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Foreword

This year we celebrate 40 years since the establishment of the HCI International (HCII)
Conference, which has been a hub for presenting groundbreaking research and novel
ideas and collaboration for people from all over the world.

The HCII conference was founded in 1984 by Prof. Gavriel Salvendy (Purdue
University, USA, Tsinghua University, P.R. China, and University of Central Florida,
USA) and the first event of the series, “1st USA-Japan Conference on Human-Computer
Interaction”, was held in Honolulu, Hawaii, USA, 18-20 August. Since then, HCI Inter-
national is held jointly with several Thematic Areas and Affiliated Conferences, with
each one under the auspices of a distinguished international Program Board and under
one management and one registration. Twenty-six HCI International Conferences have
been organized so far (every two years until 2013, and annually thereafter).

Over the years, this conference has served as a platform for scholars, researchers,
industry experts and students to exchange ideas, connect, and address challenges in the
ever-evolving HCI field. Throughout these 40 years, the conference has evolved itself,
adapting to new technologies and emerging trends, while staying committed to its core
mission of advancing knowledge and driving change.

As we celebrate this milestone anniversary, we reflect on the contributions of its
founding members and appreciate the commitment of its current and past Affiliated
Conference Program Board Chairs and members. We are also thankful to all past
conference attendees who have shaped this community into what it is today.

The 26th International Conference on Human-Computer Interaction, HCI Interna-
tional 2024 (HCII 2024), was held as a ‘hybrid’ event at the Washington Hilton Hotel,
Washington, DC, USA, during 29 June — 4 July 2024. It incorporated the 21 thematic
areas and affiliated conferences listed below.

A total of 5108 individuals from academia, research institutes, industry, and
government agencies from 85 countries submitted contributions, and 1271 papers and
309 posters were included in the volumes of the proceedings that were published just
before the start of the conference, these are listed below. The contributions thoroughly
cover the entire field of human-computer interaction, addressing major advances in
knowledge and effective use of computers in a variety of application areas. These papers
provide academics, researchers, engineers, scientists, practitioners and students with
state-of-the-art information on the most recent advances in HCI.

The HCI International (HCII) conference also offers the option of presenting ‘Late
Breaking Work’, and this applies both for papers and posters, with corresponding
volumes of proceedings that will be published after the conference. Full papers will
be included in the ‘HCII 2024 - Late Breaking Papers’ volumes of the proceedings to
be published in the Springer LNCS series, while ‘Poster Extended Abstracts’ will be
included as short research papers in the ‘HCII 2024 - Late Breaking Posters’ volumes
to be published in the Springer CCIS series.
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I would like to thank the Program Board Chairs and the members of the Program
Boards of all thematic areas and affiliated conferences for their contribution towards
the high scientific quality and overall success of the HCI International 2024 conference.
Their manifold support in terms of paper reviewing (single-blind review process, with a
minimum of two reviews per submission), session organization and their willingness to
act as goodwill ambassadors for the conference is most highly appreciated.

This conference would not have been possible without the continuous and
unwavering support and advice of Gavriel Salvendy, founder, General Chair Emeritus,
and Scientific Advisor. For his outstanding efforts, I would like to express my sincere
appreciation to Abbas Moallem, Communications Chair and Editor of HCI International
News.

July 2024 Constantine Stephanidis
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Preface

The increasing internationalization and globalization of communication, business and
industry is leading to a wide cultural diversification of individuals and groups of users
who access information, services and products. If interactive systems are to be usable,
useful and appealing to such a wide range of users, culture becomes an important HCI
issue. Therefore, HCI practitioners and designers face the challenges of designing across
different cultures, and need to elaborate and adopt design approaches which take into
account cultural models, factors, expectations and preferences, and allow development
of cross-cultural user experiences that accommodate global users.

The 16th Cross-Cultural Design (CCD) Conference, an affiliated conference of the
HCI International Conference, encouraged the submission of papers from academics,
researchers, industry and professionals, on a broad range of theoretical and applied issues
related to Cross-Cultural Design and its applications.

A considerable number of papers were accepted to this year’s CCD conference
addressing diverse topics, which spanned a wide variety of domains. A notable theme
addressed by several contributions was that of user experience and product design from a
cross-cultural point of view, offering insights into design, user interaction, and evaluation
across different domains and how cultural contexts shape user preferences, expectations,
and behaviors. Furthermore, a considerable number of papers explore how individuals
perceive, attend to, and process information within cultural contexts. Furthermore, the
impact of culture across different application domains is addressed, examining tech-
nologies for communication, cultural heritage, and digital transformation and bringing
together cutting-edge research, innovative practices, and insightful studies. Finally, the
influence of culture on emerging technologies is a prominent theme, with contributions
discussing extended reality, aviation and transportation, as well as artificial intelligence,
addressing a multitude of aspects such as narrative design, interaction design, evaluation
of user experience and performance, artificial empathy, and ethical aspects.

Four volumes of the HCII 2024 proceedings are dedicated to this year’s edition of
the CCD conference:

e Part I addresses topics related to Cross-Cultural Design and User Experience, and
Cross-Cultural Product Design;

e Part II addresses topics related to Cross-Cultural Communication and Interaction,
and Cultural Perception, Attention and Information Processing;

e Part III addresses topics related to Cross-Cultural Tangible and Intangible Heritage
and Cross-Cultural Digital Transformation;

e Part IV addresses topics related to Cross-Cultural Extended Reality, Cross-Cultural
Design in Aviation and Transportation, and Artificial Intelligence from a Cross-
Cultural Perspective.



Xiv Preface

The papers in these volumes were accepted for publication after a minimum of two
single-blind reviews from the members of the CCD Program Board or, in some cases,
from members of the Program Boards of other affiliated conferences. I would like to
thank all of them for their invaluable contribution, support and efforts.

July 2024 Pei-Luen Patrick Rau
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It will cover a broad spectrum of themes related to Human-Computer Interaction,
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Persuasive Determinants of Physical Activity
in Adults: Cultural Differences
and the Moderating Effect of Gender and Age

Najla Almutari, Alaa Alslaity®?, and Rita Orji

Dalhousie University, Halifax, CA, Canada
{najla.almutari,Alaa.alslaity,Rita.orji}@dal.ca

Abstract. Evidence shows that physical inactivity is one of the leading causes of
mortality worldwide. A growing variety of behavioural change interventions have
been developed to promote physical activity behaviour, and have shown success.
However, most of these apps apply a one-size-fits-all approach focusing on indi-
vidualistic cultures and neglecting collectivist cultures. We investigate the possible
cultural differences between individualism and collectivism on how the behavioral
determinants influence people’s physical activity behaviour. We conducted a large-
scale study of 430 participants from collectivist and individualist cultures using
the extended Health Belief Model (HBM). We also assess the moderating effect
of age and gender. We map these determinants to their corresponding persuasive
strategies that can be used in operationalizing them in behaviour change applica-
tions for promoting physical activity. Our findings show that Social influence and
Cue to action are the strongest determinants of physical activity for collectivists.
Whereas in individualists, Cue to action, and Self-efficacy are the strongest deter-
minants of physical activity. Finally, we discuss the implications of our findings
and offer design guidelines for persuasive interventions that both appeal to a broad
audience and are tailored to a particular group depending on their gender and age
group.

Keywords: Physical Activity - Persuasive Technology - Health Belief Model
(HBM) - Culture - Persuasive determinants - Behaviour change

1 Introduction

Physical inactivity is a significant risk factor for many non-communicable diseases, such
as heart disease and diabetes. Evidence shows that physical inactivity is one of the high-
est risk factors for death globally [33]. Research shows that 25% of adults (18 years or
older) are physically inactive [33]. This high number of inactive adults continues to rise,
as it is driven by economic development and urbanization. Therefore, physical activity
promotion remains an important task. However, it is not an easy task due to the inter-
actions and interdependencies between physical activity and various factors, including
demographic, psychological, social, biological, and behavioural factors. Research has
shown that physical activity motivation interventions are one of the most effective ways
to motivate people to be physically active [61].

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2024
P.-L. P. Rau (Ed.): HCII 2024, LNCS 14699, pp. 3-27, 2024.
https://doi.org/10.1007/978-3-031-60898-8_1
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Persuasive Technology (PT) refers to apps that are intentionally designed to change
behaviours and attitudes by persuasion without coercion or deception [26]. These apps
have shown effective results at changing behaviours in many health domains [2, 17,
47]. Behaviour change theories are the basic building block for many persuasive and
behaviour change systems [1, 69]. Over the years, various health behaviour theories
have been developed that could be used to inform persuasive intervention designs [56],
such as Social Cognitive Theory [12], Transtheoretical Model [64], Theory of Planned
Behaviour [4], and the Health Belief Model [68]. However, the Health Belief Model
(HBM) is one of the most widely applied health behaviour theories [55-57, 59, 68].

The Health Belief Model (HBM) was developed to explain why some people take
actions aimed at preventing diseases or activities that can lead to health issues while
others care less. The HBM proposes that the likelihood of performing a health-related
behaviour is influenced by individual’s perception of six determinants:

e Perceived susceptibility: “perceived risk for contracting the health condition of
concern”.

e Perceived severity: “perception of the consequence of contracting the health condition
of concern”.

e Perceived benefit: “perception of the good things that could happen from undertaking
specific behaviours”;

e Perceived barrier “perception of the difficulties and cost of performing behaviours™;

e Cue to action “exposure to factors that prompt action”;

e Self-efficacy “confidence in one’s ability to perform the new health behaviour” [62]

Several persuasive applications (or apps) have been developed for promoting physi-
cal activity [11, 24, 52]; however, these apps mostly used the one-size-fits-all approaches
neglecting tailoring behaviour theories and associated persuasive strategies to user
groups [41, 55].

More importantly, most PT studies are based on developed countries such as Amer-
ican, European, and Canadian cultures, which are categorized as individualistic [47,
55], although physical inactivity remains a global challenge that affects individualist
and collectivist cultures. Consequently, existing PT for promoting physical activity may
not meet the needs of users from collectivist cultures, which emphasizes the need to
investigate how to tailor persuasive interventions for physical activity to people from
collectivist cultures. Culture has been shown to influence many aspects of our lives,
including our beliefs, motivations, and even how we interact with interactive systems
[46, 48, 66]. Cultural and contextual factors should be taken into consideration in design-
ing interventions aimed at motivating healthy behaviour change to ensure the success of
these interventions.

Despite the overwhelming evidence on the need to consider people’s culture in
designs, the effect of different cultural groups (as identified by Hofstede [76]) on the
design of physical activity interventions and associated determinants has been largely
ignored. Whether or not people from collectivist and individualist cultures are influenced
by different physical activity determinants is an open research question which we intend
to answer in the current research. Specifically, our research will investigate if and how
behaviour determinants can be tailored in PT interventions targeting various cultures to
promote physical activity among the target audience effectively.
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In this paper, we present culturally appropriate design guidelines for tailoring persua-
sive physical activity interventions to collectivist and individualist cultures. Our design
guidelines are based on a large-scale comparative study (N = 430) of the physical activ-
ity behaviour and associated determinants of people from collectivist and individualists
cultures. Specifically, 217 participants were collectivist and 213 from individualist cul-
tures. We used structural equation modelling (SEM) to develop models and conducted
a comparative analysis of the relation between the different determinants of physical
activity behaviour for people from collectivist and individualist cultures. Furthermore,
we investigate possible moderating effects of age and gender both within and between
the cultural groups. Finally, we offer design guidelines for both a one-size-fits-all and a
personalized approach to PT intervention design.

Our study is based on the HBM determinants. We also extended the HBM and
included the Social Influence because it is an important determinant of health behaviour
[8].

Our findings show significant differences between the participants from collectivis-
tic cultures and those from individualistic cultures. The social influence, cue to action
and perceived severity emerged as the strongest determinants of physical activity in par-
ticipants from collectivistic cultures. Whereas in the individualist culture, cue fo action,
self-efficacy, and social influence are the strongest determinants of physical activity.
The results also demonstrated a moderating effect of gender and age. With respect to the
within-group gender differences, the results show that collectivist males and females dif-
fer in social influence, severity, and susceptibility, while individualist males and females
differ significantly in perceived benefit and severity. Likewise, various age groups within
each culture show differences. For instance, collectivist younger and older adults per-
ceived self-efficacy, severity, susceptibility, and social influence differently, while indi-
vidualist younger and older adults perceived susceptibility, severity, social influence,
self-efficacy, and benefit differently.

These differences emphasize the need to tailor PT interventions based on cultural
groups (collectivism and individualism). Therefore, tailored guidelines for promoting
physical activity based on the health beliefs of different cultures are necessary for an
effective and successful health behaviour change.

Our work offers five main contributions. First, it extends the health belief model to
include the social influence as an important determinant of health behaviour from the
literature. Second, it applies the extended HBM to conduct a comparative investigation
of the determinant of physical activity among collectivist and individualist cultures,
creating ten unique models for different populations of users. Third, it investigates the
moderating effect of age and gender on the extended HBM determinants on physical
activity behaviour. Fourth, we map the determinants to their corresponding design strate-
gies for operationalizing them in behaviour change intervention design. Finally, we offer
design guidelines for persuasive interventions that appeal to both a broad audience and
tailored to a particular group depending on their culture, gender, and age group.
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2 Background and Related Work

This section presents background concepts and explores the related work. Specifically,
we discuss culture and human behaviour in Sect. 2.1, culturally-relevent persuasive
techniques in Sect. 2.2, and the HBM in Sect. 2.3

2.1 Culture and Human Behaviour

Culture can be defined as “the collective programming of the mind which distinguishes
the members of one group or category of people from another” [76]. It is acquired and
transmitted from one generation to another and shared by a group of people. Culture plays
an important role in forming people’s behaviours and attitudes. It influences almost all
areas of our lives, including the way people communicate and interact with technology
[59]. Social scientists have examined the differences between cultures based on the values
distributed by various groups. As a result, they identified five critical cultural dimen-
sions [76]: Collectivism versus Individualism, Femininity versus Masculinity, Long-term
versus Short-term orientation, Power-distance, and Uncertainty avoidance. This paper
focuses on the first dimension (i.e., Collectivism versus Individualism) as many studies
have shown that these two dimensions account for most of the variation in global dif-
ferences [36, 76]. Particularly, this study examines possible cultural differences in the
determinants of physical activity using the extended HBM.

Studies have found several differences between individualist and collectivist cultures.
In an individualist culture, there are loose ties between individuals, and individuals
are expected to take care of themselves and their immediate family members [76].
People in individualist cultures tend to be more independent in making decisions, more
competitive, less cooperative, and less concerned within-group goals [46, 72]. On the
other hand, people in collectivist cultures get united into solid and cohesive groups
from birth. The collectivist expects other in-group members to take care of them and to
protect them in return for unquestioning loyalty [36, 46, 72]. In addition, group interest
outweighs the individual interest in a collectivist society, and individuals behave to
maintain good and tight relationships within the group to avoid loss of face [46, 76]. In
terms of attitude-behaviour patterns, Collectivists are less consistent, and they work for
group benefit [46, 76].

It is worth mentioning that the five cultural dimensions (known as Hofsteade’s cul-
tural model) have some limitations, such as the broad binary classification [37]. How-
ever, we decided to adopt it for several reasons; 1) it has been successfully adopted by
several HCI research [13, 28, 46, 51]. 2) Recent research has confirmed the validity
of the individualism/Collectivism dimension [71]. 3) research has found that the Col-
lectivist/Individualist dimension successfully predicts individuals’ behaviours, such as
healthy eating [23], food overconsumption [3, 63], and smoking cessation [46].

To distinguish individualist and collectivist cultures, researchers rely on the individ-
ualist index, a 16-item scale designed to measure four dimensions of collectivism and
individualism [75]. The scores of this index are presented as a spectrum from O to 100.
The higher the score obtained, the more individualists and the lower scores are collec-
tivists. Researchers generally categorize North America, Western Europe, and Australia
as individualist nations, whereas Africa, Asia, and South America are characterized as
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collectivist societies [76]. Therefore, this research follows a similar classification to allo-
cate participants into cultural groups. Canada scores 80 on the individualist index and,
therefore, can be characterized as an individualist culture, whereas Saudi Arabia scores
25 and is thus considered a collectivistic culture [21, 22, 55]. The contrast between the
two nations makes them of interest for this study.

2.2 Culturally Relevant Persuasive Technology

Recent research has shown that computer applications in general, and persuasive tech-
nology in particular, need to be made culturally relevant [46, 48, 68]. Persuasive Tech-
nology (PT) can be defined as technology that aims to form, alter, or reinforce attitudes
and/or behaviours without using deception, coercion, or inducements [26]. PT should be
designed to unobtrusively integrate into the user’s daily life [19]. As mentioned above,
culture plays a crucial role in shaping individuals’ attitudes and behaviours. Thus, total
integration of PT into human life cannot be achieved without taking into consideration
various cultural aspects.

According to Grimes and Grinter [31], cultural relevance can be achieved if the inter-
vention understands the beliefs, norms, needs, and behaviours of the target population.
Accordingly, persuasive technologies (which are often informed by human behaviour
theories and their associated determinants) can be made culturally relevant by adapting
the fundamental theories, determinants, and strategies to the cultural beliefs, norms,
and needs of the target audience. It is worth noting, however, that adapting to the cul-
tural dimensions does not necessarily mean that the PT interventions will be successful.
Rather, PT interventions that adapt to the cultural dimensions will increase the likelihood
of being culturally meaningful to the target audience [31], which, in turn, will increase
its effectiveness.

The research in the area of designing culturally-relevant PT is still limited, and only
a few research have been done in this area. Khaled et al. [46] investigated the impact of
cultural differences on the effectiveness of various persuasive strategies. They concluded
that the persuasive strategies commonly used are suitable for individualists rather than
for collectivists. Accordingly, the authors proposed five collectivist-focused persuasive
strategies — group opinion, group surveillance, deviation monitoring, disapproval con-
ditioning, and group customization. These strategies, however, are not theory-based and
not based on a large-scale study.

In the domain of smoking cessation, a persuasive game called “Smoke?” is proposed
by Khaled et al. [45]. The game targeted both collectivist and individualist cultures,
and its design was informed by a set of collectivist-focused strategies — harmony, group
opinion, monitoring, disestablishing, and team performance. The evaluation results of
“Smoke?” demonstrated that the culturally-matched strategies yield greater persuasion.

Culturally relevant designs have also been used in other health domains. For instance,
Orji and Mandryk [56] investigated culturally relevant aspects in the healthy eating
domain. They proposed culturally-relevant design approaches for tailoring persuasive
technology interventions to collectivists and individualistic cultures. The results of a
large-scale study revealed some differences between various cultural groups and sub-
groups. Based on that, the authors proposed two approaches for designing culturally-
relevant persuasive applications.
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Despite the existence of prior work on culturally-relevant persuasive strategies, it is
not a straightforward process to adopt strategies from one domain to another; Strategies
that worked in one domain (e.g., smoking cessation) might not be directly transferable
to another domain (e.g., physical activity intervention design) [55]. This is because each
domain has special characteristics that make it different. For instance, eating is a daily
behaviour that is necessary for everybody. On the other hand, physical activity, although
itis as important as healthy eating, it is not necessarily a daily activity. Also, being physi-
cally active may require special types of equipment, time, and effort. This makes it more
challenging to design persuasive interventions for promoting physical activity. There-
fore, there is a need for more work to investigate various persuasive determinants in the
physical activity domain with the aim of developing culturally-relevant PT interventions.

