abstract feelings, original evaluations, and concrete conditions had
been laddered sequentially from left to right, using solid lines to indicate the relationship among
different factors. Each path showed one concept; for instance, “more natural ingredients

”

(concrete conditions)” can be “less irritating to skin (original evaluation)” to achieve the
“assured (abstract)” feeling. After the integration of the nine EGM charts, the most mentioned
abstract feelings were determined, which included Assured, Responsible, Safe, and

Comfortable.

3.1 Assured—EGM Charts

Figure 2 shows the structure of attractive factors toward the “Assured” feeling. The features
to create the “Assured” feeling were as follows:

145



KEER 2022 | 9TH INTERNATIONAL CONFERENCE ON KANSEI ENGINEERING AND EMOTION RESEARCH 2022

1. Fewer chemicals added: Avoid using a fluorescent agent and bleaching agent, and add
more natural ingredients to replace chemical ingredients, which can make the product
smell better, cause less harm to the skin, and easy to wash out.

2. No corrosive chemicals added: The absence of strong acids and alkalis in cleaning liquids
provides these products with a “Non-toxic” image and leads to the “Assured” feeling.

Abstract Feeling Original Evaluation Concrete Condition

Smells no synthetic fragrance
after washed

Fewer chemicals (more natural ingredients
and less fluorescent & bleaching agents)

No plastic smell

Hands will not itch after washing

Less irritating to skin

Assured Wash out the foam less than 10 seconds

Easy to clean the foam

(strong acids and alkalis)

No corrosive chemicals added

Do not t have any effect that put directly

Do not contain highly corrosive lotion |
on human skin |

Non-toxic

Figure 2. “Assured” EGM chart

3.2 Responsible—EGM Charts

Figure 3 shows the structure of attractive factors toward the “Responsible” feeling. The
features to create the “Responsible” feeling were as follows:

1. Fewer chemicals added: Use more natural ingredients to replace chemical ingredients,
which can reduce harmful gas production, and avoid polluting the water resource.

2. No corrosive chemicals added: The absence of strong acids in cleaning liquids will help
not to kill the beneficial bacteria in the septic tank when washing the toilet.

3. Replace plastic packaging: Replace the plastic packaging with biodegradable materials or
use recycled pulp on the packaging to reduce deforestation. A simple packaging design
will also prevent lasting garbage and avoid the generation of plastic particles.
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Abstract Feeling Original Evaluation Concrete Condition

Will not produce the gas that contained ‘
chlorine atoms

Reduce harmful gas production

Replace consumables that are not Fewer chemicals {more natural ingredients
environmentally friendly in daily life and less fluorescent & bleaching agents)
Reduce deforestation Hard-to-recycle plastic packaging

Avoid polluting rivers and
oceans

Will not kill septic tank’s
beneficial bacteria

Use recycled pulp on packaging

Responsible

Do not contain phosphorus ‘
Biodegradahle packaging Do not contain strong acids and alkalis ‘

Will not become plastic particles after

Will not cause lasting garbage i
decomposition

Figure 3. “Responsible” EGM chart

3.3 Safe—EGM Charts

Figure 4 shows the attractive factors’ structure toward the “Safe” feeling. The features to
create the “Safe” feeling were to use more natural ingredients and fewer chemicals to create a
non-toxic product, and the cleaning product should be harmless when touching the user’s skin.

Abstract Feeling Original Evaluation Concrete Condition

Safe NEh-takic Fewer chemicals {more natural ingredients
and less fluorescent & bleaching agents)

Can be used directly on human’s skin |

Figure 4. “Safe” EGM chart

3.4 Comfortable—EGM Charts

Figure 5 shows the structure of attractive factors toward the “Comfortable” feeling. The
feature to achieve the “Comfortable” feeling was to create “good smelling.” We can add some
natural ingredients such as tree bark to provide a good-smelling experience for the users.

Abstract Feeling Original Evaluation Concrete Condition
Comfortable 4| Good smelling

Tree bark smell |

Fewer chemicals (more natural ingredients
and less fluorescent & bleaching agents

Figure 5. “Comfortable” EGM chart

4 RESULTS OF THE QUANTIFICATION THEORY TYPE |

In this phase, we transformed the EGM results into a questionnaire. The abstract of the
original evaluation was transformed into the external reference, the abstract feeling became
the title, the original evaluation became the item, and the concrete condition became the
category. This study received 32 questionnaire responses from high-involvement groups and
117 questionnaire responses from low-involvement groups. The results of the Quantification
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Theory Type | are presented in Table 1. We chose the highest coefficient of partial correlation in
every feeling, and the data indicated the weight value of different feelings. The title “R”
represented the multiple correlation coefficients, and “R?” represented the coefficient of
determination.