2.3 HBM and Theory-Driven Behaviour Change Systems

This section introduces the HBM and its determinants. Then it shows a number of
empirical studies that applied the HBM in the design of the health interventions, and
it discusses the effectiveness of the interventions at achieving the intended behaviour
change objectives.

The Health Belief Model (HBM) was developed to explain why some people take
actions aimed at preventing diseases or activities that can lead to health issues while
others care less. It suggests that there are six determinants that influence people’s health
behaviours: Perceived susceptibility, Perceived severity, Perceived Benefit, Perceived
Barrier, Cue to Action, and Self-efficacy. These determinants provide a framework for
designing behaviour change interventions. The HBM is most suitable for addressing
problem behaviours that have health consequences such as physical inactivity because
it concentrates on health motivators [59].

Based on a literature review, we extended the HBM determinants by including the
social influence as a seventh determinant because the literature recognized it as an impor-
tant factor affecting physical activity behaviour [18, 52,73, 74]. Social influence indicates
the effect that other people have on us, and it occurs when an individual’s behaviour or
attitude is affected by others. Most of our behaviours can be shaped by the power of social
influence” [58]. We included social influence for several reasons; first, while several stud-
ies have shown the major role that others play in motivating physical activity behaviour,
the effects of HBM determinants and social influence together and their cultural-related
impact are still unclear. Second, research has shown that the HBM can be extended and
adapted to increase its predictive power and suit various health behavioural contexts
(e.g., see Orji et al., [59]). Finally, social influence is found as an essential determinant
of physical activity behaviour [58].

The HBM has been successfully applied in the design of many persuasive interven-
tions for physical activity [32, 38, 49]. Some researchers focus on designing interventions
for the physical activity of a particular group of people. For instance, Hoseini et al. [35]
investigated the effect of an intervention based on the Health Belief Model on the phys-
ical activity of females at risk for hypertension. The intervention plan was comprised of
three education sessions that were conducted in four weeks. To evaluate the effectiveness
of the interventions, the authors evaluated the physical activity level of the participants
before and two months after the intervention. The results showed that physical activity
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levels increased significantly after deploying the intervention. A more recent study [8]
focused on HBM and physical activity in a collectivist culture. Saudi Arabia was con-
sidered as a use case sample. The study also investigated the moderating effect of age
and gender. The results demonstrated that Social influence, Cue to action and Perceived
severity are the strongest determinants of physical activity in Saudi adults.

In addition to the theoretical work on HBM and physical activity, research has led
to designing mobile applications that are based on the HBM determinants to promote
physical activity behaviour. For instance, Fish’n’Steps is a persuasive game designed
to promote physical activity by mapping the growth of a fish with the user step count
[52]. It employed some HBM determinants in its design. Particularly, the game adopted
the Perceived Benefit determinant as follows: if the total number of steps exceeded a
predefined target, the fish’s appearance improved to the next growth level. The user’s
success in achieving the daily step goal also affected the facial expression of the fish,
happy when the goal is reached, angry when the goal is partially reached, and sad if the
goal is not reached. These different facial expressions can be associated with perceived
susceptibility. Besides, the second version of the game adopted the Perceived Severity
as follows: a team of players can play the game such that each user has one fish in a
shared fish tank containing four fishes. The growth of each fish impacts the whole fish
tank. If any of the team members did not achieve the step goal, the tank’s coloration
was gradually removed, and the water got darker. The consequences of not achieving
the step goal of each member can be associated with perceived severity [52].

Time for Break [54] is another example of HBM-based apps. This app implements
Cue to Action through periodic notifications adjustable via personalized settings to allow
people to set up their preferred work and break duration. These notifications encourage
moving and standing.

Despite the existence of prior studies in the use of HBM determinants for physical
activity, the work in this domain is still limited in the sense that they do not investi-
gate the cultural differences; Most existing research focuses on the Western audience,
who are mostly individualist culture. Up to our knowledge, the literature lacks a study
that evaluates the cultural impact (individualist vs. collectivist) on the effectiveness of
persuasive interventions for physical activity based on the HBM determinants. Having
said that, this study investigates the possible cultural differences between individualism
and collectivism on how the determinants influence people’s physical activity behaviour.
This will inform the design of culturally-tailored persuasive interventions and increase
their suitability for the target group as well as their effectiveness at motivating physical
activity. Specifically, this study investigates if and how behaviour determinants can be
tailored in PT interventions targeting various cultures to effectively promote physical
activity among the target audience. We consider two different cultures, Individualist
(presented by a Canadian sample) and collectivist (presented by Saudi sample).

3 Method

In our study, we aimed to address the HBM determinants that can guide in designing
culturally relevant persuasive interventions for promoting physical activity. To uncover
the HBM determinants of physical activity among Saudi adults and Canadians and the
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moderating effect of age and gender, we adopted a quantitative research approach. We
designed an HBM based survey in which we considered the six determinants: Perceived
susceptibility, Perceived severity, Perceived benefit, Perceived barrier and Self-efficacy,
in addition to the Social influence factor. In this section, we briefly discussed the instru-
ments used to measure the HBM determinants, the data collection and the demographics
of our participants.

3.1 Measurement Instrument

Before conducting the study, we reviewed the HBM determinants, and their applica-
tion for promoting physical activity. Also, the study was approved by the University
Research Ethics Board. The survey involves questions about the seven determinants (six
determinants of HBM and Social Influence), in addition to participants’ demographics
and intention to be physically active. All the survey questions were measured using a 7-
point Likert scale ranging from 1 (Strongly disagree) to 7 (Strongly agree). The selected
question were adapted and validated by previous research [10, 32, 43, 49, 55, 59].

Before deploying the main study, we pilot-tested the survey on 15 participants for
refinement. To enable us to accommodate the Saudi audience, the survey was trans-
lated from English to Arabic by a native speaker who is fluent in both languages, and
the translation was validated by two other native speakers who are fluent in both lan-
guages. Therefore, the Arabic version of the survey was distributed to the Saudi audience
(collectivist audience), and the English version was shared with the Canadian audience
(individualist audience). Participants in this survey are 18 or over.

3.2 Participants Recruitment

The target population for the study is Canadian and Saudi adults. Our participants were
recruited via social media and through University email lists. In order to recruit public
participants, we posted announcements on social media groups (e.g., Twitter and Face-
book). Participation was voluntary, and no compensation was offered. Data were col-
lected (between December 2018 and February 2019). A total of 217 Canadian responses
were received, of which four were removed as they were incomplete. The total of Saudi
responses received was 225, of which eight were removed as they were incomplete.
Table 1 presents the participants’ demographic information.

Table 1. Summary of Participants’ Demography in the HBM Survey

Variables Canada Saudi Total
(N =213) (N =217) (N =430)
Gender Male 109 55 164
Female 102 162 264
Non-Binary 2 0 2
Age Group Younger Adults (18-35) 118 144 262
Older Adults (over 35) 95 73 168
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4 Data Analysis

The main objective of our study is to conduct a systematic comparison of Saudi and
Canadian audiences with respect to their determinant of physical activity. Specifically,
we examine the similarities and the differences between collectivists and individualist
audiences with respect to the determinants of physical activity and whether gender and
age moderate the influence of these determinants on their physical activity behaviour.

After applying the reliability and validity tests, the verified data from the extended
HBM survey is analyzed in two steps: First, we conducted a Confirmatory Factor Anal-
ysis (CFA) to test whether the survey data fit our hypothesized model (i.e., if the data
replicate the seven determinants in physical activity behaviour [20]. SmartPLS3! was
used to perform a component-based confirmatory factor analysis CFA for each data
group. Second, we established the relationship between the extended HBM determi-
nants and the physical activity behaviour using Partial Least Squares (PLS) Structural
Equation Modeling (SEM) [44]. To do that, we developed two models of physical activ-
ity determinants: one for each culture (Saudi, and Canadian audiences). In addition, we
developed eight models to investigate the impact of gender and age within and between
the cultural groups (4 for the Saudi and 4 for the Canadians). PLS-SEM is powerful
and it is recommended to analyze behavioural data, especially if the data includes many
variables to be observed [67]. Figure 1 shows the structural model.

Gender
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Fig. 1. PLS-SEM model structure

To explore the differences and similarities between individualists and collectivists in
their physical activity determinants, we developed ten different models and conducted
a multi-group comparison using the in-build SmartPLS feature for conducting multi-
group comparisons. Specifically, to test if differences exist between collectivists and
individualists, we separated data into two groups and built a model for each group. Then,
we examined the influences of the seven determinants on physical activity behaviour in
the two models.

Again, before comparing the collectivist and individualist models, we established
measurement invariance between Saudi and Canadian samples. The psychometric prop-
erties from our two groups show that they have the same structure; therefore, our data
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is suitable to conduct a multi-group comparison. Measurement invariance was assessed
using component-based CFA via SmartPLS 3 [34, 65].

Examining variations both within the same culture and between cultures plays a
significant role in the validity and generalizability of the findings. Failure to consider
variations within the same culture could lead to overgeneralization of the findings [30].
Therefore, acknowledging within-cultural variations is fundamental in cross-cultural
comparisons. In our study, we consider variations both within the same culture and
between cultures by examining the moderating effects of age and gender groups on
collectivists and individualists. The Saudi and Canadian samples were further separated
by gender and age. Hence, we developed eight additional models of physical activity
behaviour: four for the culture/age groups (individualist younger and older adults, and
collectivist younger and older adults) and four for the culture/gender groups (individualist
males and females, collectivist males and females). To create two distinct age groups,
we categorize participants into two age groups: Younger Adults (18-35) and older adults
category (> 35 years old), as depicted in Table 1.

4.1 Model Validity and Reliability

Before analyzing the data, we evaluate its suitability and reliability using several rec-
ommended measures and tools for model reliability and validity [9, 56]. We follow a
well-established approach that has been used by many researchers [56] in examining the
model’s reliability and validity.

1. Data Suitability: we used the Kaiser-Meyer-Olkin (KMO) sampling adequacies and
the Bartlett Test of Sphericity [40] to assess the suitability of the data. The results show
that KMO was (0.951), which is above the recommended value (0.6). The Bartlett
Test of Sphericity was statistically significant (x2(3003) = 43,427.379, p < 0.0001).
That demonstrates the suitability of our data for analysis [50].

2. Measurement Model: the validity, reliability, and consistency in the PLS-SEM model
were measured using the following criteria. First, for indicator reliability, we exam-
ined the indicators loadings of the models, and they were all above the recommended
value (0.7) [15]. Second, we assessed the internal consistency and reliability using
composite reliability (CR) and Cronbach’s alpha. All results were higher than their
threshold value of 0.7 [15, 29]. Third, the average variance extracted (AVE) [56] was
used to check data for convergent reliability, and all constructs have an AVE above
the recommended threshold of 0.5 [15].

3. Finally, we evaluated discriminant validity using the Heterotrait-Monotrait (HTMT)
ratio of correlations and found that HTMT was all below the recommended limit of
0.9 [15].

To summarize, the scale reliability and validity for Canadian and Saudi yielded
acceptable results for all indices for PLS-SEM model validity and reliability as presented
in Table 2 and Table 3.
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Table 2. Canadian scale validity/reliability
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Variables AVE Composite reliability Cronbach’s alpha
Threshold values >0.5 >0.7 >0.7
BAR 0.513 0.893 0.871
BEN 0.544 0.953 0.947
CUA 0.504 0.909 0.888
EFF 0.598 0.899 0.867
SEV 0.625 0.832 0.717
SUS 1.000 1.000 1.000
SI 0.625 0.869 0.625
BEH 0.555 0.833 0.733

BAR = perceived barrier, BEN = perceived benefit, CUA = cue to action, EFF = self-efficacy,
SEV = perceived severity, SUS = perceived susceptibility, SI = social influence, BEH = physical

activity behaviour.

Table 3. Saudi scale validity/reliability

Variables AVE Composite reliability Cronbach’s alpha
Threshold values >0.5 >0.7 >0.7
BAR 0.686 0.813 0.742
BEN 0.526 0.943 0.935
CUA 0.514 0.880 0.842
EFF 0.651 0.880 0.815
SEV 0.707 0.827 0.725
SUS 1.000 1.000 1.000
SI 0.649 0.880 0.823
BEH 0.549 0.827 0.719

BAR = perceived barrier, BEN = perceived benefit, CUA = cue to action, EFF = self-efficacy,
SEV = perceived severity, SUS = perceived susceptibility, SI = social influence, BEH = physical

activity behaviour

5 Result

The results from our models reveal some interesting similarities and differences between

participants based on their cultures, gender, and age group with respect to the influence of
the six HBM determinants and social influence (SI) on their physical activity behaviour

as shown in Tables 4, 5, and 6. In this section, we summarize and compare the results
for various groups as well as explain the results.
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5.1 General Model — Saudi Arabians vs. Canadians

The results in Table 4 shows that social influence, cue to action, and severity emerged as
significant motivators of physical activity among the Saudi audience. Perceived barrier is
the only determinant that influences physical activity behaviour negatively for the Saudi
audience. On the other hand, for Canadians, cue to action, self-efficacy, social influence,
and perceived benefit significantly influenced physical activity behaviour, while barrier
does not have a significant effect on Canadians.

By comparing the results for both groups, we notice that social influence emerged
as the strongest determinant for Saudi physical activity behaviour. However, the same
determinant is the third-strongest determinant for Canadians. Possible interpretations
of these results can be obtained from the characteristics of collectivist and individualist
culture according to Hofstede [76].

Individualist cultures promote individual identity and encourage the achievement of
individual objectives, whereas in collectivist cultures such as Saudi Arabia, the focus
is on group identities, and individuals are encouraged to cooperate to achieve group
objectives [25]. That explains why social influence is the strongest factor for motivating
the Saudi audience. Perceived benefit emerged as a significant determinant for Canadians
but not for the Saudi audience. A possible explanation is that the benefit of physical
activity and risk (susceptibility) of inactivity are usually operationalized in persuasive
applications as benefits and risks to individuals. These may not motivate people from the
collectivist culture who care more about the effect on their in-group — community, family,
and significant others. Similarly, self-efficacy emerged as a significant determinant for
Canadians but not for the Saudi audience.

Table 4. Standardized path coefficients and Significance of the models for individualist and col-
lectivist cultures. The numbers represent coefficients that are significant at least at p < .05, and
‘~’ represents non-significant coefficients

BAR BEN CUA EFF SEV SuUS SI
Saudi Arabia -.26 - .15 - 11 - 24
Canada - 12 .35 22 13 - 18

BAR = perceived barrier, BEN = perceived benefit, CUA = cue to action, EFF = self-efficacy,
SEV = perceived severity, SUS = perceived susceptibility, SI = social influence.

The non-significant effect of self-efficacy on physical activity behaviour also speaks
to the characteristics of the collectivists. They may not be motivated to engage in physical
activity if their in-group are doing otherwise, even if they believe they can do it as
individuals. This is supported by the emergence of social influence as the strongest
determinant of physical activity among Saudi audiences. This means Saudi’s are more
likely to be influenced by others to engage in physical activity. They are more likely to
be physically active if their in-group are physically active [8].
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5.2 Moderating Effect of Gender and Age

In this section, we present and compare the results of the moderating effect of gender
and age within and between the cultural groups.

Saudi Males and Females. As shown in Table 5, Saudi males and females share
some significant similarities and differences with respect to how the seven determinants
influence their physical activity behaviour. Self-efficacy, cue to action, and severity (in
decreasing order) are the significant motivators of physical activity for the Saudi female
group. For Saudi males, cue to action, social influence and susceptibility emerged as the
strongest motivators of physical activity. On the other hand, barriers and susceptibility
negatively influence physical activity behaviour for Saudi females, while Saudi males are
negatively associated with perceived barriers only. Benefit and social influence are not
significantly related to Saudi females, whereas benefit and severity are non-significant
motivators for the Saudi male. Association with perceived severity and social influence
emerged as the main differentiators of Saudi males and females.

Canadian Males and Females. Canadian males and females share some significant
similarities and differences in the effect of the determinants on their physical activity.
The determinants cue to action and social influence significantly influence behaviour
for Canadian males and females (although at different degrees). Cue to action emerged
as the strongest determinant for Canadian males, while social influence is the strongest
determinant for Canadian females. Barriers impact physical activity behaviour nega-
tively for Canadian males and females, whereas self-efficacy and susceptibility are not
significant for both groups. Perceived Benefit is positively associated with physical activ-
ity behaviour for Canadian males, whereas it is not significant for Canadian females.
Perceived benefit and severity emerged as the main differentiator of Canadian males
from females.

Table 5. Standardized path coefficients and significance of the models for males and females
within the individualist and collectivist cultures. The numbers represent coefficients that are
significant at least at p < .05, and ‘-’ represents non-significant coefficient.

SI SUS SEV BAR BEN CUA EFF
Saudi Females - —.12 25 32 .26 - -.25
Saudi Males 25 13 - A1 37 - -.23
Canadian Females .26 - 13 - .10 - —.26
Canadian Males 15 - - - 21 15 -.33

BAR = perceived barrier, BEN = perceived benefit, CUA = cue to action, EFF = self-efficacy,
SEV = perceived severity, SUS = perceived susceptibility, SI = social influence.

Saudi Younger and Older Adults. As shown in Table 6, the results for younger and
older Saudi adults show some interesting similarities and differences. Social influence
and cue to action positively influence both younger and older Saudis’ physical activity
while the perceived benefit is not significant in both age groups. However, perceived
barrier is perceived negatively in both younger and older Saudi adults. Younger and
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older Saudi adults differ in their perception of self-efficacy, severity, and susceptibility.
Older Saudi adults perceive susceptibility as positive, while the same determinant is
not significant for younger Saudis. Self-efficacy is not significant for younger Saudi
adults, whereas it negatively affects behaviour for older Saudi adults. Finally, severity
is positively associated with younger Saudi adults, whereas it is not significant for older
Saudi adults.

Table 6. Standardized path coefficients and significance of the models for younger and older
adults within the individualist and collectivist cultures. The numbers represent coefficients that
are significant at least at p < .05, and ‘-’ represents non-significant

BAR BEN CUA EFF SEV SuUS SI
Saudi Younger Adults -.33 - 15 - .19 - .16
Saudi Older Adults —.40 - 12 —.16 - 13 .50
Canadian Younger Adults -.32 .26 .28 - - - -
Canadian Older Adults —.12 - 41 23 32 —.13 17

BAR = perceived barrier, BEN = perceived benefit, CUA = cue to action, EFF = self-efficacy,
SEV = perceived severity, SUS = perceived susceptibility, SI = social influence.

Canadian Younger and Older Adults. Similar to the Saudi model, the results for
younger and older Canadian adults show some interesting similarities and differences
as well. Both younger and older Canadian adults perceive cue to action as the strongest
determinant of physical activity, whereas barrier discourages both groups from being
physically active. On the other hand, younger and older Canadian adults differ in their
perception of benefit, social influence, susceptibility, severity, and self-efficacy. Older
Canadian adults perceive social influence, severity, and self-efficacy as positive, while
these determinants are not significantly associated with physical activity behaviour for
younger Canadian adults. In contrast, older Canadian adults perceive susceptibility as
negative, while susceptibility is not significant in motivating physical activity behaviour
for younger Canadian adults. Finally, benefit positively motivates younger Canadian
adults and is not significant for Canadian older adults.

6 Discussion

This section discusses the results presented in the previous section and provides
interpretations of the findings, in addition to design recommendations.

e Perceived Susceptibility: Considering the result of perceived susceptibility presented
in Table 4, both Saudi and Canadian participants do not care about the risk of being
physically inactive as the models show that the relationship between perceived sus-
ceptibility and the likelihood of physical activity is not significant. This is probably
because, in the collectivist culture, family and other in-group members are expected to
bear the possible negative consequences of risky behaviours [16]. For instance, if the
person gets a physical inactivity-related disease, relatives easily take care of their sick
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ones. Therefore, collectivists act as a cushion against potential losses at an individual
level. Thus, perceived susceptibility does not significantly impact the behaviour of
people from collectivist cultures (e.g., Saudi Arabia) since it is often operationalized
as arisk to an individual (rather than to a group) in intervention designs. Consequently,
persuasive interventions that portray potential risks of not performing physical activ-
ity in terms of risk to oneself are not likely to motivate physical activity among Saudi
adults (specifically the female and younger adult groups).

Saudi females perceive susceptibility negatively, which implies that employing sus-
ceptibility may demotivate them to perform physical activity. This is probably because,
in Saudi, females are expected to live their lives with others who take care of them, such
as their parents and spouses. Hence, they may have a wrong evaluation of the possible
risk of physical inactivity to themselves and may view it as unrealistic. Our results also
suggest that younger adults are careless about the risk associated with physical inactiv-
ity. This observation is in line with previous research, which found that young adults
are more likely to care more about superficial benefits such as improvement in phys-
ical appearance rather than the possible associated risk of unhealthy behaviour (e.g.,
diseases) [35, 36].

Moreover, research has shown that cultural backgrounds can affect the person’s
perceptions about a disease, including its causes, symptoms, and treatment, and health,
which reflects on the person’s health beliefs [53, 56, 62]. These cultural differences can
explain the variance in our results between Canadian and Saudi groups with respect to
how the perceived susceptibility affects their physical activity behaviour.

Based on the results, we suggest that for people from the collectivist culture, per-
suasive strategies such as self-monitoring, loss-framed appeal, and simulation could
be employed and operationalized in a way to show the risk associated with physical
inactivity to an individual’s family and other in-group members [8].

e Perceived Severity is known as “the seriousness of the consequences of developing
a health condition"[56]. The results of perceived severity vary among the different
groups. It is positively associated with Canadians and Saudis in general, including
both Canadian and Saudi females, Saudi younger adults, and Canadian older adults.
This implies that these groups may be motivated to be physically active by inter-
ventions that allow them to visualize the seriousness of the consequences of being
physically inactive [42]. On the other hand, perceived severity is not significant for
Saudi older adults, Canadian younger adults, and both Canadian and Saudi males.
This implies that not only cultural backgrounds can affect the person’s perceptions
about diseases and the causes and cures, but also age and gender. This implies that
individuals who associate the causes and cures for disease to external factors (such
as religious beliefs or genetic makeup) will have adverse beliefs of the relationship
between diseases and physical inactivity. Our results show that Saudi older adults,
Canadian younger adults, and both Canadian and Saudi males belong to such a group.
Therefore, they underrate the consequences of physical inactivity-related diseases
such as losing work and money due to sickness-related issues [55]. Based on these
results, we suggest tailoring persuasive applications that apply severity to motivate
physical activity based on a person’s perception of threat. For people from the collec-
tivist culture, specifically older adults and males, the severity could be operationalized
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to show the seriousness of the consequences of physical inactivity with respect to the
effect on an individual’s family and other in-group members. For example, show-
ing the seriousness of how getting a disease as a result of physical inactivity would
affect the entire family’s happiness, peace, and usual daily programs is more likely to
motivate them to be physically active. Accordingly, persuasive strategies, such as sim-
ulation, can be employed to show the cause-and-effect linkage of physical inactivity
to getting certain diseases and how that affects the group’s happiness and peace.
Perceived Barrier is significantly negatively associated with most groups, including
the Saudi general model, both Canadian and Saudi females and males, and both
Canadian and Saudi younger and older adults. For behaviour change to occur, per-
ceived benefits must outweigh the perceived barriers [39]. This can explain why the
perceived barrier is non-significant in the general Canadian audience, while they
are significantly motivated by perceived benefits. Also, individualists (Canadians)
consider self-benefit and personal achievement more than difficulties and the cost
associated with performing the behaviours (barriers) compared to the collectivists
(Saudis) [55]. For Saudis, our results show that among the HBM determinants, the
perceived barrier is the strongest determinant that is negatively associated with phys-
ical activity in the general model. Perceived barrier show stronger relation with Saudi
females than males. These results are in line with previous research [6, 8, 27]. The
higher relationship with perceived barriers in Saudi females could be linked mainly to
social and cultural factors, as Saudi females usually have limited opportunities com-
pared to Saudi males to engage in outdoor activities.For instance, females are required
adherence to appropriate forms of dressing and conduct code and may not be allowed
to go to certain places or do certain things. They are more restricted than males [7,
70]. For example, Saudi females are not expected to engage in certain activities such
as swimming in public pools. Besides, there are fewer and more expensive available
female gyms compared to those for Saudi males [5]. Therefore, persuasive applica-
tion designers aiming to motivate physical activity in Saudis should be aware of the
inhibiting influence of perceived barrier in their design. Persuasive apps can focus
on suggesting strategies and skills to overcome the barriers, such as recommending
indoor activities that do not require going to the gym, recommending nearby gender-
appropriate gyms, and recommending culturally and religiously acceptable exercise
routines to avoid being stereotyped.

Perceived Benefit significantly motivates Canadians in general, Canadian males, and
Canadian younger adults, whereas it is not significant for Canadian older adults and
all of the Saudi groups. This implies that individualists (Canadians) are more moti-
vated to perform physical activities because of the benefit associated with physical
activity [55]. Hence, an application that helps Canadians to see the benefit associated
with physical activity is more likely to motivate them. Canadians are more likely to
perform the behaviour if the benefits outweigh the barriers. A possible explanation
for Saudi results is that Saudis view the benefits associated with performing physical
activity as a shared benefit. That is, the benefit of physical activity should be reflected
in terms of how it affects their community or the group they are associated with rather
than personal benefit. Unfortunately, most of the benefits as operationalized in HBM
are focused on personal benefits (benefits to self), not group or community-related
benefits of performing physical activity. This is in line with previous research, which
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concluded that most existing theories and models are designed to be more appropri-
ate for people from Western cultures [8, 55, 57]. Thus, physical activity intervention
designers may employ strategies that emphasize the group/community-related bene-
fits of physical activity for Saudi groups. By surveying the literature, we found that
Rewards and Gain-framed appeal strategies are among the most common implemen-
tations of perceived benefits. Thus, PT could employ the reward and gain-framed
appeal persuasive strategies to show the benefit of physical activity not only to an
individual’s health but reflect the happiness, peace, and stability that good health
could bring to the entire family or community.

Cue to Action “can be thought of as any event or stimuli that trigger the performance of
a target behaviour” [55]. Cue to action emerged to be the only factor that is significant
among all Canadian and Saudi groups. This highlights the importance of implement-
ing various cue to action-orientated strategies such as reminders, prompts, and alerts
in physical activity promotion interventions targeting the Canadian or Saudi popula-
tion to promote desired behaviours. People may know the benefit of the behaviour but
may still need some nudge to take action towards performing the desired behaviours.
Thus, based on the literature, persuasive strategies such as reminders and suggestion
would work well in this context [8].

Self-efficacy can be described as “confidence in one’s ability to perform the new
health behaviour” [60]. Self-efficacy is positively associated with the Canadian gen-
eral group, Canadian older adults, and Saudi females and males. The significant
association with self-efficacy implies that these groups are more likely to perform
the physical activity if the intervention is implemented to boost their self-efficacy
with respect to promoting their ability to be physically active. Therefore, persuasive
designers should employ strategies such as incremental goal setting, feedback, praise
and recognition to build self-efficacy [8, 55]. On the other hand, self-efficacy is nega-
tively associated with Saudi older adults. This negative association can be due to the
negative believes of this group in their ability, which, in turn, is due to the lack of
experience of exercising in the past that has created self-doubt.

Social Influence refers to the influence that other people have on us and our behaviours.
The results show that social influence is significant for most of the groups. It’s sig-
nificantly positively associated with Saudi and Canadian general audience, Saudi
males, Saudi younger and older adults, Canadian males and females, and Canadian
older adults. Although these groups are positively associated with social influence,
they vary in the magnitude of the social influence impact. Most Saudi groups are
more strongly associated with social influence than the Canadian audience. An inter-
pretation can be derived from the characteristics of collectivists. For instance, most
collectivists’ behaviours are regulated by group norms and community expectations.
Therefore, they are more affected by social influence. Surprisingly, the results indicate
that social influence is not significant for Saudi female and Canadian younger adult
groups. This contrasts with the results of a previous study that found that females are
more motivated by social influence than males [14]. A possible explanation for Saudi
females is that many of them believe that physical activity is not for them [5]. Persua-
sive intervention designers should apply strategies that promote social influence such
as cooperation, social comparison, social facilitation, and social learning to promote
physical activity in all the considered groups except for Saudi females and Canadian
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younger adults. To design for Saudi females, persuasive intervention designers should
focus on strategies that build their confidence in their ability since self-efficacy is the
strongest determinant for them. Thus, strategies such as incremental goal setting,
feedback, praise and recognition could be employed to build self-efficacy.

6.1 Using Our Results to One-Size-Fits-All and Personalized Physical Activity
App Design

This section presents our recommendations for designers of persuasive technologies for
promoting physical activities. Based on our findings, we suggest design tips for both
one-size-fits-all and personalized approaches.

e One-Size-Fits-All Approach: Many PT designers adopt a one-size-fits-all approach.
Recent research found that theory-driven design has a better chance to succeed. There-
fore, even a one-size-fits-all approach should be based on theory and experimental
results. This section provides general recommendations for PT designers who follow
a one-size-fits-all approach.

As shown in Table 7, the Perceived barrier is the only determinant that is not perceived
as positive by any group; in fact, it significantly influences physical activity negatively
for all the groups except the Canadian general group. Therefore, PT designers should
avoid strategies that emphasize barriers; instead, they should focus on using various
strategies, such as suggestions and reminders to overcome the various barriers associated
with physical activity when designing for Saudi and Canadian audiences, irrespective
of their age or gender.

On the other hand, Cue to action is perceived as positive by all participants, irrespec-
tive of their group. Therefore, persuasive interventions targeted at Saudis and Canadians
should employ strategies that emphasize cue to action, such as reminders and sugges-
tions irrespective of the group. In addition, social influence is positively associated with
the majority of the considered groups, and it is not negatively associated with any group.
Thus, we recommend designers employ the Social influence strategies such as cooper-
ation, social comparison, social facilitation, and social learning to promote physical
activities in the collectivist and individualist’ groups.

e Personalization Approach: Although one-size-fits-all approaches show success,
to some extent, researchers have found that personalizing persuasive interventions
enhances their effectiveness. Therefore, this section provides recommendations for
tailoring PT interventions to a particular subgroup (e.g., collectivist females and
collectivist young people). Table 7 summarizes our results. It shows the associ-
ation between each group and the seven determinants. Based on our results, we
present the following design recommendations for tailoring persuasive interventions
for promoting physical activity.

As Table 7 shows, the Perceived benefit is positively associated with the general
Canadian group. So, we recommend using persuasive strategies such as Rewards and
Gain-framed appeal to motivate Canadian users in general. These strategies, however,
are more effective with Canadian males and younger adults. So, if the designer to provide
more fine-grained design, we recommend emphasizing benefits to motivate Canadian
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males and younger adults. On the other hand, our results did not show any association
between benefits and Saudi groups. So, we do not recommend using it for any Saudi
group.

Our results also show a positive association between Self-efficacy and the general
Canadian group, but it has no significant association with particular Canadian groups
(Male/Female, younger/older adults). On the other hand, Self-efficacy is positively asso-
ciated with both Saudi males and females groups and negatively with Saudi older adults.
It is not significantly associated with the general Saudi group, however. Accordingly,
persuasive technologies that are designed for the general individualist culture, regard-
less of the gender and age strategies, as well as males and female groups of collectivist
cultures, should boost the person’s ability to perform physical activity. Particularly, per-
suasive strategies, such as Incremental Goal Setting, Feedback, and Recognition, are
good choices to motivate the aforementioned groups to engage in physical activity.

Table 7. Summary of appropriate determinants for motivating physical activity among various
cultural groups. ‘,/° represent strategies that can be used for each group, ‘X’ represent strategies
that should be avoided, CA: Canada, SA: Saudi

Cultural Groups BAR BEN CUA EFF SEV SuUS SI
SA General X v v Vv
CA General Vv v N Vv N
SA Females X Vv Vv 4 X

SA Males X J Vv N N
CA Females X v i J
CA Males X i Vv Vv
SA Young Adults X v 4 N
SA Older Adults X N X N Vv
CA Young Adults X v v

CA Older Adults X v v X N

Among all the determinants, severity has the second strongest positive appeal to
Canadian older adults; however, it’s not significant for Canadian younger adults. Simi-
larly, severity strongly appeals to Saudi females but not Saudi males. Therefore, PTs tar-
geted at individualist older adults, Collectivist younger adults, or females (collectivist or
individualist) should emphasize the consequences of being physically inactive. Accord-
ing to the literature, Punishment, Negative Reinforcement, and Simulation are examples
of persuasive strategies that help emphasize the seriousness of the consequences of
physical inactivity.

Perceived susceptibility emerged as the second least significant determinant. It is
positively associated with two groups only, Saudi males and older adults. So, we suggest
employing it, along with other determinants (e.g., Cue to action and Social Influence),
to improve the effectiveness of the intervention. Based on that, persuasive interventions
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targeted individualists males, and older adults should emphasize the risks associated with
being physically inactive. To do so, designers can use strategies, such as Self-monitoring,
loss-farmed appeal, and Simulation.

6.2 Mapping the Determinants to Persuasive Strategies

In this section, we map the extended HBM determinants of physical activity for Saudi and
Canadian adults to the appropriate persuasive strategies. In order to make our findings and
recommendations actionable for persuasive interventions, we mapped every determinant
to a set of persuasive strategies. The mapping was done based on an extensive literature
review, opinions of seven experts in the area of HCI, Persuasive Computing, and health,
while taking into consideration the main characteristic of collectivist and individualist
cultures into account [55]. Specifically, we reviewed the literature and identified various
approaches to implement each determinant. Then, and to ensure accuracy, we had two
focus group sessions with seven researchers and experts in in the domains of HCI,
persuasive computing, and health. The experts discussed and agreed on the final mapping.
For example, Social influence (SI) is mapped to the cooperation, social facilitation, social
learning, and comparison strategies. Table 8 shows the inferred mapping.

Table 8. Summary of the sample mapping of determinants to persuasive strategies

Perceived Perceived Cue to Self-efficacy | Perceived Perceived Social influence
barrier benefit Action severity susceptibility
Suggestion | Reward, and | Reminder, Incremental Punishment, Self-mentoring, | Cooperation,
Gain-framed | And goal setting, negative Loss-farmed Social
appeal Suggestion | Feedback, reinforcement, appeal, and facilitation,
Praise, and Vicarious Simulation Social learning,
Recognition reinforcement, and Comparison
and Simulation

We mapped cue to action (CUA) to the reminder and suggestion strategies, as sug-
gested by previous research [59]. Perceived severity (SEV) determinant is mapped to
punishment, negative reinforcement, vicarious reinforcement, and simulation strategy.
These four strategies show the seriousness of the consequences of inactivity [56, 77]. We
mapped Perceived barrier (BAR) to suggestion strategy because suggestion helps over-
come the barriers by recommending feasible solutions, such as recommending indoor
activities that may appeal to one and nearby gender-appropriate gyms. Perceived ben-
efit (BEN) is mapped to reward and gain-framed appeal persuasive strategies with an
emphasis on the group/community-related benefits of physical activity. Perceived sus-
ceptibility (SUS) is mapped to self-mentoring, loss-framed appeal and simulation that
could be operationalized in a way to show the risk associated with physical inactivity to
an individual’s family and other in-group members. Lastly, self-efficacy (EFF) is mapped
to feedback, incremental goal setting, recognition, and praise.
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6.3 Limitations and Future Work

The Health Belief Model employed in this work has been widely employed in many
health behaviours areas. Our results could be applied in other health domains. However,
they should be applied with caution as they may not generalize. We also acknowledge the
gender imbalance in our Saudi participant sample, which may limit the generalizability
of our findings. As part of our future work, we will apply the guidelines we describe above
to design and evaluate a persuasive intervention tailored to motivate physical activity
among people from collectivist cultures. We will also investigate the generalizability of
our model across other domains.

7 Conclusion

Over the past decades, many PT applications have been developed to promote physical
activity behaviour by manipulating various health determinants and PT strategies. How-
ever, these applications are usually developed and evaluated in individualistic countries.
As aresult, there is a lack of evidence on how to make PT appropriate for collectivists.
In this paper, we presented an extended HBM model to investigate and compare the
determinants of physical activity among Saudi and Canadian adults as a case study
and representative of collectivist and individualist cultures, respectively. Our models
revealed some differences between various cultural groups and sub-groups, and we dis-
cussed these differences from the perspective of physical activity promotion and PT
intervention design. We also measured the moderating effect of age and gender on Saudi
and Canadian audiences and discussed their implications for designing the persuasive
intervention. Then we presented design opportunities for both a one-size-fits- all and
a personalized approach to PT intervention design. Finally, we map the determinants
of physical activity to their corresponding persuasive strategies that can be used in
operationalizing them in persuasive applications for promoting physical activity.
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Abstract. The sense of touch has been regarded as the most initial feeling among
human’s five senses. Mainly relying on corporeal contact, it could process the
touch data, transport the sensation information, and create haptic affection. Mean-
while, materials studies have become one of the most critical issues in craft and
product design. The material is the soul of craft, and each material brings its unique
character. Nevertheless, the material employment of craft objects also reflects its
context and extensions of regional culture. Residents from regions with varied cul-
tural contexts might use divergent adjective terms to describe their awareness and
sense of touching material. This study aims to analyze the emotional feeling and
semantics expression from the material experience and assist educators and design-
ers reasonably in realizing and extracting these haptic elements during the product
design process. This case study consults with 6 experts and recruits 10 designers
to participate in this practical project. The result shows that people with various
backgrounds reveal their diverse preferences and pleasures in the material expe-
rience and expression. Specifically, the authors address that employing the haptic
semantic could connect and enrich the material experience, cultural elements, and
design presentation. This study proposes a new prospection for product design
by enhancing the connection between material experience and haptic semantics.
The authors suggest that subsequent research may focus on exploiting the haptic
semantics with the cultural context and relevant application of Al-co-creation for
design innovation.