Table 1. Abstract of the result of Quantification Theory Type |

Abstract Original evaluation Concrete condition | Category | Coefficient R R?
feeling (Iitem) (Category) score of parti.al
correlation
: Do not contain 0.10 0.46 0.57** | 0.33
Assured Smells no synthetic ; )
. highly corrosive
(High fragrance after ) )
) lotion (strong acids
involvement) washed >
and alkalis)
. Do not contain 0.18 0.37 0.45** | 0.20
Assured Smells no synthetic } )
highly corrosive
(Low fragrance after ) )
. lotion (strong acids
involvement) washed >
and alkalis)
Responsible Will not kill septic Do not contain 0.47 0.53 0.60** | 0.36
(High tank's beneficial strong acids and
involvement) bacteria alkalis
Replace 0.08 0.22 0.24* | 0.06
Responsible consumables that
Hard-to-recycle
(Lo are not lastic packagin
involvement) environmentally P P ging
friendly in daily life
Fewer chemicals 0.20 0.21 0.21* | 0.05
Safe (High 4 . (More natural
) Non-toxic ingredients & less
involvement)
fluorescent agent &
bleaching agent)
Safe (Low ) Can be used directly 0.43 0.31 0.31* | 0.10
. Non-toxic ;.
involvement) on human’s skin
Fewer chemicals 0.47 0.13 0.68** | 0.46
Comfortable (more natural
(High Good smelling ingredients and less
involvement) fluorescent &
bleaching agents)
Fewer chemicals 0.29 0.33 0.38* | 0.15
Comfortable (more natural
(Low Good smelling ingredients and less
involvement) fluorescent &
bleaching agents)

Note. *. correlated, **. strongly correlated, ***. very strongly correlated

Both high-involvement and low-involvement groups in the “Assured” feeling believed that
“smells no synthetic fragrance after washed” was the most important factor to create the
“Assured” feeling. Then, the results of the “Responsible” feeling showed that high-involvement
groups were more concerned about the further process after the product had been used; for
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instance, they considered whether the cleaning liquid killed the beneficial bacteria in the septic
tank or not. In contrast, low-involvement groups focused more on the use of plastic packaging
in daily life. For the “Safe” feeling, High-involvement groups were more concerned about the
ingredient issue, while low-involvement groups were more concerned about using the product
directly on the skin. Finally, both the high- and low-involvement groups in the “Comfortable”
feeling considered that weaker chemical smells led to a better user experience.

5 DISCUSSION

First, the factors presented in the two main feelings, “Assured” and “Responsible,” are very
different. The original evaluations in the “Assured” EGM chart are mainly focused on the
cleaning process, experts presented more on user experience using their five senses and the
phenomenon caused by the product. However, the original evaluations in the “Responsible”
EGM chart focus more on the packaging, with more concern for the packaging material and
whether it causes lasting waste or not.

According to the results of the Quantification Theory Type | analysis, we define the attractive
factors into three aspects, short-sight, normal-sight, and far-sight factors. These three aspects
are in the same linear dimension as Figure 6. The short-sight factors considered the short-term
benefits; for instance, the packaging materials or whether the cleaning products will harm our
skin or not. These factors can create “Responsible” and “Safe” feelings to attract low-
involvement groups. The normal-sight is a transition zone between the short and the far one. In
this study, we define the ingredients of environment-friendly products as the main factor in
normal-sight. The harmless and natural ingredients are the necessary conditions to create all
feelings. In addition, the “Assured” and “Comfortable” feelings are only located in this zone,
while the high-involvement group in the “Safe” feeling is also constructed by the same factors.
The last one is the far-sight, where factors are broader and with long-term benefits, such as the
environmental impact, or the process and conditions after the product has been used. In
addition, only “Responsible” feeling in the high-involvement group spans this interval. In
conclusion, “Responsible” and “Assured” feelings are more difficult to create, and we may
notice the different preferences of different groups.