Keywords: Material Experience (MX) - Tactile Prompting - Haptic Driven
Design (HDD) - Al-co-Creation - Process Innovation - Product Innovation

1 Introduction

At the onset of the 21st century, the narrative of an emerging global aesthetic economy
signaled a pivot towards a renewed emphasis on haptic engagement. Product designers
were thus prompted to focus on the role of tactile sensation and its influence on user expe-
rience [1-3]. Since 2019, however, the emergence of pandemic-induced social restric-
tions has necessitated a shift towards increased reliance on digital interfaces, resulting
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in a concomitant reduction in the diversity of physical material interactions [2, 3]. This
transition has not only altered sensory engagement but also raised questions about the
future of corporeal sensation and tactile consciousness, igniting the researchers’ interest
in exploring uncharted territories of haptic cognition in this altered landscape.

Sensory-derived aesthetic experiences act as a vital channel connecting somatic sen-
sations and self-perception to cognitive recognition [2]. The medium of tangible materi-
als plays a crucial role, engaging individuals through direct tactile interaction, potentially
culminating in a profound sense of qualia [2]. Beyond their physical properties, materials
possess a more profound, almost spiritual resonance and can evoke extensive semantic
networks through the interplay of physical sensations and perceptual awareness [2, 4].
Designers, therefore, must possess a profound comprehension of material experience
nuances and haptic cognitive processes to enhance the intricate interrelation between
materials and the human sensorium.

This study aims to analyze the emotional feeling and semantics expression from
the material experience and assist educators and designers reasonably in realizing and
extracting these haptic elements during the product design process. Moreover, the authors
further try to implement the constructs of material experience (MX) and haptic semantics
(HS) integrated into a haptic-driven design (HDD) framework, identifying the essential
components for design innovation.

2 Literature Review

2.1 Material Experience

Over the years, the discussion around the “Material Experience” framework has been a
focal point for scholars and designers, leading to the evolution of numerous strategies
aimed at augmenting the design process with innovative material considerations [5—
7]. Despite the product industry’s primary focus on functionality for market success, a
cohort of researchers advocates for a broader evaluation of materials, suggesting that they
should also be appraised for their capacity to engender profound user experiences [6, 8,
9]. Within this spectrum of investigation, material-driven design (MDD) has emerged as
a critical methodology, distinguished by its cohesive framework. In 2015, building upon
this research, Karana and colleagues put forth the MDD approach as a means to foster the
creation of innovative design processes and the conception of novel product materials
that offer viable alternatives to conventional choices, such as sustainable materials, bio-
based innovations, and intelligent materials [10]. The goal was to harness the potential
of the MDD approach to empower designers to deeply engage with and reflect on their
design practices, thereby cultivating a quest for meaningful material experiences. Karana
et al. proposed four steps of the MDD method: (1) Understanding the material and
extracting the technical experiential characterization, (2) Creating the vision of material
experience, (3) Manifesting materials experience and matching patterns, (4) Designing
product concept from material experience [10].
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In the elaboration of material experience, Karana and colleagues delineated its
composition through four distinct yet interconnected dimensions: the sensorial, which
encompasses the aesthetic facet of experience; the interpretative, referring to the imbu-
ing of materials with symbolic meanings; the affective, which involves the emotional
resonances elicited by material interaction; and the performative, highlighting the active
engagement and utility of materials in human experiences [8, 10, 11]. Specifically, at the
sensorial level, individuals discern materials through tactile qualities such as hardness,
texture, and temperature. Materials embody attributes like wit, allure, or generosity at the
interpretative dimension, thus ascribing personality to the inanimate. Emotionally, the
affective dimension acknowledges that materials can provoke a spectrum of responses,
from joy to anger to surprise. Lastly, the performative aspect underscores the necessity
of recognizing materials’ functional roles in fostering a holistic grasp of their utiliza-
tion and significance in haptic cognition [1]. This study, therefore, integrates these four
dimensions as fundamental to advancing our understanding of haptic cognition through
the lens of material experience.

2.2 Haptic Cognition Model

Individuals experience sensations in response to external stimuli, a phenomenon exten-
sively examined in studies focusing on human sensory perception and its underlying
mechanisms [12]. This exploration not only elucidates the framework of the sensory
system but also delves into how such stimuli trigger profound perceptions and cognitive
processes [12]. Scholarly discourse since the 1980s has underscored the simultaneous
occurrence of user engagement and experiential sensations during direct interactions
with objects [13—16]. Based on the previous studies [1, 8, 10, 11, 17-22], this study
explores the Haptic Cognition Model (HCM) [1], as shown in Fig. 1, within the realm
of design theory and practice. Central to our investigation is the dynamic interaction
between designers’ conceptualizations and users’ cognitive processes, mediated by hap-
tic experiences. The HCM model elucidates two interrelated models guiding this com-
munication process, facilitating the transition from material experience (MX) to prod-
uct design through haptic semantics (HS). Material experience encompasses sensorial,
interpretative, affective, and performative dimensions, while haptic semantics serves as
the intermediary language for translating these experiences into tangible design ele-
ments. Through a qualitative methodology incorporating theoretical insights and empir-
ical observations, our study unveils the nuances of the encoding and decoding processes
within the HCM framework. Designers traverse three hierarchical levels—visceral (tech-
nical stratum), behavioral (semantic stratum), and reflective (effective stratum)—during
encoding. In contrast, users engage in a decoding process, interpreting haptic stimuli
across material sensation (aesthetic experience), semantic cognition (meaningful expe-
rience), and predicted effect (emotional, active experience). Integrating haptic seman-
tics augments users’ cognitive engagement, fostering deeper interactions with designed
products. This research underscores the transformative potential of haptic interactions
in enriching design practices and enhancing user experiences, paving the way for future
investigations into embodied cognition’s cultural and contextual dimensions in design.
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Fig. 1. Haptic Cognition Model (HCM) [1].

2.3 Tactile Prompting and AI-co-Creation

Individuals apprehend the external environment through their bodily senses and artic-
ulate their emotions or ideas through verbal language or lexical constructs. Language
serves as a potent tool enabling humans to imbue significance into their experiences
[1]. Contextual descriptions not only reflect our comprehension of the world around
us but also represent a mechanism for cultural evolution. As highlighted by Lakoff &
Wehling, the meanings embedded within words and sentences transcend mere visual
perception [23]. Moreover, this study champions the utilization of haptic semantics as
a catalyst for enhancing designers’ comprehension and reinterpretation of materials by
tactile prompting generated from the material experience.

Artificial Intelligence Generated Content (AIGC) currently finds widespread appli-
cations spanning various sectors, including media, education, entertainment, marketing,
and scientific research [24]. This underscores the technology’s capacity to offer users
efficient, streamlined, and tailored content services [25]. Al functions as a collaborative
ally, fostering a symbiotic partnership with designers and methodically guiding their
innovative ideation [26-28]. A prime example is the case of Midjourney, where this
tool has achieved significant advancements in the fundamental components of Al co-
design and has seamlessly integrated into the design innovation process [24]. Nonethe-
less, Al-co-creation fosters interdisciplinary collaboration and communication, com-
pensating for deficiencies in sketching abilities while concurrently reducing design time
[24]. Research demonstrates that this technology enhances the precision and diversity
of design solutions. Nevertheless, Al-co-creation fosters interdisciplinary collaboration
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and communication, bridging skill gaps in sketching and significantly reducing design
timelines [24]. Prior studies demonstrate that this technology elevates the precision and
diversity of design outcomes [29].

3 Method and Material

3.1 Research Method: HDD

Based on the preceding study of the Material Driven Design (MDD) and Haptic Cog-
nition Model (HCM) [1, 8, 10, 11, 17-22], the authors further propose and conduct the
process innovation in product design via the principles of Haptic Driven Design (HDD),
as shown in Fig. 2. The HDD comprises six steps: (a) Choose and manifest the target
material to create the personal experience. (b) Reflect and document the material expe-
rience via haptic vocabulary with sensorial, interpretative, affective, and performative
expressions. (c) Employ tactile prompting with Al-co-creation in product design. (d)
Conduct the design project and accomplish the qualia product. (e) Evaluate the correla-
tion and affection between haptic semantics and design innovation. (f) Develop further
Material Experience (MX) and explore the advanced HDD application.

Documenting Employing
Haptic Expression Tactile Prompting
Sensorial / Interpretive Al-co-Creation

Affective / Performative

Creating Designing
Material Experience HDD Qualia Product

Choose & Manifest . . 5 Conduct & Accomplish
Conduct & Accomplish
Target Material Haptic Driven Design ‘

Developing Evaluating
Further MX Haptic Design
Advanced Application Design Inn ior

Fig. 2. Six steps of Haptic Driven Design (HDD).
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3.2 Stimuli and Empirical Design Project

Based on the Haptic Driven Design (HDD) framework, this study schemes the design
project, which explores and applies haptic semantics (feeling, imagery, impact, action)
derived from material experience (sensorial, interpretive, affective, performative). Six
kinds of materials (wood, cement, wool, RP resin, glass, and ceramic) were chosen as
the stimuli by 10 designers. Then, this empirical design project developed 10 series of
haptic topics and related objects, which were brought out based on designers’ material
experiences. The project organizer directs these young designers to develop their haptic
products, focusing on the haptic discussion according to the hand’s touch. Furthermore,
these 10 extending objects are the advanced stimuli for experts’ evaluations.

3.3 Participants and Procedures

This research invites 6 experts to execute the Focus Group Discussion (FGD) and to be the
consultors who are the senior experts in craft creation, product design, and art education,
advise this experimental project previously, and evaluate the design outcomes later.
Besides, this case study recruits 10 designers to participate in this practical project. The
young designers are students from the Department of Arts and Design in the University
with mature craft creation and product design experiences who design diverse products
by applying the haptic cognition approach with abundant material experiences. The
project director is a skilled crafter and design educator who organizes and promotes
HDD applications in this case study. The HDD project comprises three stages: reflection,
execution, and evaluation, as shown in Fig. 3.

e Reflection Stage: A public exhibition was conducted to share the design outcomes
of the MX-to-HS design project with the broader audience. This event also facili-
tated a collaborative dialogue among participants and designers on their ‘material
experience’ and the extended expressions of ‘haptic semantics.” This process guides
designers in reflecting on their operational journey within the HDD framework, dis-
cussing the challenges encountered and potential solutions. Additionally, it involves
suitable adjustments in further projects.

e Execution Stage: Guide participants in extending and developing suitable haptic top-
ics based on their prior experience in the MX-to-HS design project. It encourages
the ten participating designers to continue utilizing materials from the initial phase
(wood, cement, wool, RP resin, glass, ceramics) as stimuli samples for advanced
material experiences. Furthermore, they are to iteratively refer to and fill out the
application checklist, reviewing and revising the selected haptic vocabularies and
control variables for tactile sensation. This process aims to complete the design and
creation of ten sets of haptic products (PPO1-PP10), which will serve as the stimuli
for further evaluation.

e Evaluation Stage: Six experts (EE01-EE06, comprising three with expertise in crafts-
manship, two in product design, and one in art education) were invited to conduct
empirical evaluations on the design outcomes of the HDD Project (consisting of ten
haptic works). These evaluations were facilitated using the outcome assessment form,
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employing two assessment modes: V (visual evaluation) and S (synesthetic evaluation
of sight and touch). Subsequently, an analysis and discussion of the expert evaluation
data results were carried out.

REFLECTION - . . N
Focus Group Discussion Recruit Designer
Material ( 6 experts ) ( 10 designers )
ateria ; $
Experience / i ¥
: Exhibition of MX-to-HS Designs
v : 2]
Haptic — ' '
Semantics SN ViR Fol R mEs reflect and adjust the ways in
and advise the following . h i "
previous haptic design project
2 Weeks procedures for HDD
EXECUTION . * i
Haptic Driven
Design Modify Haptic Expression Accomplish the HDD Project | |
HDD 3
6 Weeks e R _____»_____»____j
5
EVALUATION *
Design
Evalua%ion Evaluate the Outcomes Analyze the Results
2 Weeks

Fig. 3. Three stages of HDD project.

3.4 Research Instrument

This study proposed the “HDD Application Form” as the research instrument that guides
the haptic-driven design procedures, as shown in Table 1. The designer records four parts
of haptic semantics via sensorial, interpretive, affective, and performative keywords
that connect to the description of material experiences in outer perception, extensional
meaning, inner emotion, and associated scenarios. Besides, the experts evaluated the
correlation between tactile prompting and results via the “HDD Assessment Form,” as
shown in Table 2.
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Table 1. HDD Application Form ( take D10 as an example).

Designer

Sensorial

External Perception

Interpretive

Meaning Cognition

Affective

Internal Emotion

Performative

Associate Scenario

Tactile Prompting

Design Element

Control Factor

Surface undulations

Glaze particle sizes

Al-co-Creation

Finalized Design
(Ikebana Ware)

o o=

[

D10 Provocative Material Ceramic

Haptic Expression Based on the Material Experience

—_

. The surface of the ceramic feels smooth, gentle, and moist to the touch,
retaining a fine sandblasted texture.

2. It flows naturally along the curve with minimal bumps and undulations,

ensuring smooth lines.

. It evokes an association with an elegant and graceful personality.
. It suggests a humble and sincere character trait.

—_

. Aims to provide a sense of healing and peace, stabilizing the mood.
Hopes to represent and convey the user's elegant demeanor and humble
attitude through this product.

—_

. Hopes to create a work that can be held and rubbed in the palm.

2. Aims to allow the toucher to caress the surface of the work back and

forth smoothly.

Gentle / Modest / Healingly / Caressing

Undulation & Particle Technique/Craft Hand Kneading
Haptic Control (1-5: weak/low — intense/high)
I (weak) II (medium) 11T (intense)

(continued)



36 I-Y. Chiang et al.

Table 1. (continued)

Production Process
(180*160*230 mm)

i =1

Reflection (Designer / Creator)

a. There should be further accumulation of knowledge and skills regarding mixing glaze particles
to more precisely control the variations in the surface texture's intensity.

b. The curvature undulations of the vase's body should be adjusted to be smoother, making the
hand movements more fluid during back-and-forth touches.

c. There should be more advancement in learning the display effects of floral art styles to enhance
the work's sensory style and brand image.

4 Results and Discussions

4.1 The Creation of HDD Project

This study, during the “Phase II: HDD Project” (spanning 10 weeks), recruited the
same 10 designers who had previously participated in “Phase I: MX-to-HS Experiment”
(spanning 12 weeks). Through the exhibition of initial outcomes, a discussion and obser-
vational learning of each other’s preliminary application results were facilitated among
all participants, also extending their foundational experience with the application of
material experience established in the earlier experiment. This allowed for a nuanced ret-
rospection of existing material experience and enabled the extension of haptic semantics,
further expanding the development of qualia products. Consequently, the participating
designers in this phase IT (HDD Project) will be well equipped with essential knowledge
and skills in the Haptic Driven Design (HDD) method. Based on their previous design
experiences with the haptic object of cup sleeve, the designers refined the ten haptic top-
ics developed during Phase I to “angular, gravelly, coarse, fluffy, puffy, bumpy, smooth,
brittle, sandy, and gentle,” along with corresponding keywords as tactile prompting in
four parts (sensorial, interpretive, affective, and performative semantics). Observations
from the interaction between the project advisors and the designers revealed that repeated
selection or careful adjustment of tactile prompting facilitated the designers’ ability to
employ the HDD methods. This assistance was instrumental in manifesting subsequent
haptic imageries, aligning more closely with the desired quality of material experience
and design development vision, culminating in the completion of ten distinctive prod-
ucts (including pen, candle holder, planting pot, pillow, clutch, brush bottle, lampshade,
jewelry box, fragrance cup, and ikebana ware), as shown in Fig. 4.
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Table 2. HDD Assessment Form (take PPO6-EE02 as an example).
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Product PP06 Expert EE02
Material RP Resin Technique 3D Printing
Brush Bottle
(70*70*110 mm)
X Tactile Prompting
Haptic Target . . . .
Correlation Evaluation: 1-5 ( weak/low — intense/high)
\% S
Assessment Mode (Visual) (Synesthetic of sight and touch)
Sensorial Bumpy
External Perception 5 | 4
Interpretive Naughty
Meaning Cognition 2 | 4
Affective Amusingly
Internal Emotion 3 | 5
Performative Fingering
Associate Scenario 4 | 5
General Evaluation
Preference 4 5
Ranking (Top 3) NA Top 1
When actually touching, the sense of weight and touch generated
by the physical interaction dramatically enhances the degree of
Suggestion preference. Replacing the resin used for 3D prototyping might

bring a higher evaluation. Further, the designer can try to convert it
to other materials.
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PP06. RP Resin
(Brush Bottle)
Bumpy/Naughty
Amusingly/Fingering

—
PP01. Wood PP02. Cement PP03. Cement PP04. Wool PP05. Wool
(Pen) (Candle Holder) (Planting Pot) (Pillow) (Clutch)
Angular/Integrity Gravelly/Experienced Coarse/Brave Fluffy/Nonchalant Puffy/Elegant
Humorously/Fondling Stably/Holding Curiously/Groping Playfully/Grasping Intimately/Pressing

PP07. RP Resin PP08. RP Resin PP09. Glass PP10. Ceramic
(Lampshade) (Jewelry Box) (Fragrance Cup) (Ikebana Ware)
Smooth/Cute Brittle/Witty Sandy/Graceful Gentle/Modest

Pleasantly/Stoking Joyfully/Fiddling Romantically/Holding | Healingly/Caressing

Fig. 4. Overview of the HDD project outcomes.

4.2 Varying Capabilities of HDD Application

Contrasting the data from the “Evaluation results of the HDD project,” as shown in
Table 3, indicates that designers exhibit diverse approaches and capabilities in translat-
ing and implementing the HDD method across different tactile knowledge dimensions.
Overall, the ten designers performed better in the “Performative/ Associate Scenario “
level (mean: 4.10); conversely, they need to improve more in the transformation of the
“Affective/Internal Emotion” level (mean: 3.63).

Table 3. Evaluation results of the HDD project (PPO1 ~ PP10 by EEO1 ~ EE06).

Mean Assessment | Sensorial | Interpretive | Affective | Performative | Overall | Preference | Ranking
Mode (Top 3)

PPO1 \% 3.83 3.33 3.33 4.50 3.75 3.50 1.67

Waood s 417 3.50 3.50 5.00% 404 | 433 1.83

(Pen)

PP02 4.33% 3.17 3.33 2.83 3.42 3.83 1.67

Cement s 450% | 4.00 4.00 2.83 383 350 1.00

(Candle - -

Holder)

PP03 \% 2.83 3.33 2.00 3.17 2.83 2.50 1.33

Cement S 3.00 3.83 2.67 3.50 325 333 1.50

(Planting - - -

Pot)

(continued)
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Table 3. (continued)

Mean Assessment | Sensorial | Interpretive | Affective | Performative | Overall | Preference | Ranking
Mode (Top 3)

PP04 \Y% 3.33 3.33 4.67% 4.67 400 |3.00 1.00

Wool S 4.17 3.83 500 | 4.50 438% | 4.00 2.17

(Pillow)

PP05 \Y% 3.50 4.33% 3.33 4.17 3.83 3.67 2.00

Wool S 4.00 4.50 3.83 4.00 408 | 3.83 2.00

(Clutch)

PP06 \% 3.67 3.83 3.50 450 3.88 | 4.00 2.67

RP Resin | ¢ 3.50 3.83 4.00 4.50 396 | 4.00 233

(Brush

Bottle)

PP07 \Y% 3.67 4.17 4.00 433 4.04% | 4.17* 3.00%

RP Resin | ¢ 3.67 433 3.50 4.50 400 | 3.67 1.33

(Lampshade)

PP08 \% 4.33% 3.67 3.83 3.83 3.92  [3.83 2.50

RP Resin | g 450% | 3.50 4.00 450 408 | 417 2.17

(Jewelry

Box)

PP09 \Y% 3.67 3.50 3.17 3.67 350  |2.83 1.00

Glass S 4.50%* 3.83 3.00 3.67 3.75 3.17 1.50

(Fragrance -

Cup)

PP10 \% 3.33 4.00 3.83 4.83% 400 |3.83 2.17

Ceramic | ¢ 333 4.83% 4.17 450 421 417 3.17%

(Ikebana

Ware)

Overall \'% 3.65 3.67 3.50 4.05% 372|352 1.90

Mean S 3.93 4.00 3.77 4.15% 3.96 3.82 1.90
V+S 3.79 3.83 3.63 4.10% 384 |3.67 1.90

* The start marks the best-recognized result matching each criterion’s tactile prompting.
The underline marks the worst-recognized result of expert assessments in each criterion.

Taking visual assessment (associated tactile perception) as an example, when PPO7
(RP resin lampshade) received a higher evaluation (4.04), it also achieved the highest
preference mean (4.17), along with the best ranking for the average change in order
among the top three (3.00). On the other hand, when PP0O3 (concrete planting pot)
received a lower recognition (2.83), it led to the lowest preference score (2.50).

Furthermore, excluding PPO7 (RP resin lampshade), the data reveals a consistent
trend across nine out of ten works that followed the same pattern: the means from
“ Synesthetic assessment of sight and touch,” which included physical touch, were
consistently higher than those means from “Visual assessment,” which only provided
visual images. However, examining the overall means for tactile quality assessment
across all ten products, there is an observable general improvement: the overall means
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across the four tactile dimensions increased from 3.72 (V) to 3.96 (S); also, the overall
means of preference score rose from 3.52 (V) to 3.82 (S).

4.3 The Innovation via Tactile Prompting with AI-co-Creation

While initiating the HDD project, the director convened an FGD (Focus Group Dis-
cussion) to re-examine and modify research instruments accordingly. Consequently,
an “Al-co-Creation” column was added to the “HDD Application Form” (Table 1). In
the further stages of design development practice, designers participating in advanced
phases were guided to establish their core haptic topics and plan the tactile knowledge
dimensions during the sketching stage of design ideation. Subsequently, they integrated
relevant haptic keywords with artificial intelligence image generation software (Midjour-
ney) using Tactile Prompting, achieving innovative outcomes. Through the interactive
sharing between project advisors and participating designers, the integration of “Al-
Assisted Design” into the development process of qualia design was found to facilitate
the external manifestation of internal tactile imageries within Haptic Driven Design
(HDD). This process not only enriches the references available during design ideation
but also accelerates the evolution of the design development process.

5 Conclusions

Based on the previous studies [1, 8, 10, 11, 17-22], the authors explore a design inno-
vation connected with the material experience (haptic expression) and Al-co-creation
(tactile prompting). Furthermore, the results of the Haptic Driven Design (HDD) project
confirm the proposed methods and procedures. The research findings and conclusions
are as follows: (a) Designers who have undergone the initial training of the ‘MX-to-HS
Design Project’ will revise the haptic descriptors during the ‘HDD Project,” making
them more aptly reflect the desirable qualities and developmental vision of material
experiences. (b) The precise selection or careful adjustment of haptic descriptors by
designers aids in the subsequent manifestation of haptic imagery. This allows for the
judgment or application of relevant reference materials or the flexible incorporation of
other design methods. For instance, utilizing Al-co-creation enables more evident selec-
tion and mastery of necessary design information to optimize the quantity and quality of
design sketch ideation, improving the efficiency from design development to completed
work. (c) Individual designers possess distinct strengths in capturing different haptic
quality aspects of design performance, which affects the preference level, acceptance,
and ranking when evaluating haptic quality products. (d) In evaluating haptic quality
products, the assessment that includes physical touch assistance (sympathetic haptics)
yields higher ratings than evaluations based solely on visual observation (associative
haptics). In other words, incorporating real material experiences in visual-haptic eval-
uation enhances experts’ appraisal of haptic products. Finally, the authors address that
employing the haptic semantic could connect and enrich the material experience, cultural
elements, and design presentation. This study proposes a new prospection for product
design by enhancing the connection between material experience and haptic seman-
tics. The authors suggest that subsequent research may focus on exploiting the haptic
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semantics with the cultural context and relevant application of Al-co-creation for design
innovation.
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Behavioral Lock Screen Application Practice
Based on Gamification Design Method
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Abstract. Gamification design is an important and engaging design method in
experience design, currently widely explored and discussed in various fields. This
paper adopts gamification design as a method, focusing on the “task, measurement,
metric” cycle, to redesign and iteratively design the basic mobile application “Be-
havioral Lock Screen Application.” The study validates the positive impact of
gamification design on user retention and usage rates in fundamental applications.

Keywords: Gamification design - Task-measurement-metric cycle - Flow - Fogg
Behavior Model - Behavioral Lock Screen Application

1 Introduction

Gamification design involves incorporating elements and designs from games into non-
gaming contexts, aiming to enhance the enjoyment of experiences, attract users, and
stimulate their interest and motivation to increase user engagement, ultimately assist-
ing users in achieving their goals more effectively. Initially prevalent in the education
sector, gamification strategies gained popularity in various internet products after 2010,
aiming to enhance user engagement and improve overall user experiences. The design
of basic applications on mobile devices has become increasingly internet-oriented in
recent years, with a growing reliance on user data and a faster pace of iterative design.
Exploring the application of gamification design in suitable basic mobile applications is
a key consideration for terminal designers. This paper will elaborate on the implementa-
tion of gamification design, focusing on the basic application “lock screen,” for further
discussion and exploration.

2 Gamification Theories and Methods

The concept of ‘gamification” was initially introduced by Richard Bartle, a professor at the
University of Essex and a pioneer in multiplayer online games, in his work {The Game of
Work ) in 1980 [1]. The original intention was to “turn non-gaming things or work into a
game” by leveraging the positive effects and motivating factors of gamification. In 2002,
Nick Pelling-Smith first used the term “gamification” on his website to describe a design
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method that applies gamified user interfaces to business electronic devices. This approach
aimed to make electronic transactions more enjoyable and efficient. The popularity of
gamification surged after 2010, leading to the emergence of various gamification design
methods and theories. It began to be applied in diverse fields such as education and the
internet.

PBL System. The elements of Points, Badges, and Leaderboards (PBL) are considered
the three major features of gamification. These elements were frequently employed in
early gamification studies and designs. Points, Badges, and Leaderboards are regarded
as the presentation elements of gamification. However, as later gamification theories
and practices have demonstrated, PBL represents only a small fraction of the elements
commonly used in gamification [2, 3].

DMC Theory. The DMC theory of gamification design was introduced by American
gamification experts Kevin Werbach and Dan Hunter in their 2012 book “For the Win:
How Game Thinking Can Revolutionize Your Business.* The DMC theory is a method
that applies game design principles to non-game contexts, encompassing three levels of
game elements: Dynamics, Mechanics, and Components.

Dynamics, the most abstract level, refers to the psychological factors that drive user
behavior, such as goals, progress, and feedback. Mechanics, the intermediate level, per-
tains to the rules and methods used to implement dynamics, including challenges, com-
petition, cooperation, and more. Components, the most concrete level, represent the gam-
ified elements that users can see and interact with, such as points, badges, leaderboards,
and other tangible rewards.

The authors argue that gamification design is inherently user-centric, aiming to
stimulate users’ intrinsic motivation and enhance engagement and loyalty by lever-
aging the three levels of game elements: Dynamics, Mechanics, and Components. This
user-focused approach utilizes game elements to tap into users’ internal motivations,
ultimately fostering a more engaging and loyal user experience [4] (Fig. 1).

Dynamics emotion narrative relationship
progression constraints

chance, challenge, feedback,
Mechanics ———— competition, win states,
cooperation

achievements, leaderboards,
——Jp points, quests, gifting, teams,
social graph levels, virtual goods

Fig. 1. DMC theory

Software Gamification Analysis Method. In 2017, Wang Yaqian et al., in their paper
“A Goal-Oriented Software Gamification Analysis Method,” built upon previous theo-
ries and proposed a more practical analysis method for software gamification. Drawing
inspiration from the core elements of challenge tasks, measurement, and evaluation
within a cyclic system, they aimed to provide a systematic and actionable approach.
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The authors transformed challenge tasks into a goal model, defining gamified activi-
ties. To facilitate the completion of challenge tasks, they suggested measuring user activ-
ities in gamification through quantifiable indicators (resembling the Mechanics layer in
DMC theory) [5] (Fig. 2).

N

Measurement

p < ) N Points
/ \ Levels
[ Challenge | ‘ — Evaluation Leaderboard + Social
task ) Medals
\. / / vertual items

Fig. 2. Task, Measurement, Evaluation Circle

The aforementioned theories and methods dissect the gamification process, partic-
ularly the DMC model and the software gamification approach, providing insights into
constructing gamified products. Another category of theories delves into exploring the
underlying reasons behind why “gamification” can captivate users, encouraging them to
continuously engage.

The Flow Model. The Flow Model is one of the most widely recognized and accepted
theories in the industry. It emphasizes aligning task difficulty with user abilities, pro-
viding clear goals, guiding attention appropriately, and offering immediate feedback.
This is done to lead users into a state where they engage in an activity for an extended
period with high levels of concentration. As illustrated in the diagram below, it is evident
that task difficulty should be set at an appropriate level. For individual users, the ideal
scenario is a gradually increasing level of difficulty, forming a spiral that effectively
captures user attention and engagement [6] (Fig. 3).

=
Q
-

Anxiety

Challenge

Boredom

Low . i
Skills High

Fig. 3. Flow model

BJ Foog’s Behaviour Model. The model comprises three fundamental elements: Moti-
vation, Ability, and Prompts. For any behavior to occur, these three factors must be
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simultaneously satisfied—people need motivation for the behavior, the ability to exe-
cute it, and a suitable trigger or prompt. The model assumes that a behavior is most
likely to occur only when an individual has sufficient motivation, the ability to perform
the action, and there is a trigger to remind them. All three conditions are essential [7, 8].

A classic example is Ant Forest, where the motivation is tree planting, the ability
involves activities like walking or using public transportation, and the trigger is the Alipay
app reminding users to collect energy. The trigger condition is easily accessible within
the daily software usage routine, with high reachability and low ability requirements.
Consequently, the design of Ant Forest is effective in attracting users to engage with the
application (Fig. 4).

e B=MAP
&
= Prompts
@©
> succeed here
g
(@)
=
Prompts
fail here
Low
Hard to Do Ab|||ty Easy to Do

Fig. 4. BJ Foog’s Behaviour Model

In summary, the current state of gamification theories and methods is characterized
by ongoing discussions with different emphases and analytical perspectives. For the
practical design of specific products in the industry, it is essential to integrate gami-
fication concepts and theories into a workflow and methodology with strong practical
applicability.

Combining the widely used design process double diamond theory, we have inte-
grated gamification design. In a typical design flow of Discover —> Define —> Develop
—> Deliver, gamification design primarily focuses on the Define and Develop stages.
During these stages, gamified elements and motivational mechanisms are integrated and
refined. The process evolves from Discovery —> Define Problems —> Determine Gam-
ification Theme Story —> Design Game Model (challenge goals, measure user gaming
behavior, evaluate behavior loop) —> Deliver Implementation. This integration aims to
provide a robust and practical framework for incorporating gamification into product
design, aligning it with established design processes for effective implementation.

3 Introduction of Behavioral Lock Screen Application

Lock screen applications are the first local applications that users encounter when using
their phones, and they are also the most frequently used applications. With the develop-
ment of smartphones, these devices have become an indispensable part of users’ lives as
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crucial components of their mobile terminals. According to a report from the 360 Mobile
User Research Center in 2016, the average smartphone user unlocks their phone screen
122 times per day, with some “enthusiastic users” unlocking it up to 850 times. A more
recent study by Accesspath indicates that users check their phones an average of 58 times
per day. Picking up the phone may become a habitual behavior, as data shows that half
of the phone usage occurs within 3 min of the previous usage, with an average duration
of approximately 1 min and 15 s each time.Different research institutions have reported
varying frequencies of daily phone checks and unlocks for different sample groups, both
in China and globally. However, they all reach a consistent conclusion: users frequently
unlock their phones to perform various operations. As the first interface users see when
interacting with their phones, the lock screen is of paramount importance. Recognizing
this, mobile phone manufacturers began redesigning lock screen applications around
2015, providing not only the time and new information but also visually appealing
wallpapers and relevant content recommendations to enhance the user experience.

Behavioral Lock Screen Application was conceived to enhance the user experience
of unlocking screens by delivering a product that goes beyond the conventional. By
presenting users with exquisite photographic images on the lock screen, users not only
check the time and notifications but also enjoy various photography wallpapers, such as
scenic views, food, still life, pets, and lifestyle. The lock screen also provides functions
like liking and bookmarking, allowing users to express preferences. Through user likes,
the system tailors wallpaper recommendations based on user interests.However, over
time, the usage rate of the original Behavioral Lock Screen application decreased, along
with a decline in user engagement metrics such as likes and shares for the images. In
order to enhance the user experience of the ZTE lock screen product, we have decided
to undergo a redesign using gamification design principles in the process.

4 Practical Implementation Process

4.1 Discovery

Through user interviews, competitive analysis, and data analysis, we identified the
following reasons for the decline in the original lock screen usage:

e Product Homogenization: The market is saturated with similar products, offering
users various types of aesthetically pleasing images, leading to a lack of product
differentiation.

e Limited and Monotonous Content Resources: The available content is limited,
and there is a lack of variety. Users easily encounter repetitive images as they scroll
through, diminishing the overall appeal.

e Passive Interaction Format: The interaction format is passive, as users merely need
to swipe left or right to view images. This lack of active participation results in a
diminished sense of engagement, leading to a rapid decline in novelty and reduced
product stickiness.

4.2 Problem Definition

Given the identified reasons, it is evident that the original Behavioral Lock Screen appli-
cation, unchanged for several years, lacks significant appeal to users. The existing product
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primarily involves passive receipt of aesthetically pleasing images. Initially, users may
be interested in swiping and viewing due to the novelty of the content. They might even
engage with features like liking and sharing. However, over time, as there is no mean-
ingful connection established between the content and users’ personal lives or habits,
the initial novelty diminishes, leading to a natural decline in usage.

To sustain user interest, Behavioral Lock Screen application needs to establish a
meaningful connection with users’ lives. This could involve fulfilling desires that are
challenging to achieve in their daily lives or assisting in achieving personal goals. By
creating a connection between the product and users’ aspirations or objectives, the lock
screen can foster a sense of novelty and engagement, thus preventing a decline in usage
over time.

4.3 Determine Gamification Theme

During the product redesign, we found ourselves amidst the COVID-19 pandemic, a
period marked by relatively enclosed lifestyles. Recognizing the challenges and seeking
to provide users with new experiences and a positive mindset during this time, we aimed
to build on the existing Behavioral Lock Screen application.

In our brainstorming sessions, considering the prevailing circumstances, we envi-
sioned promoting a healthy lifestyle from a humanistic perspective. We wanted “Behav-
ioral Lock Screen Application” to offer users a sense of “Life is not just the temporary
hardships we face but also the unrestrained spirit and the beauty of distant landscapes.*
Subsequently, we formulated three gamification themes:

o Health and Fitness: Using the “Cloud Mountaineering” theme, we showcase moun-
tainous landscapes on the lock screen to motivate users to engage in regular physical
activity.

e Travel: Employing the “Cloud Tourism” theme, we present scenic views from various
parts of the country, allowing users to virtually travel and fulfill their desires during
the pandemic.

o Intangible Cultural Heritage: Leveraging the “Cloud Tour of Intangible Cultural
Heritage” theme, we offer virtual tours of China’s intangible cultural heritage, show-
casing images that provide insights into the diverse cultural heritage of the coun-
try.Due to practical considerations in product design and implementation, we initially
focused on refining the gamification design for the “Cloud Mountaineering” theme.
We defined this theme as the “Climber.”

4.4 Develop

Designing User Gamified Challenge Goals, Measuring User Behavior, and Evaluating
Behavior Loop.

e Gamified Challenge Goals: The “Climber,” as the name suggests, aims to ascend to
great heights, with the ultimate goal being the summit of Mount Everest. Throughout
this journey, users need to climb various mountains of different heights as sub-goals,
completing each sub-goal before reaching the summit of Mount Everest.
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e Measuring User Behavior: Measure the number of steps taken by users daily and
track the number of days, converting their steps into climbing heights.

¢ Evaluating User Behavior: Establish an evaluation system to assess user behavior,
i.e., climbing heights, and create incentives.

e Mountain Views: Display different picturesque mountain images based on the ascent
of various mountains, providing users with visual enjoyment while inheriting the core
content of the ZTE lock screen.

Medals: Award different medals based on the climbed height and time taken.
Ranking: Daily/monthly/total climbing heights ranked among numerous users.
Achievements: Number of peaks corresponding to daily/monthly/total climbing
heights.

e Sharing: Users can share the scenic images of the climbed mountains and the achieved
climbing heights with friends (Fig. 5).

Goal G (User: Keep healthy) S (User: Sense of Achievements)
Task T (User*SW: Cloud mountaineering)
Measurement:
Primary indicator T (User: Daily walk) T (SW: Record number of steps) T(SW: Record number of days)
Mossurement T (SW: Convert climbing T (SW: Convert climbing height into T (SW: Number of
Secondary indicator steps into height) number of peaks climbed) completed routes)
Evaluation system T (SW: Ascent ranking by height T (SW: Scenic T (sw T (SW: Medals)

and frequency) appreciation) Achievements cards)

T (User: Sharing)

Fig. 5. Task, Measurement, Evaluation Relationship Diagram

The gamified design for the “Climber” involves the task T (User: Cloud Mountaineer-
ing, ultimately reaching the summit of Mount Everest), representing the gamified goal.
In this gamification process, the ZTE Lock Screen App converts the user’s step count
into climbing height and translates the accumulated steps into the number of ascents
of different mountain peaks. Throughout this process, the app provides information on
climbing height, ascent frequency, displays scenic images of different mountains, and
awards achievement cards and medals based on climbing height and frequency.

Additionally, the app shows the user’s ranking among numerous users, encourages
sharing of this information with friends, and aims to increase user engagement by mak-
ing them aware of their walking step count. By comparing their steps with previous
records and others’ step counts, the app seeks to motivate users to continuously challenge
themselves, fostering a sense of achievement during the climbing process.
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In establishing the loop of challenge tasks, measurement, and evaluation, espe-
cially establishing a strong relationship between measurement and evaluation is cru-
cial. According to the Flow Model, the game difficulty should not be too high, meaning
high evaluations should not be overly challenging. If the difficulty is too great, it may
lead users to give up, but it also shouldn’t be too boring or easy. The difficulty should
spiral up gradually, turning the ultimate challenge task into a series of sub-challenges.
Users progress through these sub-challenges by continuously “clearing” them, ultimately
completing the entire challenge task.Sub-challenges are typically arranged from easy to
difficult. Through timely evaluation feedback, users gain a sense of achievement, entic-
ing them to engage in the next sub-goal challenge, immersing themselves in the game.
This sequential, gradually increasing difficulty keeps users motivated and immersed in
the gaming experience, aligning with the principles of the Flow Model.