Finally, we can provide several paths to design an environment-friendly product by referring
to the result of the EGM. For example, if we want to create a responsible and assured hand
soap, we can use biodegradable packaging and emphasize the natural ingredients through
advertising. If the target is the high-involvement group, we may highlight the importance of the
status of environmental protection on the packaging or advertisement. This study mainly
focuses on environment-friendly cleaning products; however, this method can also be applied
to other environment-friendly daily necessities to capture different attractive factors.
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= - @ B
Short-sight Normal-sight Far-sight

v

Note: (H)= High-involvement group, (L)= Low-involvement group

Figure 6. Dimension of environment-friendly products’ attractive factors

6 CONCLUSION

This study generalizes the attractive factors and four feelings regarding environment-friendly
products through in-depth interviews. These feelings are “Assured,” “Responsible,” “Safe,” and

”

“Comfortable.” According to the results of the quantitative analysis, we define a linear
dimension of attractive factors, that include short-sight, normal-sight, and far-sight. The
“Assured” and “Comfortable” feelings are focused on ingredient factors for the high-
involvement and low-involvement groups in the normal-sight. The “Responsible” feeling has the
largest span, from the short-sight to the far-sight, and the “Safe” feeling has a middle span,
between the short-sight and normal-sight. High-involvement groups in the far-sight are more
concern with the impact on the environment after the use of the considered products. In
contrast, low-involvement groups focus more on short-term benefits and the effects. In this
study, we propose a frame to simultaneously reveal the functional and emotional factors. These
attractive factors can be applied in the marketing and design strategies for developing
environment-friendly daily necessities.
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ABSTRACT

There is a significant need for objective assessment methods for schizophrenia. Therefore, this
study examined the emotional characteristics of facial stiffness—one of the indicators for
estimating patients' flat affect—using average faces. First, we conducted an experiment for
psychological evaluation of facial stiffness in 16 Japanese patients with schizophrenia. Twelve
medical professionals rated the patients' facial stiffness in 147 videos. Their gaze data were also
collected. To extract the physical characteristics of facial stiffness, 11 average faces of 14 male
patients and one average face of a group of healthy subjects were generated. The average faces
were subjected to an emotion evaluation test by the existing application and 33 medical experts.
The results showed that most of the average faces differed in the proportions of the eight
emotions between two tests. The most common emotions were anger for the stiffest average
face and calm for the healthy average face. In the application analysis, the percentage of
emotions other than calm, such as anger and sadness, ranged from 15-65%. In contrast, in the
judgment by medical experts ranged from 55-97% for emotions other than calm. The results
suggest that “the perception of anger” or “the perception of complex emotions with a mix of
anger, confusion, disgust, fear or sadness” is related to the judgment of facial stiffness by medical
professionals.

Keywordss: Schizophrenia, Stiffness of facial expression, Average face, Emotion analysis