Based on the specific analysis of the gamified design above, combined with infor-
mation on major mountains in China, we have compiled climbing routes for the top
20 mountains. The elevations of these mountains vary from low to high, and the alti-
tude differences between peaks also increase from smaller to larger. The difficulty of
users’ cloud mountaineering (target step count) gradually increases as they ascend each
mountain.

H(Altitude) = S(Step count)/(K(Fixed coefficient)*D(Difficulty coefficient).From
the primary measurement of daily step count to the secondary measurement of climbing
height, we adhere to the principle of gradually increasing challenge difficulty, where
higher mountains have higher difficulty coefficients. For example, the lowest difficulty
coefficient for She Mountain is 1, requiring only 2,800 steps to reach the summit. The
highest difficulty coefficient for Mount Everest is 3.4, necessitating nearly 850,000 steps
to reach the summit. In the gaming process, we motivate users to engage in more daily
physical activity (walking or running), enabling them to ascend one peak after another
and experience a sense of accomplishment.

In the design process, we also considered the total duration of cloud mountaineering.
Based on the actual daily walking situation of different types of people (sedentary indi-
viduals, average individuals, and fitness enthusiasts), we designed a total duration rang-
ing from 2 months to half a year, which, according to initial rapid surveys, is generally
acceptable to most users as a suitable gaming length.

During communication with the implementation team for the climber’s gamified
design, due to practical constraints such as implementation time, server limitations,
and user data privacy concerns, we decided to exclude ranking from the evaluation and
incentive components.

4.5 Delivery and Implementation

Based on the gamified design process outlined above, we proceed with a detailed interface
design for the measurement and evaluation system.

Measurement Design. Real-time display of climbing height and the conquered peaks,
providing users with information reminders and indicating the effort required to achieve
their goals.
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We have meticulously crafted a climber-exclusive display for both the lock screen
and the screen-off state, taking into account the characteristics of lock and screen-off
functionalities (Fig. 6).

ey Ny |
" " »

Fig. 6. Measurement interface

Evaluation System Design. Different evaluation incentives are provided during and
after the climbing process, encompassing four distinct types:

e Scenic Appreciation: Upon reaching the altitude of a corresponding peak during
each climb, Behavioral Lock screen will showcase the beauty of the mountain along
with corresponding poetic phrases.

e Achievements: Users are rewarded with achievement cards based on their daily,
monthly, yearly, and cumulative step counts.

Medals: Corresponding medals are awarded upon completing a climb.
Social Interaction:All scenic images, achievements, and medals can be shared,
fostering social discussions and a sense of accomplishment among users (Fig. 7).

4.6 Data Feedback

With the release and market availability of the mobile Z40s Pro, we captured the climber
usage data from April to December, as shown in the following chart (Table 1).

From the chart, it can be observed that the usage rate peaked after four months,
aligning with our initial estimation of the average time for climbers to complete one
route. Subsequently, the usage rate experienced a slight decline but stabilized at over
50%. The increase from the previous average usage rate of 32% to a stable rate of over
50% indicates the success of this iterative update. Gamified design, providing users with
clear gaming objectives and evaluative incentives at each stage, contributes to increased
user engagement. Additionally, the slight decrease in usage after four months can be
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‘Yeu are sil on the wiay to the top of
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Fig. 7. Evaluation system interface

Table 1. Climber usage
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attributed to users completing a route climb without new goals. After experiencing all
the incentives in the evaluation system, users no longer have new motivations, and they
naturally exit the climber’s journey.
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4.7 Iterative Design Based on Data Feedback

To retain existing users and attract new ones, we iteratively optimized the gamified model
in terms of goals, metrics, and evaluations.

e Establish New Routes: Introducing new routes and challenges provides a sense of
novelty, enticing users to engage in the game.

e Introduce New Metrics: Bringing in additional metrics enriches users’ gaming
behaviors, providing a more comprehensive measurement of their activities.

e Optimize and Enrich the Evaluation System: Enhancing the evaluation system
offers more appealing incentives, encouraging users to immerse themselves in the
game for a longer duration.

Following the climber’s ascent routes, we designed new routes like the Cool Runners,
the Qinghai Lake Circuit, the Forbidden City and Bird’s Nest Scenic Route, the West
Lake Rose Route, the Huangpu River Riverside Route, and more, providing users with
a diverse selection of routes (Fig. 8).

< SELECT ROUTE

Beijing route

Fig. 8. New routes

To broaden the target audience, in addition to the existing metric of step counting,
we introduced a step count for running. This allows users who engage in running and
fitness activities to play the game while tracking their running statistics. According to
the Fogg Behavior Model, the trigger cost for this user segment is relatively low. Users
who already have a habit of running can easily enter the game by choosing the “Cool
Runners” feature. Furthermore, we added a running button on the lock screen slide
interface, making it more convenient and faster to open compared to third-party running
apps that require navigating into a separate module. This design places “Cool Runners”
in the Fogg Behavior Model with low ability requirements and a large effective trigger
zone, enabling users to engage in the game for an extended period (Fig. 9).
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Fig. 9. Lock screen of Cool Runner

For the design of the evaluation system, we have the following goals:

. Provide recognition for users’ repeated actions to accumulate acknowledgment, thus

increasing participation time.

. Demonstrate that users have enough qualifications or authority to express affirmation

for their sustained participation.

. Encourage users to explore as much content within the application as possible.

To address these goals, we have formulated three optimization directions:

. Expanded the original climber’s performance record interface to separately display

the achievements obtained from running and walking.

. Introduced variations in achievement records and sharing cards based on different

performance accomplishments.

. Added a historical record query feature for users to easily review their past

achievements.

In response to this, we have made the following iterative improvements to

achievement cards, medals, and achievement sharing.

Achievement Cards:

On the main interface data cards, in comparison to the climber, we added the display

of running data. To accommodate this change, achievement cards are divided into two
types: data when using routes and data when initiating running. There may be data overlap
between the two, for example, initiating a cool run while using a route. To encourage
users to continue using the app, we compared running data with half marathon and full
marathon achievements. By comparing the data with marathons, a well-known high-
difficulty running activity, users can be motivated to continue participating and have the
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desire to share, especially considering that only a small percentage of people in life can
complete a marathon (Fig. 10).

& Running ch

123.56

1.23mae: 107.20m

Fig. 10. Achievement cards

e Medals:

We have enriched the types of medals, introducing six different medals based on time
and speed. In comparison to the previous climber, we made differentiated improvements.
Depending on the performance achieved, medals now have distinct colors and display
elements, motivating users to undertake multiple challenges to achieve better results
(Fig. 11).

e Achievement Sharing:

Achievement sharing has been enriched compared to the climber, divided into route
history and cool running history. It records the time and athletic achievements of each
completion, making it convenient for users to share afterward and enhancing stickiness
(Fig. 12).

“Cool runner” is currently in internal testing. After the official launch, we will
continue to improve the “Goal, Metric, Evaluation” cycle based on user feedback and
data feedback, ensuring that users maintain continuous interest and engagement in the
gamified Behavioral Lock Screen application.
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S5 Conclusion

This paper introduces the theories and methods of gamification design, summarizing
a practical workflow and methodology for product design. Using the example of the
Behavioral Lock Screen application, it illustrates how gamification design and itera-
tive design can be applied to terminal product systems. Data feedback indicates that
gamification design has a positive impact on product stickiness and user engagement.
However, to maintain user engagement over a longer period, iterative design is crucial
in the “Goal, Metric, Evaluation” cycle of gamification, keeping users in a state of flow.

For the Behavioral Lock Screen application, we will continue to iterate and develop
using gamification design, advancing the concept of “healthy living.” We plan to further
productize “cloud tourism showcasing the beauty of various regions in the country” and
“cloud participation in national intangible cultural heritage activities.” This will present
the scenic beauty and outstanding intangible cultural heritage from different parts of
the country to ZTE smartphone users, contributing to the dissemination of traditional
culture and the inheritance of traditional skills.
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Abstract. In the era of longevity economics, people not only live longer, but also
desire a better quality of life. People are living longer, but our social infrastruc-
ture—including healthcare, education, and finance—is not equipped to deal with
the socio-technological challenges that come with aging, like health and money
problems. According to research conducted by the World Health Organization
(WHO) in 2022, most countries are grappling with the need to transform their
health and social systems to address the rapidly expanding aging population. The
research discussed in this paper aims to develop an effective longevity service by
employing visual and tangible artifacts through four co-creation workshops and
12 semi-structured interviews. The 20 Cambridge- or Boston-based participants
engaged with a prototype longevity coaching service, in an attempt to identify and
reflect on their needs for a longer life and to project their future selves through the
lens of a longevity service. This study addressed four questions: 1. How can peo-
ple’s ideas and visual concepts be effectively translated into tangible prototypes in
a co-creation workshop? 2. What are the advantages of incorporating visuals and
tangible artifacts in a longevity coaching service to reframe and address longevity-
related challenges? 3. How can subtle needs and insights be discerned through the
cultural and social perspectives integrated into a longevity coaching service? 4.
In what ways can tangible artifacts, complemented by visuals and text, be used to
raise awareness about the longevity coaching service and culture, thereby enhanc-
ing people’s understanding of their holistic well-being in the future? The study
explored and discussed the concept of Design for Longevity (D4L) enriched by the
integration of visual, tangible, cultural, and social dimensions, which serves as a
framework for building and refining a more meaningful, respectful, and inclusive
longevity coaching service.

Keywords: service design - longevity planning - tangible artifact - design for
longevity

1 Introduction

1.1 Longevity Economics and Experience-Driven Service Industries

In the era of longevity economics [1], experience-driven service industries [2, 3] are
emerging to meet the desire of sophisticated users to satisfy their vision of quality of
life [4]. People are seeking not only ownership of tailor-made products, but also the
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experience of memorable, respectful, and unique services [5, 6]. People live longer [7]
and want to live better with meaning and dignity [8].

The scholar Golden (2022) mentioned that the traditional three stages of life—birth,
study/work, and retirement—need to change to embrace multiple life stages, complexity,
and ambiguity, especially in the context of transformational organizational cultures,
multi-generational environments, a diverse workforce, inclusive policies, and longevity
economics [9].

For example, instead of saying people are retiring, let’s say people are “rewiring” to
move towards different life stages and to continue learning, creating, and experimenting
with new challenges. Meanwhile, society is shifting individuals’ perception of what
planning for the future looks like at all ages—from the traditional financial planning
approach for design for retirement to a holistic longevity coaching service: Design for
Longevity (D4L). This transformational shift has shaped the fundamental mindset and
systems that individuals must re-consider when designing and using financial planning
strategies and services.

The idea of D4L originally emerged from the world of product design (i.e. the fashion
industry, product lifecycle, and manufacturing process). The intent is to design resilient,
sustainable, repairable, and modular systems of products, services, and experiences to
form circular economics to reduce environmental impact, promote responsible culture,
and generate long-lasting value.

Regarding the economic and financial side, the concept of D4L has expanded the
definition and scope of financial planning and become more critical than ever to connect
with people’s different stages of life in preparation for the socio-technological challenges
in a super-aging society: mobility, education, home, family, community, investment, risk,
and future [10].

1.2 Research Hypothesis and Questions

This is a descriptive qualitative research study that explores, observes, documents, and
analyzes the data from four co-creation workshops [8, 9] and 12 pilot tests conducted with
Longevity Planning Blocks (LPBs) to build a longevity coaching service with visual,
tangible, and cultural perspectives. Broadly speaking, a longevity coaching service is an
extension of typical financial planning services that empower and educate individuals
to adapt and learn the concept of longevity planning and longevity literacy.

A good longevity coaching service might consider learnability, efficiency, safety,
trustworthiness, confidence, and perceived service quality. Our hypothesis is that creat-
ing visual and tangible artifacts in a co-creation workshop can make participants more
engaged with the longevity coaching service process by 1. Understanding and embrac-
ing the new concept of longevity planning; 2. Reflecting and identifying their longevity
desires based on demographics, including culture, age, gender, expertise, and education;
and 3. Projecting their future selves through the lens of longevity planning.

Thus, this study explored four research questions: 1. How do participants translate
their ideas and visuals into tangible prototypes through a co-creation workshop? 2.
How do participants consider the advantages and disadvantages of applying visuals and
tangible artifacts to reframe and solve longevity-relevant challenges during the longevity
coaching service process? 3. What subtle human needs can be observed through cultural
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and social lenses in the process of creating a longevity coaching service? 4. How do
people use tangible artifacts with provocative questions, representative icons, and visuals
to raise awareness of the longevity coaching service and emphasize its importance in
enhancing the understanding of people’s future holistic well-being?

2 Literature Review

This section covers three areas—creative artifacts, experience prototypes, and a think-
aloud approach—to contextualize the connections between a longevity coaching service
and visual, tactical, cultural, and social artifacts.

2.1 Longevity Planning Blocks (LPBs) and Tangible Artifacts

There are many ways to define artifacts. Think about why people keep ordinary things,
such as a vase, a table, or a clock. Sometimes it is because they care about status-
signaling and find that to be much more important than high use-value [12—15]. This
is often common with objects that are memorable, unique, personal, and irreplaceable,
whether three-dimensional objects or two-dimensional photos or graphics.

In this study, we are curious to explore not only the functional side of objects, but also
the cultural parts of artifacts to discover political meanings and systems implications in
a broader social context for longevity.

The scholar Turkle coined the term “evocative objects” to connect two less familiar
or relevant concepts or ideas to spark new meanings, feelings, and perceptions that
impact our relationships with things [16]. Evocative artifacts can reveal the value of
status-signaling that makes us think about the root cause of the object we are passionate
about. One example is the design and development of the 12 Longevity Planning Blocks
(LPBs) by Lee and Coughlin from the MIT AgeLab in 2022 shown in Table 1 and Fig. 1
[11].

Table 1. The design of 12 Longevity Planning Blocks (LPBs) including four stages of retirement,
provocative questions, and representative icons. (LPBs was co-created by Sheng-Hung Lee and
Joseph F. Coughlin)

Managing complexity =~ Making big decisions = Managing complexity Living solo
e How will youman- e Whatwillyoudoon e How will I getanice e Who will change your
age your health? Tuesday morning? cream cone? light bulbs?
o Where will you live? e Who will you have e How will you provide e Who will care for
lunch with? care? you?
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The LPBs consisted of 12 tangible artifacts with 8 provocative questions (e.g., these
life-relevant questions enable individuals to reconsider elements of their environment,
families, and communities), representative icons, and textures to help financial service
providers and recipients envision a possible future longevity coaching service. This study
used the early stage of the LPB design and development process to explore the broader
perspective from visual and tangible to cultural and social.

Fig. 1. The design and development of 12 Longevity Planning Blocks (LPBs) co-created with
the MIT AgeLab (Credit: Amanda Macchia)

2.2 Cultural and Social Artifacts

Payne, a design educator and a design leader of a nonprofit, public-interest organization,
explained that not many disciplines can create cultural artifacts, processes, services, and
events [17]. Further, we can think of cultural and social artifacts that are rooted in the
complex ecology-driven systems that might impact longevity coaching service design.

The idea of cultural or social artifacts can be traced back to the understanding of
design as a diverse discipline. The design domain cannot be fully speculated, created,
and implemented by itself without collaboration and extension with other disciplines.
Therefore, design can be considered not only a catalyst, but also a product of cultural
inventions. It can bridge times from the past to the future and be associated with deeper
and broader environmental, cultural, economic, and social contexts.
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2.3 Experience Prototype

Instead of discussing the traditional approach of experience prototypes in a design pro-
cess [18], such as Human-Centered Design [19] or Design Thinking, from IDEO, a
leading global design and innovation company transforming businesses, society, and
technologies [20], this study explores how people interact with experiences empowered
by visual or tangible artifacts to learn new longevity-related knowledge.

The experience can be viewed as a continuous dynamic status while we prototype,
discuss, and analyze echoing Erwin’s (2018) perspectives that it’s not about visualiza-
tion, it is about visualizing; it’s not about user research, it is about the researching; it’s
not about the prototype, it is about the prototyping [17]. In addition, Larsen (2018) pro-
posed that experience always has a social body based on the assumption that it isn’t
human consciousness that determines people’s existence, but their social existence that
determines their consciousness [21].

The first interaction with artifacts is through touch. But what do people actually
feel when they touch things? Larsen (2018) indicated that we can consider tactility as
a mix of a physical sensation and a mental experience. The concept of tactility is to
be perceptible on the skin’s surface while keeping the remaining part as an intangible
underneath. People thought what they could see is the part of objects they touch, but their
obsessions and personal preferences of how to use specific objects might also directly
or indirectly change their behavior or perceptions “interacting” with the objects [21].

For example, individuals might integrate their habits because of their interaction with
products. Since the popularity of using smartphones has increased and been integrated
into our lives seamlessly, for most young generations, smartphones have replaced many
electrical devices (e.g., cameras and tablets) and services. People also use smartphone
apps for calling food delivery services or car transportation services.

Krop (2018) thought of tactility as a sense of reality to reflect how to make people
feel: smooth, rough, soft, etc. [21]. Sonneveld (2018) considered touch as a full-body
experience that can give people a sense of being in control, discovery, and navigating
the world around them. People’s touch experience can also make them vulnerable and
sentimental. For instance, when we’re touched, we might feel harmed or irritated [21].

In summary, this study experimentally prototyped and tested a longevity coaching
service. The primary goal was to capture, synthesize, and analyze participants’ reac-
tions, emotions, and decision-making processes concerning visual and tangible artifacts
associated with provocative scenarios within cultures and social contexts.

2.4 Think-Aloud Approach

Think-aloud is one of the qualitative research approaches to study any words in partic-
ipants’ minds that are expressed through verbal, visual, and behavioral formats while
performing a designated task [21-23]. Previously, Ericsson & Simon (1980) treated
participants as quasi-researchers, since to some degree, the experiment’s results were
co-created with researchers [24].
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Olson et al. (1984) considered the think-aloud approach an effective research tool
to access people’s working memory from a higher-level thinking process [25]. It could
also be a helpful way to observe and study individual differences while performing the
same task.

To successfully apply this method, researchers should consider their own specific
roles, relatable triangulation sources, and methods for data interpretation [22]. The think-
aloud technique originated from the field of cognitive and psycholinguistic theory. At the
time, scholars from cognitive psychology wanted to understand the connections between
human working memory, thoughts, and words. For example, the idea of “inner speech”
and working memory was used in Vygotsky’s (1962) Thought and Language to study
people’s thought processes, cognitive workload, and expression [26].

However, one critical concern is when participants’ expressions are not displayed
verbally— such as showing physical actions, visual interpretations, or emotions while
finishing tasks. The study result might then be distorted in the midst of verbal translation
to satisfy the requirements of the think-aloud approach. Eccles and Arsal (2017) also
mentioned three common pitfalls of using the think-aloud approach [27]. Participants
don’t need to explain their thoughts verbally or through other means; instead, they only
need to think aloud retrospectively or concurrently.

A researcher also needs to guide participants before they start to think aloud, such
as using warm-up exercises to instruct participants about the method. Lastly, the time of
a think-aloud approach is important, due to the limitation of participants’ attention and
the quality of the research result.

In this study, a think-aloud approach was applied to four co-creation workshops
and 12 semi-structured user interviews [28, 29]. The experiments were designed to
ensure that 20 participants were less influenced by the research team. To gain a more
accurate analysis, the discussion between a participant and facilitator during the longevity
coaching experiment and then post-experiment interviews were all recorded through
Zoom cloud. Researchers also reviewed discussions and interviews through the video
transcriptions.

3 Research Methods, Process, and Results

Figure 2 demonstrates the research flow of study 1 and study 2. The study was a qualitative
research project hosting four co-creation workshops [11, 12] and conducting 12 semi-
structured interviews to gather data. A think-aloud method, prototyping result, and design
process were applied to analyze information to address the four initial research questions
and three hypotheses.

Data Input Data Capture Data Synthesize

Study 1 |8Panicipants H Co-creation Workshops

Document and Analyze
Experiment Results

Study 2 ‘ 12 Participants }——| Semi-structured Interviews

Fig. 2. Research flow overview of Study 1 and Study 2 from data input, capture, to synthesize
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Two results were presented: 1. Participants’ visuals and tangible design prototypes; 2.
Keywords, quotes, and stories from semi-structured interviews. These learnings enabled
us to better translate information into insight and helped us propose the D4L service
considerations diagram (Fig. 4) to address the four research questions.

3.1 Recruitment

The author used his connections to invite 20 volunteer participants based in either Cam-
bridge or Boston. Most had backgrounds in design (i.e. industrial, graphic, interaction,
advertisement, business, and architecture design). Additionally, some had engineering,
education, finance, and communications backgrounds. Regarding the demographics,
25% were males and 75% were females, with an average age of 35 years old. Signif-
icantly, 90% of participants had little or limited financial planning experience. Among
the 20 participants, we conducted two studies.

In Study 1 (Fig. 2), eight female participants, each with expertise in diverse design
disciplines, were divided into four workshop groups (two participants per group), cre-
ating a more intimate 1:1 co-creation setting to delve into the sensitive and challenging
longevity planning and design topic.

Within each co-creation workshop, participants were equipped with accessible proto-
typing materials (e.g., form core board, thick paper, LEGO, glue gun, Post-its, Sharpies)
and allocated approximately one hour to collaboratively create and engage in team dis-
cussions and sharing. In Study 2, the author conducted the semi-structured interviews
with 12 participants.

3.2 Visual and Tangible Prototypes of Longevity Services

Selected prototypes and ideas came from four co-creation workshops designed by eight
designers from various backgrounds (Fig. 3). The intention was to envision future
longevity coaching services through visual and tangible artifacts in response to the
first research question: How do people translate their ideas and visuals into tangible
prototypes through a co-creation workshop?

Since each co-creation workshop was conducted for approximately 45-60 min, the
use of a think-aloud approach and role-playing had an effective influence to help par-
ticipants better express and think in the shoes of both a service provider and recipient,
and facilitate more constructive conversations. In a 10-20-min post-workshop session,
a quick interview and reflection were shared by participants to help us understand their
sketches, drawings, and tangible prototypes with stories.

In summary, the deliverables are inspired by a great interest in how to make longevity
coaching services more engaging and gamified (and not gimmicky) and an experience
that builds trust and creates a safe exploratory environment where people are encouraged
to consider many angles beyond finance: education, community, family, home, mobility,
risk, relationship, trust, future, etc.
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Fig. 3. Idea sketches, storytelling, visual expressions of longevity planning strategies, and low-
resolution tangible prototypes (Credit: Sheng-Hung Lee)

3.3 Semi-structured Interview

In pilot tests of Study 2 (Fig. 2), the 12 participants were provided with the high-fidelity
tangible artifacts—LPBs—to experience a longevity coaching experience for approx-
imately 35—45 min followed by a 10-15-min semi-structured interview. The research
result was documented and organized from 12 post-experiment interviews.

During the 12 experiments, the verbal and behavioral data were captured, such as
participants’ quotes, stories, the number of Post-it notes they used, the number of times
they touched the LPBs, and also their gestures: leaning against the edge of the table or
occupying the whole table and thinking it to be a learning zone.

However, due to the focus of this study and scope of the paper, we emphasized verbal
discussion of interviews to present the advantages and disadvantages of using visual and
tangible artifacts for future longevity coaching services (Table 2).

The intention was to gather participants’ feedback in response to the first research
question: What do people consider the advantages and disadvantages of applying evoca-
tive visuals (e.g., the image of a lonely cat that enables participants to express their
thoughts about the stage of living alone), representative icons (e.g., the icons that encap-
sulate the concrete life examples from four retirement stages), and tangible artifacts
(e.g., LPBs) to reframe and solve longevity-relevant challenges during the design pro-
cess? Table 2 provides useful evidence and references to re-design the visual and tangible
artifacts.
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Table 2. Participants’ direct quotes on using visual and tangible artifacts (LPBs) in a future
longevity coaching service.

Advantages Disadvantages

* “When I flip each LPB, I can naturally have | ¢ “The realistic photos on LPBs are a bit hard

more thoughts.” to read on a translucent face and some
* “The icons on LPBs can give me a direct photos might be too complicated to
idea.” understand.”

“I enjoy the translucent texture of matte “LPBs should leave some white space, so [
surface. It makes me want to see through the | won’t feel confused.”
opposite side of a cube. I just want to keep “I need more LPBs that can reflect my

touching them (LPBs).” longevity coaching needs. Maybe we can

* “The dimension of one LPB is a decent DIY to make our own LPBs.”
design that I cannot hold it with my full » “Instead of adding questions, visuals, icons,
hand, but I can move it around, especially and logos, I think it would be interesting to
the rounded radius makes it smooth and create a LEGO-style of structure to trigger
pleasant to touch.” more possibilities of playing and various

* “The weight of each LPB is satisfying. It configurations.”
makes me feel the design is premium and
important.”

3.4 DA4L Service Considerations Through Various Lenses

The first two sessions of the experiment were to address the first two research questions.
The above preliminary results better enabled us to synthesize and discuss the last two
research questions about identifying subtle needs and observations from cultural and
social perspectives and raising awareness of the longevity coaching service to enhance
people’s understanding of their future holistic well-being by using tangible artifacts with
visuals and messages in the context of a longevity service.

Therefore, in the study, the conceptual D4L service considerations (Fig. 4) were
proposed to explore this complex, sensitive, and integral topic. By using visual and
tangible artifacts (LPBs) as assisting tools or creative props, the insights and learnings
were translated from participants’ verbal and behavioral data into many provocative
prototypes, compelling stories, intimate feelings, short-term plans, long-term goals, and
even strategic longevity planning actions.

Cultural and social contexts might directly or indirectly shape the content of longevity
coaching services and experiences. Participants’ nationality, language, ritual, behavior,
gender, age, value of money, and life expectations belong to the realm of culture and
society that could all contribute to and change the visions, approaches, designs, systems,
and impact of future longevity coaching services.

Additionally, observations, role-playing performances, interviews, and these multi-
faceted qualitative research approaches could help us identify more evidence that partic-
ipants’ domain knowledge, levels of financial literacy, diverse nationalities, and living
and working experiences can affect their ability to understand and articulate this new
concept of a longevity service. The human side was complex and affected the design
attributes of D4L services.
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Fig. 4. Proposed D4L service considerations presenting complex, diverse, and systemic contexts
and challenges in relation to applying visual, tangible, cultural, and social artifacts. The size of
the circles doesn’t represent the hierarchy or importance.

4 Discussion and Next Steps

Three discussions were highlighted to reflect this sensitive, personal topic: how to project
your future self and shape longevity services. The discussion not only addressed four
research questions but also included 1. How participants translated their ideas between
three different formats (verbal, visual, and tangible); 2. What the value of make-to-
think is; and 3. How we reconsider design solutions through the lens of individuals,
community, and society.

4.1 Translated Three Different Formats: Verbal, Visual, and Tangible

Based on in-person observation and four workshop video recordings, most participants
spent the first half of their time sparking ideas for brainstorming and ideations in co-
creation workshops. However, the accessible prototyping materials encouraged partici-
pants to draw and visualize their ideas from their verbal discussion to more visual and
tangible on paper. The “prototyping-friendly” environment also enabled them to turn
their two-dimensional ideas into three-dimensional objects.
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The translations between participants’ verbal to visual to tangible ideas were also
meaningful to observe and discuss. The extended design solutions for the future of
longevity coaching services could not only exist in verbal, visual, tangible, and more
flexible and interchangeable formats, but also strategically encompass participants’ back-
grounds, genders, ages, expertise, interests, incomes, education, financial literacy, and
many other factors.

4.2 Create and Explore the Value of Make-to-Think Spirit

When participants have accessible prototyping materials in front of them (five letter-size
white paper, Post-it notes, Sharpies, hot glue gun, scissors, double-sided tape, and glue),
it inspires them and enables them to “make to think.” Creating tactility can make idea
generation more fluent, concrete, and interactive, according to the fieldwork observations
and four workshop video recordings.

Once participants had made tangible objects and idea drawings, they started to build
upon each other’s ideas with more focused goals. It also created a positive and engaging
momentum to circulate these ideas with more constructive discussion. We observed that
this prototyping-friendly vibe had an impact on all four groups during the co-creation
experiments.

Further study can explore introducing the prototyping stage earlier to let participants
achieve more creative ideas and richer personal stories. Future studies can also investigate
which types of prototyping significantly impact the quality and quantity of ideas.

4.3 Consider Design Solutions Through Individual, Communal, and Social
Lenses

The concept of a longevity coaching service is innovative, complex, and full of business
potential in both expanding financial planning services and creating a whole new service.
In Study 1, four design solutions from co-creation workshops revealed the complexity
of building an effective, trusted, and delightful longevity coaching service.

The complexity of longevity planning services and systems arises not only from the
diverse array of key stakeholders involved but also due to the intricate interplay of an
individual’s educational background, aspirations, financial circumstances, family status,
cultural influences, and various other demographic factors.

In both Study 1 and 2, participants underscored the intricate challenges related to
longevity planning and design during discussions with a facilitator and researcher. For
instance, they highlighted factors such as individuals’ educational backgrounds, mobility
levels, and financial conditions, which significantly influence their ability to formulate
effective future aging-in-place plans.

Most participants’ initial ideas came from their life and work experiences. For exam-
ple, participants were asked to act as a longevity coach (a service provider) or a user
(a service recipient) in a role-playing exercise, which enabled them to consider more
comprehensive aspects (e.g., social, political, and cultural perspectives) of the possible
scenario. If played as a longevity coach, a participant needs to think of their user’s demo-
graphics, financial and family conditions, investable liquid income, monthly savings,
yearly income, and other personal information.
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In contrast, acting as a service recipient, a participant needed to think about the needs,
constraints, and areas of interest beyond financial planning. A few participants pro-
posed platform-level design solutions (e.g., how we establish a robust financial planning
system), but most considerations only stayed at the individual level.

For further study, the structure of a co-creation workshop can be designed to put
more emphasis on how we can shift the participants’ conversation from the desires
of individuals to the culture-shaping and system-building of communities. For instance,
how do we address the low financial and longevity literacy rate through transforming our
current education system, taking into account all that comes with that: students, faculty,
curriculum design, environment, longevity learning toolkit design for both educators
and students, and other learning resources.

Essentially, the generative design solutions—from personal needs to collective social
values—should be emphasized more. Ultimately, the aim is not only to improve people’s
quality of life, but also to promote a society with higher longevity literacy, longevity
strategies, and longevity planning.

5 Conclusion

In the 21st century, humans are witnessing a transformative revolution in technology,
science, and society. Advances in computational science, artificial intelligence (AlI),
digital transformations, experience-led products, and longevity economics are reshaping
how we live and what we value, especially as we face challenges like the energy crisis,
climate change, and demographic shifts resulting in a longer healthspan and lifespan
along with a low birth rate. The concept of Design for Longevity (D4L) could serve
as a useful approach to empower researchers, designers, and scientists to review our
existing systems sustainably and comprehensively. What’s more, it has greatly impacted
the researchers of this study in terms of focus, shifting from object-level problem-solving
to system-level cultural integrations [17].

Based on the four co-creation workshops and 12 semi-structured user interviews, the
preliminary result of this study demonstrated the opportunities of using visual and tan-
gible artifacts to assist in the creation of a holistic longevity coaching service integrating
cultural and social aspects of proposed D4L service considerations. In this study, we
used a traditional financial planning service and industry as a referencing experience to
shape a longevity coaching service, leveraging the value of visual and tangible artifacts
to discuss the importance of 1. Translation of ideas and visual concepts into tangible
prototypes through a participatory approach; 2. Demonstrating perceived advantages of
employing visuals and tangible artifacts to reframe and address challenges related to
longevity; 3. Identifying subtle needs and interpreting them through the cultural and
social perspectives of people; and 4. Utilizing tangible artifacts e.g., Longevity Planning
Blocks (LPBs) coupled with provocative questions, representative icons, and visuals,
to raise awareness of the longevity coaching service that enhances people’s literacy of
holistic well-being.



70 S.-H. Lee

Acknowledgments. This study is a component of the author’s doctoral research specifically
focused on Design for Longevity (D4L) service systems through the lens of visual, tactical,
cultural, and social artifacts. This research is generously sponsored by MIT AgeLab and MIT
Ideation Lab and is guided by the author’s Ph.D. committee affiliated with the Massachusetts
Institute of Technology (MIT): Professor Maria C. Yang, Dr. Joseph F. Coughlin, Professor Olivier
de Weck, Professor Eric Klopfer, and Professor John Ochsendorf. The author extends heartfelt
gratitude to Dr. Lisa D’ Ambrosio, Research Scientist at MIT AgeLab, and Professor Sofie Hodara,
Northeastern University College of Arts, Media, and Design, for their constructive comments
on an earlier version of the manuscript. Additionally, the author sincerely appreciated the great
contribution, invaluable feedback, and stories provided by 20 volunteer participants.

Disclosure of Interests. The author has no competing interests to declare that are relevant to the
content of this article.

References

1. Coughlin, J.F.: The Longevity Economy: Unlocking the World’s Fastest-Growing. PublicAf-
fairs, New York, NY, Most Misunderstood Market (2017)

2. Pine, B.J., Gilmore, J.H.: The Experience Economy, With a New Preface by the Authors: Com-
peting for Customer Time, Attention, and Money. Harvard Business Review Press, Boston,
Massachusetts (2020)

3. Lai, M., Huang, J.: X Thinking: Building Better Brands in the Age of Experience, X Thinking
Institute. Shanghai (2022)

4. Coughlin, J.F.: Disruptive demography: the new business of old age. In: Irving, P.H., Beamish,
R. (eds.) The Upside of Aging, pp. 51-62. Wiley, Hoboken (2014)

5. Lee, S.-H., Yang, M.C., De Weck, O.L., Lee, C., Coughlin, J.F., Klopfer, E.: Macro-trend
study under service system: preliminary research in service innovation and emerging tech-
nology. In: Hamid, U.Z.A., Suoheimo, M. (eds.) Service Design for Emerging Technologies
Product Development, pp. 45-72. Springer, Cham (2023). https://doi.org/10.1007/978-3-031-
29306-1_4

6. Lee, S.-H., De Weck, O.L., Yang, M.C., Coughlin, J.E.: The transformation of design platform
under system thinking. Int. J. Perfor. Arts Digital Media 19(3), 1-29 (2023). https://www.tan
dfonline.com/doi/full/10.1080/14794713.2023.2271820

7. WHO. Ageing and Health (2022). https://www.who.int/news-room/fact-sheets/detail/ageing-
and-health

8. Irving, P.H., ed.: The Upside of Aging: How Long Life Is Changing the World of Health,
Work, Innovation, Policy and Purpose. Wiley, Hoboken (2014)

9. Golden, S. Stage (Not Age).: How to Understand and Serve People over 60-the Fastest
Growing, Most Dynamic Market in the World, Harvard Business Review Press, Boston (2022)

10. Lee, S.-H., etal.: Designing healthcare services for longevity. In: Narratives of Love: Towards
Healing, Transformation, and Transcendence (2023)

11. Lee, S.-H., et al.: Co-create financial planning services for an aging population: designers’
perspectives. Proc. Des. Soc. 3, 947-956 (2023)

12. Lee, S.-H., etal.: Service design in action: transformation, consideration, and system thinking.
Proc. Des. Soc. 3, 3145-3154 (2023)

13. Atenao, E. M.: Famous Ordinary Things. Dabook, Lausanne (2017)

14. Fukasawa, N., Morrison, J.: Super Normal: Sensations of the Ordinary. Lars Miiller, Baden
(2007)


https://doi.org/10.1007/978-3-031-29306-1_4
https://www.tandfonline.com/doi/full/10.1080/14794713.2023.2271820
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Shaping a Longevity Service 71

Yanagi, M., Brase, M.: The Beauty of Everyday Things. Penguin Books, London (2018)
Turkle, S. (ed.): Evocative Objects: Things We Think With. MIT press, Cambridge, Mass
(2007)

Fuller, J. (ed.): Where Must Design Go Next? Oro Editions (2023)

Buchenau, M., Suri, J.F.: Experience prototyping. In: Proceedings of the 3rd Conference on
Designing Interactive Systems: Processes, Practices, Methods, and Techniques, pp. 424—433.
ACM, New York (2000)

IDEO, ed., Human Centered Design Toolkit, IDEO, San Francisco, Calif. (2011)

Brown, T., Katz, B.: Change by Design: How Design Thinking Transforms Organizations
and Inspires Innovation. Harper Business, New York (2009)

Can You Feel It? Effectuating Tactility and Print in the Contemporary, Onomatopee,
Eindhoven (2018)

Charters, E.: The use of think-aloud methods in qualitative research an introduction to think-
aloud methods. Brock Educ. J. 12(2) (2003)

van Someren, M.W., Barnard, Y.F., Sandberg, J.A.: The Think Aloud Method: A Practical
Guide to Modelling Cognitive Processes. Academic Press, London (1994)

Ericsson, K.A., Simon, H.A.: Verbal reports as data. Psychol. Rev. 87(3), 215-251 (1980)
Olson, G.M., Dufty, S.A., Mack, R.L.: Thinking-out-loud as a method for studying real-
time comprehension processes. In: Kieras, D.E., Just, M.A. (eds.) New Methods in Reading
Comprehension Research, pp. 253-286. Routledge, Abingdon (2018)

Vygotskij, L.S., Vygotskij, L.S.: Thought and Language. MIT Press, Cambridge, Mass (1985)
Eccles, D.W., Arsal, G.: The think aloud method: what is it and how do i use it? Qual. Res.
Sport Exerc. Health 9(4), 514 (2017)

Lee, S.-H., Coughlin, J.F., Yang, M.C., Balmuth, A., de Weck, O., Ochsendorf, J.: Design
Artifacts and Gaming Transform Financial Planning Services. Industrial Designers Society
of America, New York, NY, The Watering Hole (2023)

Lee, S.-H., Yang, M.C., Coughlin, J.E, Lee, C., Klopfer, E.: From Brainstorming to Bodys-
torming: Co-Creation Workshop Analysis Using Applied Video Ethnography. Industrial
Designers Society of America, New York, NY, The Watering Hole (2023)



q

Check for
updates

Room Acoustic Design for Open Plan Interior
in Dwelling House

Wei Lin!®, Chun-Pin Huangz, Fei-Ran Lu!, and Qing-Feng Lin!