1 INTRODUCTION

Evaluation of psychiatric patients' medical conditions requires both interview and observation.
However, observation is generally subjective, and formalization of the professional evaluation
process would facilitate the development of an evaluation system and be effective in responding
to changes in iliness. Lack of insight is a problem in schizophrenia, which is a common psychiatric
disorder. As it is difficult for these patients to correctly recognize their illness, it is desirable to
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develop an objective assessment method. The facial stiffness characteristic of schizophrenia is
thought to be related to the patient's reactions to hallucinations and flat affect—the latter is a
negative symptom of schizophrenia. Specifically, it is a state of decreased emotional reactivity,
including facial stiffness, gestures, and lack of appropriate emotional expression. Gur et al. (2006)
reported that flat affect is an important clinical feature of schizophrenia and is associated with
prognosis because it adversely affects the course of the illness. To assess flat affect, an objective
evaluation of facial stiffness, which is one of its indicators, is required. Although facial stiffness
has been evaluated based on the subjective judgment of the evaluator, it is necessary to formalize
the judgment. A unique feature of this study is that average faces were created and used as the
subject of analysis, instead of using the face images of individual patients. An average face is a
representation of the positional information, such as eyes and nose, averaged from multiple face
images that constitute the average face. It is mainly used in the field of face research because it
is suitable for representing the characteristics of faces as a group. It is generally believed that
averaging creates more attractive faces, and factors such as facial symmetry (Jones, DeBruine, &
Little, 2007) and improved skin texture are cited as contributing factors. Additionally, an attempt
to reveal the cognitive component of facial attractiveness (DeBruine, Jones, Unger, Little, &
Feinberg, 2007) by processing average faces using morphing techniques has also been reported.
Thus, it is believed that the average face shows the characteristics of the faces as a group.
Therefore, it is expected that the average faces of schizophrenia, which is the subject of this study,
will also show the characteristics of stiffness. In this study, average faces of schizophrenic patients
were graded based on their rated values of facial stiffness, and an attempt was made to identify
the emotional characteristics of facial stiffness specific to patients. The structure of this study is
shown below. In this study, five experiments were conducted. 1) We conducted an experiment in
which 12 medical professionals evaluated the facial stiffness of 147 images of patients, and
ranked the images according to the evaluation values to confirm whether there was a common
evaluation tendency. 2) To clarify the knowledge of medical professionals when evaluating facial
stiffness, we showed groups of images created according to the degree of stiffness and
interviewed medical professionals. 3) To extract facial stiffness characteristics, average faces
were created for each level of facial stiffness. 4) Emotional analysis of the average faces was
performed using an application. 5) Emotional judgment experiments by medical professionals
were conducted to clarify the emotional characteristics related to the judgment of facial stiffness
by each method. Additionally, the agreement and differences between the two methods were
examined. Through these experiments, the following findings were obtained: 1) There are two
types of criteria for judging stiffness—the perception of anger and the perception of complex
emotions with a mix of multiple emotions. 2) The proportions of mixed emotions differed
between applications and medical professionals' evaluation. Judgments by medical professionals
showed a mix of anger, confusion, disgust, and fear or sadness, suggesting that the perception of
more complex emotions is related to the evaluation of stiffness. This study was conducted with
the approval of the Ethics Review Committee on Research with Human Subjects of Waseda
University and the Ethical Review Committee of Takatsuki Hospital.

154



KEER 2022 | 9TH INTERNATIONAL CONFERENCE ON KANSEI ENGINEERING AND EMOTION RESEARCH 2022

2  EXPERIMENT 1 : EXPERIMENTAL EVALUATION OF FACIAL STIFFNESS BY
MEDICAL PROFESSIONALS

The evaluation experiment of patients' facial stiffness was used to obtain evaluation values and
rank the images, and to confirm whether there was a common evaluation tendency.

2.1 Methods

The participants were 12 (6 males and 6 females) medical professionals with at least 10 years
of clinical experience in psychiatry, and included five nurses, two occupational therapists, two
clinical psychologists, and three mental health workers. They studied the facial expressions of 16
Japanese schizophrenic patients (14 males and 2 females) admitted to a psychiatric hospital. The
stimuli for the facial stiffness evaluation experiment were 147 videos of the patients' faces when
they entered the occupational therapy room. The time required to recognize facial expressions is
less than 400 ms (Tobimatsu, 2012). Additionally, considering the time required to evaluate facial
stiffness, the average length of the stimulus videos was 1.96 seconds (standard deviation 0.39).
An evaluation application was originally developed to playback the stimulus videos and obtain
evaluation values. Figure 1 shows the evaluation experiment. The evaluation was conducted by
moving the knob of the evaluation slider. The evaluation values were obtained by a method in
which the position information of the knobs was recorded in a text file. At the same time, the
gaze position during the evaluation was recorded at 60 fps by an eye-tracking device (Tobii ProX3-
120 Eye Tracker) attached to the bottom of the monitor.

@®Video Monitor:
BenQ XL2420-B

Figure 1. Experiment Environment

2.2  Results

The facial stiffness ratings obtained from the facial stiffness evaluation experiment were
standardized. The box-and-whisker plots in Figure 2 show the ranking of video stiffness based on
the mean of the standardized scores of the 12 participants, divided into groups of 30 videos each.
Figure 2 shows that the variation in scores was lowest in the middle group of stiffness ratings. The
variation of the scores was highest in the middle group of the stiffness evaluation, and it was
larger in the lower group than in the higher group. Therefore, the F-test was used to compare the
variance of each group. The results showed that the following six combinations (1-30 and 61-90,
1-30 and 121-147, 31-60 and 91-120, 31-60 and 121-147, 61-90 and 91-120, and 61-90 and
121-147) had p<.01, indicating significant differences in the variability of ratings. In particular,
the lowest group (121-120) showed the largest variation in scores, indicating a significant
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difference from the top-three groups. In other words, the higher scores showed less variation in
the evaluation of stiffness, suggesting the possibility that there is some index that medical
professionals have in common regarding the evaluation of stiffness.

4.000
3.000

2.000

%+++++

Standardized score

-2.000
-3.000

-4.000
1-30 31-60 61-90 91-120 121-147

Video groups
Figure 2. Box-and-whisker diagram of standardized evaluated values of stiffness of facial expression
collected per 30 ranks

3 EXPERIMENT 2 : INTERVIEWS ABOUT STIFFNESS RATINGS

Interviews were conducted to determine the knowledge of medical professionals in assessing
facial stiffness.

3.1 Methods

For each rater, three groups of videos were created from the 147 videos based on the
evaluation values. The top-30 videos in terms of stiffness were grouped together as the "group
with stiff facial expressions"; the middle-30 videos as the "middle group"; and the bottom-30
videos as the "group with soft facial expressions.” After presenting these group videos to the
raters, we obtained their comments on the facial characteristics of each group through semi-
structured interviews.

3.2 Results

Eight of the 12 participants in the "stiff facial expression" group responded that the videos were
characterized by the state of their facial muscles. Six of the 12 respondents indicated that there
was no movement of the muscles. Four respondents answered that they had no facial expression,
and one said that their muscles were relaxed. Ten of the 12 respondents related to the eyes. Five
of them mentioned the eye direction, especially downward gaze. Five of the 12 respondents
mentioned eye movement, and four mentioned sharpness of the eyes. These results suggest that
two pieces of information: the state of facial muscles and the state of the eyes, are used as cues
in the evaluation of facial stiffness.

4 EXPERIMENT 3 © ANALYSIS OF GAZE DATA DURING EVALUATION OF STIFFNESS

To extract facial stiffness features, average faces were created for each stage of facial stiffness.
Furthermore, we mapped the gaze data during the evaluation of stiffness onto the average face,
and clarified the clues for evaluation based on the characteristics of the distribution of gazing
points at different levels of stiffness.
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4.1 Methods
4.1.1 Creating average faces

The average faces of the patients were created using 127 videos of 14 male patients out of
147 videos. The most front-facing image was extracted from each video. Average Face PRO
(version 4.7.3) was used to create the average faces. Average face 1 was constructed using the
images ranked from 1 to 30 in terms of stiffness. Average face 2 is composed of images ranked
from 11 to 40. Eleven faces were created by shifting the ranking of the stiffness of the images
used in the same manner by 10 (Figure 3). The average number of included patients in the
average face was 9.7. Images from the Photo AC website were used to create the average faces
of the healthy subjects. After cropping the parts of the faces that were straight and facing forward,
and after collecting the 20 faces, 14 were randomly selected to create the average face of healthy
subjects (Figure 3).

Average face 1 Average face 2 Average face 3 Average face 4 Average face 5 Average face 6

Average face of
Average face 7 Average face 8 Average face 9 Average face 10  Average face 11  a healthy person

Figure 3. Eleven average faces of schizophrenia by stiffness of facial expression and one average face

of a healthy person

4.1.2 Mapping gaze data to average face

For the analysis of the gaze data, the data recorded by the eye-tracking device was output as
videos in Tobii Pro Studio. The videos were then divided into frames using a video editing software
(Free Video to JPG Converter v.5.0.101 build 201). The position of the gazing point on the patient's
face shown in the segmented images was mapped to the relative position of the average face.

4.2  Results

The gaze data of 12 medical professionals during the evaluation of the videos with stiff facial
expressions are superimposed in Figure 4. The left figure shows the gaze data of the video with
the stiffest facial expression mapped to average face 1. In contrast, the right figure shows the
results of mapping the gaze data of the video rated as the seventh stiff expression to average face
1. There were two types of distribution of gazing points in the video group evaluated as having
stiff facial expressions: the first was that the gazing points were concentrated around the eyes;
the second was that the gazing points were distributed over the entire face. In the videos with
the stiffest facial expressions, the gazing points were concentrated around the eyes, inside the
eyebrows, and on the upper part of the nose. This is consistent with the "anger" feature of
Ekman's six basic emotions (Ekman & Friesen, 1971). In contrast, in the seventh-ranked video, the

157



KEER 2022 | 9TH INTERNATIONAL CONFERENCE ON KANSEI ENGINEERING AND EMOTION RESEARCH 2022

gazing points were distributed not only around the eyes but also around the entire face, including
the cheeks and mouth. Figure 5 shows a mapping of the gaze data during the evaluation of the
videos with the softest facial expressions to the average face 11. In the videos with the softest
expressions, the gazing points tended to be distributed to the eyes and their extensions at the
corners of the eyes. These results suggest that the range of gazing points during evaluation is
narrow when emotions can be judged only around the eyes and nose, such as when "anger" or "
happy" emotions are expressed, and that the gazing points are widely distributed when no

specific emotion is expressed.

Gaze data of the video with Gaze data of the video
rated as the seventh

the stiffest facial expression

Figure 4. Results of mapping gaze data to the average face of the video images rated as stiffest

Gaze data of the video with
the softest facial expression

Figure 5. Results of mapping gaze data to the average face in the video image rated as soft

5 EXPERIMENT 4 : EMOTIONAL ANALYSIS OF AVERAGE FACES BY APPLICATION

Eight types of emotional analyses were conducted using the application with the aim of
clarifying the emotional characteristics of the average faces.

5.1  Methods

Emotion analysis was performed on each average face using a web-based application (Amazon
Rekognition Face Analysis). Emotion prediction with Amazon Rekognition is based on the physical
appearance of the person's face in the image, and each emotion is assigned a confidence score.
The eight emotions analyzed were calm, angry, sad, confused, disgusted, surprised, happy, and
fear.
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5.2 Results

The results of the analysis are shown in Figure 6. Average face 1 on the left-side of the figure
is composed of the images ranked from 1 to 30 with the stiffest facial expressions. Moving to the
right, ranking of the stiffness of facial expressions of the images decreases, and average face 11
is the face with the softest facial stiffness. The rightmost image is the result of the emotion
analysis of the average face of a healthy subjects. Average face 1 had the highest confidence in
the emotion of anger at 53.6%. All other average faces had the highest confidence in the emotion
of calmness, indicating that the characteristics of the average faces are different from average
face 1. Average faces 2-5 and 9 contained about 10-20% anger emotion. Additionally, average
faces 2-5 contained about 10-15% sadness. Average faces 3 and 5-10 contained about 5-10%
confusion. Average face 11 had the highest degree of certainty of being calm (85.4%) among
patients’ average faces. The average face of a healthy subjects was 99.5% certain of calmness,
and contained few other emotions, which was different from the average faces of the patients.
In summary, there were two types of average faces that were judged to have stiff facial
expressions: those that showed anger, and those that had a mix of anger, sadness, and mild
emotion facial features. The average faces judged to be intermediate to soft tended to show a
decrease in the proportion of anger and an increase in the proportion of confusion.

m CALM mANGRY mSAD m CONFUSED mDISGUSTED m SURPRISED m HAPPY m FEAR
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Figure 6. Results of emotion analysis of average faces using the application

6 EXPERIMENT 5 : AN EXPERIMENT IN JUDGING THE EMOTIONS OF AVERAGE
FACES BY MEDICAL PROFESSIONALS

An emotion judgment experiment was conducted to characterize medical professionals'
emotion judgments about average faces, and the results were compared with the results of the
application in Experiment 4.

6.1 Methods

The experiment included 33 participants (13 males, 19 females, and one non-binary): four
physicians, 16 nurses, four licensed psychologists, five occupational therapists, and four mental
health workers employed at a psychiatric hospital. Their ages ranged from 25 to 60 years (mean
40.0 years, standard deviation 9.38). The program for the emotion judgment experiment was
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created using a questionnaire tool (qualtrics). Emotion judgments were made by selecting up to
three possible emotions from the displayed average face images in order of likelihood. After one
practice session using the practice images, the participants responded to the 12 average faces
that were displayed at random. Eight emotions were selected—same as in the application of
Experiment 3. The second and third place selections could also be made by selecting "not
applicable."

6.2 Results

Figure 7 shows the percentages of emotions that the raters selected as first place. Average
face 1 had the highest percentage of anger, judged at 36.4%, followed by disgust at 30.3%.
Average faces 2-6, 8, and 11 had the highest percentage of confusion, ranging from 30 to 50%. In
particular, half of the raters (51.5%) were confused about average face 6. The average faces 1 to
6 were rated as disgusting by 12 to 30% of the raters. Average face 7 was rated as mild by the
highest percentage of raters (45.5%). For average face 10, 69.7% of the patients judged it as joyful.
The average face of healthy subjects was judged as moderate by 78.8% of the total respondents,
which was different from the tendency of the average faces of the patients. The application and
medical professionals shared the same judgments about the average face 1. The highest
percentage of both judgments was anger. In the application's analysis of emotions, the highest
confidence was found in the eight emotions, ranging from 60—-85%, with the exception of average
face 1, which had the highest confidence in the emotion of calm for all the average faces. In
contrast, in the judgment by medical professionals, the highest rate of selecting "calm" was 45%
for average face 7, followed by 30% for average faces 4 and 9, indicating that emotions other
than "calm" were selected in a high percentage of cases. Additionally, a significant difference was
that confusion was selected more frequently by the human judges, with more than 30% of the
judges selecting this emotion for average faces 2—6, 8, and 11. In the application, the facial
features rated as stiffness were a mix of anger, sadness, and calm, but in the judgment by medical
professionals, a mix of anger, confusion, disgust, and fear, and a mix of anger, confusion, disgust,
and sadness were indicated, suggesting that a more complex perception of emotion is associated

mCALM  mANGRY SAD CONFUSED mDISGUSTED mSURPRISED mHAPPY mFEAR
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Figure 7. Results of emotion judgment of average faces by medical professionals
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with the evaluation of stiffness. The results suggest that a more complex perception of emotions
is associated with the evaluation of stiffness.

7 DISCUSSION

With the aim of developing an objective evaluation method for schizophrenia, this study
attempted to clarify facial stiffness in patients in terms of emotional characteristics. After
interviews with medical professionals, two characteristics were identified in the evaluation of
stiffness: state of facial muscles and sharpness of eye contact. This was supported by the fact that
the mapping of gaze data showed that the average face with stiffness was distributed to the area
that expressed anger emotion. Additionally, we conducted an emotion analysis application and
emotion judgments by medical professionals on the average faces, and confirmed the consistency
and differences between the two judgments. As a result, the only commonality extracted
between the two was that the detection of anger emotion for the stiffest average face 1 was
related to facial stiffness and that the average face of healthy subjects was judged as calm. In the
emotion judgments for many of the other average faces, the composition of emotions differed
significantly between the applications and the medical professionals. Faces rated as stiff by the
application showed a mix of facial features of anger, sadness, and calm emotions, whereas
medical professionals' judgments showed a mix of anger, confusion, disgust, and fear, as well as
anger, confusion, disgust, and sadness, suggesting that a more complex perception of emotions
was associated with the stiffness ratings. These results suggest that facial stiffness was evaluated
using two criteria. Criterion 1 was the perception of anger and criterion 2 was the perception of
complex emotions. A possible reason for the difference between the two groups could be that
the facial features of schizophrenics are different from those of healthy people, which had a
significant impact on the differences between the two groups. Most emotion analysis applications
are based on Ekman et al.'s (2002) Facial Action Coding System (FACS), and emotion judgments
are mainly based on positional information of facial parts. Therefore, it is considered that both
judgments were consistent for the average face of a healthy person. However, it can be inferred
that the application found it difficult to judge the emotions of patients’ faces because of the
difficulty in expressing typical emotions that can be handled by FACS because of flat affect and
parkinsonism. Additionally, confusion was the most frequently selected feature of emotion
judgments by medical professionals for many average faces. This may be due to the possibility
that patients' psychological states are influenced by psychological symptoms such as auditory
hallucinations, which may be harmful to them. The criteria used by medical professionals to judge
facial stiffness were a mix of anger, embarrassment, disgust, and fear, or a mix of anger,
embarrassment, disgust, and sadness, which were difficult to distinguish from specific emotions.
However, it is possible that this ambiguity in facial expressions is related to the Praecox Feeling
proposed by Rimke, and this will require further study. Although the accuracy of emotion analysis
tools has been improved by the use of big data and deep learning technologies in recent years,
there was a difference between the judgment of average faces of schi