1 School of Architecture, Feng Chia University, Taichung, Taiwan, R.O.C.
wlin@fcu.edu.tw
2 Yangger Interior Design Co., Ltd., Taipei, Taiwan, R.O.C.
tc@yangger.com

Abstract. Taiwanese dwelling house designs prioritize open space flexibility
while also addressing the high-quality sound field requirements, which can be
objectively simulated and verified post-construction. The living room, serving as
the primary area for leisure activities, is often adjacent to the dining area or oth-
ers. Ensuring optimal sound quality, necessitating control over sound reflection
volumes in both the living room and adjoining areas. Firstly it is achieved by
mitigating outdoor noise intrusion and minimizing indoor noise sources through
strategic room acoustic design approaches that integrate broadband absorptive
materials capable of effectively absorbing sound across various frequencies. Uti-
lizing computer predictions alongside corresponding material performance allows
for the reinforcement of sound magnitude while enhancing speech intelligibility
and hearing intimacy during the early stages of design. Overall, This study aims not
only to explore these issues but also to establish a sound environment conducive
to achieving a basic quality listening field.

Keywords: Open plan interior house - room acoustics - computer simulation -
sound field verification

1 Introductions

1.1 Research Background

Noise has been the world health organization is defined as one of the biggest environment
problem in [1], it can lead to cardiovascular disease, children’s cognitive dysfunction,
sleep disorders and annoyance. Noise causes sleep disturbances that lead to subsequent
cascading health problems such as obesity [2], diabetes, and cardiovascular disease [3].
Especially if the housing unit is located near the transportation network [4], such as
close to the vehicle road, rail system and airport area, it will be the main source of sound
pollution. In the city, there are other noise sources, including construction noise and
neighborhood living noise, especially during the COVID-19 lockdown in 2020, noise
complaints showed a 48% increase in the number of noise complaints compared to the
same period in London in spring 2019, more due to working from home, noise sources
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shifting to construction work noise (36%), and a significant increase in complaints about
neighborhood living noise (50%) [S]. Thanks to the COVID-19 pandemic, lockdown and
restrictions in many countries have reduced noise pollution levels. For example, after
two weeks of lockdown in Barcelona, Spain, noise pollution levels dropped by 11 dB
(A)(Lday) [6], the average reduction was 5.4 decibels (1Aeq) in London [7]. Despite the
decrease, London experienced a 47.5% increase in noise complaints during lockdown,
due to people working from home and staying longer, combined with a combination
of work accumulation and emotional frustration, making them more sensitive to nearby
outdoor noise [5]. As a source of outdoor noise penetrate into building envelope, windows
(such as openings) are one of the weakest elements, and only windows are the most cost-
effective solution to control the outdoor noise penetration. After the epidemic, people
prefer to do work and leisure at home because of the heightened awareness of public
health and the risk of upper respiratory tract infection that may be increased by engaging
in outdoor leisure activities. For the home space, the composite space combined with the
living room, dining room and kitchen space, combined with audio-visual perception, has
become a trend. Modern home space tends to be small space, generally less than 100 m?,
for the family to attach importance to the interaction with the family, making the open
space favored by more and more people, in the design of ingenious combination with
other spaces, not only has a visual extension effect, but also makes the space transparent
and bright. Based on the above description, Fig. 1 demonstrated a typical house prefers
to adopt an open design in the planning of entry way, dining, kitchen, living and study
room, so that the sense of lighting and space is more extended, and the middle island is
installed in the middle of the kitchen and dining room to increase its permeability and
openness with remote living and study space elastically.

Fig. 1. Typical open plan with a 100 m? dwelling house, the functional space was separately
brought into the room through the color notation, including the representative five locations of the
entry, dining, kitchen, living and study room, respectively.

Some researches discuss the configuration pattern of home kitchen space and adjacent
public areas (Dining room and living room), summarizes the corresponding relationship
between modern kitchen and interior space through spatial mapping of various cases,
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provides interior designers with reference indicators for interior space design when plan-
ning kitchen and adjacent space, and completes the combination of customized dining
room, kitchen and living room [8]. Opposite the configuration of the space set; the living
room still plays a master role in con-ducting family members to do leisure activities
with adjacent dining space. Considering the sound quality and speech intelligibility, the
volume of sound reflection will not only be restrained in the living room, but the other
volumes with dining and kitchen parts may continue to connect with coupled effects.
Engaging in cognitive use from the perspective of different family members, ironically,
the main benefits of a shared work environment and ease of interaction actually become
the source of the problem. This study will not first explore this issue, but to provide
a sound environment to achieve basic quality listening field. Audiovisual equipment
currently combines 5.1 channels or 7.2 channels with home theater speaker hearing
equipment. To be able to hear the high-quality sound, outdoor noise must be shielded
and indoor noise sources must be eliminated, and then room acoustic design strategies
were proposed which included indoor absorptive material with broadband. When sound
waves strike an object’s surface at an angle, they are reflected at the same angle. This
reflection effect is similar to seeing a mirror image, and it results in specular reflections
occurring [9]. A textured and decorated surface that reflects acoustic energy causes the
sound to scatter in different directions, reducing its intensity. This is known as diffuse
reflection [10, 11]. The natural sound field is subject to various physical limitations, such
as the size of the space and the distance from the sound source. In large hall spaces, it
can be challenging to achieve optimal sound quality without the use of amplification.
To address this, sound amplification technology is utilized to enhance the sound quality,
ensuring that the audience can hear every note and nuance of the performance. The use
of loudspeaker equipment is critical during performances, allowing for the adjustment
of sound characteristics, the balance of parts, and sufficient volume. These adjustments
help to create a more immersive and enjoyable experience for the audience while ensur-
ing that every part of the performance is heard clearly. Furthermore, this technology
allows for recordings to be reproduced with high fidelity in other spaces. The sound
amplification and loudspeaker equipment can be adjusted to suit the characteristics of
the recording space, ensuring that the listener hears the performance as intended. Overall,
sound amplification technology and loudspeaker equipment play a vital role in enhanc-
ing the quality of live performances and reproducing them with high fidelity in other
spaces. The interior space radiation affects the way sound travels by causing a series
of reflections. When sound travels, it is mainly distributed through direct sound and
reflected sound. The volume of sound will not decrease significantly except for when
there is a distance between the source of the sound and the listener. The way sound is
distributed is also related to the size of the space. To fully comprehend the complex inter-
play between the initial reflections and the direct sound, it is essential to delve deeper
into the intricate details. The late energy response, which captures the arrival time and
acoustic energy of the direct sound, along with the subsequent reflections, plays a crucial
role in shaping the overall sonic character of any given space. Therefore, it is imperative
to gain a comprehensive understanding of this relationship to accurately analyze and
manipulate sound in any acoustic environment [12]. The ideal amount of reverberation
time (RT) for a room is determined by its volume. It is recommended that the RT be
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planned accordingly to ensure optimal sound quality. In order to regulate the acoustical
parameters of a room, such as RT30, C80, D50, Ts, and EDT, it is important to mea-
sure them as physical quantities. These parameters are regulated based on the impulse
response of an international standard ISO 3382, as specified by Bradley in 2004. The
impulse response is a measurement of how a room responds to a sound wave, and it
is used to determine the acoustical properties of the room. By measuring the impulse
response of a room and comparing it to the international standard, one can ensure that
the room is acoustically optimized for its intended purpose [13]. Additionally, many
dwelling houses have a middle island that is installed in the kitchen and dining areas
for increased permeability and flexibility in the living and study areas. The living room
is the main area for leisure activities and is typically adjacent to the dining area. To
ensure good sound quality and speech intelligibility, it is important to control the vol-
ume of sound reflection in the living room and other adjoining areas. This is achieved
by blocking outdoor noise and minimizing indoor noise sources, room acoustic design
strategies are used to ensure high-quality sound in the space. By using these materials,
sound reflections can be reinforced, and speech intelligibility can be improved.

1.2 Research Purposes

Dwelling houses in Taiwan typically have a design that prioritizes open spaces for
the entryway, dining, kitchen, living room, and study areas. This design allows for an
extended sense of lighting and space throughout the home. Additionally, many dwelling
houses have a middle island that is installed in the kitchen and dining areas for increased
permeability and flexibility in the living and study areas. The living room is the main
area for leisure activities and is typically adjacent to the dining area. To ensure good
sound quality and speech intelligibility, it is important to control the volume of sound
reflection in the living room and other adjoining areas. This is achieved by blocking
outdoor noise and minimizing indoor noise sources, room acoustic design strategies are
used to ensure high-quality sound in the space. For instance, indoor absorptive materials
with broadband are often used to absorb sound waves of different frequencies. By using
these materials, sound reflections can be reinforced, and speech intelligibility can be
improved. Overall, the design of houses in Taiwan prioritizes open space and flexibility
while also considering the quality of the sound field. The four objectives of this research
are as follows: 1. Taiwanese dwelling houses are designed with a strong emphasis on open
space and flexibility. 2. Achieve unparalleled sound quality with advanced technology
that proofs outdoor noise and facilitate indoor sound absorption, resulting in a truly
immersive listening experience. 3. The living room is the primary space for leisure
activities, and its acoustics are optimized for using with reinforcement sound system.
4. Dwelling houses in Taiwan are designed to meet acoustical standards of comfort and
quality, with careful attention paid to noise control and acoustical design.
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2 Project Practices

2.1 The Design Implement

This study aims to improve the quality of sound in residential spaces, with a specific focus
on noise control and background noise. The goal is to create a pleasant and comfortable
sound field indoors. The study looks at how interior design projects can help achieve this
goal through collaboration with homeowners. The impact of noise disturbances on our
lives cannot be underestimated, as studies have consistently shown that they have arange
of negative effects. These include a reduction in the quality of our sleep, a decrease in
our ability to be productive at work, and a decline in our overall mental well-being. Such
findings have been repeatedly documented in research literature, highlighting the need
for effective measures to mitigate the adverse effects of noise pollution. The ultimate
aim of undertaking noise control and interior decoration turnkey projects is to deliver
a tranquil and luxurious living experience that exceeds all expectations. By eliminating
disruptive noises and incorporating aesthetically design elements, the resulting living
space will provide a serene atmosphere that promotes a ideal and peaceful lifestyle. This
approach is focused on delivering a dwelling house environment that is not only visually
appealing but also creates a sensation of relaxation while satisfying the highest standards
of quality of living. The study thoroughly analyzes multiple acoustical issues and budget
constraints, and provides a clear and definitive directional reference for subsequent
design decisions. The numerical calculation and computer simulation evaluations are
meticulously scrutinized to ensure precise and accurate results. Furthermore, the study
offers practical and feasible solutions for optimizing the acoustic plant in the living
space, ensuring a high-quality sound experience for all.

2.2 Indoor Sound Environment

The study object is indisputably located on the 7th floor of a residential building in
the Nei-Hu District of Taipei. The surrounding area is significantly impacted by noise
pollution, emanating primarily from the following three noise sources: (1). Traffic noise
refers to the sound produced by vehicles moving on aroad. (2). It’s important to note that
this project is situated right next to Songshan Domestic Airport, which means that it is
highly to be affected by noise from aircraft during takeoff and landing. (3). Sounds from
nearby construction activity or other building facilities. The ongoing study project is
dedicated to creating a design that emphasizes open space and flexibility. The entryways
are designed to provide a grand welcome, with ample space for guests to move freely. The
dining area is spacious enough to accommodate a large family. The kitchen is designed
to be open and airy, with plenty of counter space and storage for all needs. The living
room is a generously sized area that creates a cozy and comfortable space for family
time. The plane configuration design is shown in Fig. 2.

Typically have a design that prioritizes open spaces for the entryway, dining, kitchen,
living room, and adjacent toilet areas. The research exclusively focused on the open plan
area highlighted with red color blocks. The primary objective was to optimize sound
quality by facilitating absorption. The sound field area spans 150 m?, and its volume is
350 m3, which effectively contributes to achieving the appropriate reverberation time for
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Fig. 2. Figure is the interior design diagram of the plan configuration. The sound field evaluation
of the open plan includes the living room, dining room, kitchen and adjacent toilet and guest space.
The indoor sound field evaluation is the area marked with red color blocks.

the living area. Determining the appropriate reverberation time for a room is crucial for
achieving the desired sound quality. This time is determined by the room’s volume and
finishes, but what really matters is the intended use of the room. While lively and active
areas may prefer a longer reverberation time, other spaces that require clear speech and
comfortable sound demand shorter reverberation times. Follow the guidelines below
to determine the optimal reverberation time for your room and use proper acoustical
design to achieve it with confidence. The criteria of reverberation time is set as 0.45 s at
middle frequency. The reverberation time criteria, which is the time required for sound
to decay in a room, has been specifically set to 0.45 s for the middle frequency. This
means that any sound produced in the room will take 0.45 s to decay to 60 dB at the
middle frequency.

2.3 Sound Absorption Usage

In order to ensure optimal sound quality, the open plan has been designed with utmost
care and attention. To avoid acoustic obstacles in a sound field, such as echoes and total
harmonic standing wave effects, it is imperative to arrange the layout of the room’s fur-
niture and materials to guarantee an even distribution of sound absorption effects when
installing acoustic panels on the ceiling and walls. The living, dining, and listening
areas are equipped with sound-absorbing materials that have been carefully selected for
their superior sound-absorbing properties installation locations have been strategically
chosen to maximize the effectiveness of the sound-absorbing materials. It’s essential
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to consider the appearance of sound-absorbing materials. By combining them with the
interior design shape, you can ensure that long-term durability and high acoustic perfor-
mance are achieved. This approach not only enhances the overall quality of the space
but also provides a comfortable and welcoming environment for those who will use
it. Therefore, it is highly recommended to prioritize this aspect of planning to create
a successful and effective space. Sound absorption materials were deliberately chosen
a 15 mm wooden microporous panel and a 9mm calcium silicate microporous panel
to achieve optimal sound absorption, thereby improving the acoustic performance of
the interior space. This creates an environment that is perfectly suited for speech and
music listening clarity. The sound absorption coefficient of these materials have been
rigorously tested and conforms to the results documented in ISO354 test report. The
average sound absorption coefficient is above 0.76, thus ensuring that our solution is
highly effective. With its 9 mm calcium silicate construction, the microporous panel
can confidently cover an area of 49 m? while modeling the ceiling surface. The design
is expertly crafted to meet the owner’s preferences, and the sound field design ensures
complete homogeneity (Fig. 3).

Fig. 3. The ceiling is designed with a curved surface and the 9mm calcium silicate microporous
panel covers a total area of 49 m2. This design is visually and acoustically pleasing. Ceiling
construction on the right side of the picture.

3 Objective Evaluation

3.1 Computer Simulation

Indoor sound field performance planning requires a thorough understanding of sound
energy and its distribution. By confirming the independence and correlation of acous-
tic parameters, we can determine the objective of this planning with greater certainty.
Therefore, it is crucial to consider sound energy when adjusting indoor spaces. Computer
simulations offer an array of evaluation techniques, specifically designed to analyze the
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effectiveness of indoor sound insulation in various locations. These techniques have been
developed to provide the most accurate results, ensuring that be able to make informed
decisions about the soundproofing needs. After the verification measurement is com-
pleted, the physical properties in real time are collected through objective testing, and
the corresponding relationship between objective physical measurements is explored.
At this stage, computer simulation is used to predict and evaluate the indoor sound field
model and sound insulation performance. With the continuous advancement of software
and hardware technology, the computer simulation software for hall sound quality has
matured and is now widely used in research on sound quality design and evaluation
of sound field characteristics in halls. According to the principle of geometric acous-
tics, the indoor sound field is simulated by computer, and the actual room is built to
simulate the propagation law of sound wave in the room. In order to reduce the time
required for computer simulation to generate sound energy distribution, a measurement
based rendering software was developed. ODEON software is used to analyze the actual
measurement and draw the distribution map of sound energy. It has a trend prediction
function in research projects, especially when the sound source is stable, such as a fixed
sound source (P1) like a home theater speaker position, and measurement of multiple
points (1, 2, and 3) (Fig. 4).

[l
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J

Fig. 4. Odeon computer simulation software sets the sound source (P1 is the location of the
speaker for home theater set) and the sound field of three measurement points (1, 2 and 3).

3.2 Field Verification

The filed verification are performed after the completion of indoor acoustics, the main
evaluation items include indoor environment sound, background with HVAC system,
sound insulation performance of entrance, and reverberation time. For room acousti-
cal verification of measurement, several important considerations are necessary: indoor
environment sound analyze the distribution of sound pressure levels across different loca-
tions within the room to identify variations and optimize acoustics, background noise
levels to assess their impact on the overall acoustical environment and identify potential
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sources of interference, sound proof, Assess the ability of building materials and struc-
tures to block the transmission of sound across various frequencies, measured in Dntw
ratings, reverberation time in a room to determine its acoustic properties and suitability
for various applications. The indoor environment is based on measurement results with
the equivalent average volume LAeq (dB) as the evaluation index and the A-weighted
noise intermittently exposed in a certain period of time in the selected position in the
sound field are averaged by the energy. The parameter index formula is shown in Eq. 1.
The acceptance work has been completed and carried out, the project and performance
standards, the range of measurement, as shown in Table 1.

t+T Pt 2

1
LAeq = IOlogT/ (ﬁ) dt @))

t
LAeq: A-weighted average energy level dB (A) in period time;
T: measurement time in seconds;

Pt: measure sound pressure in Pa;

PO: reference sound pressure, based on 20 pPa.

Table 1. Conditions of acoustic measurement and performance criteria standard.

Measurement items Measurement conditions Performance standards
Indoor environment sound Window open <LAeq 55 (dB)
Window close <LAeq 50 (dB)
Background noise level HAVC on <NC45
HVAC off <NC40
Sound proof of entrance door | 1.5 m away from entrance door >Dnt, w = 35 (dB)
Reverberation time Measurements at open plan areas | SRT =0.55's

3.3 Sound Proof Exterior

The building structure reduces the noise interference between conjunction indoor rooms
through the performance of sound insulation. There are many reasons for the treatment
of the indoor acoustic environment, including adjacent space and outdoor air noise and
noise vibration generated by the equipment. Noise is introduced which is penetrated
into the room through building doors, windows, walls, and floors, and the vibration of
building internal equipment and indoor activities of residents constitute the increase of
environmental noise, which has become one of the reasons for disturbing life and affect-
ing environmental quality. The existing standards and specifications for sound insulation
aim to strengthen the whole system of sound insulation, not to regulate individual com-
ponents or materials, reduce the disturbance and influence of residents’ living sound
independently, and improve the quality of the quiet environment of the residential area.
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Air insulation design and floor impact insulation design, according to the code has its
scope of application. 150 mm thick reinforced concrete walls were used for the interior
space in Taiwan; Surface cement mortar paint, the field sound insulation grade can reach
more than 42 dB, has good sound insulation performance, the glass sound insulation
performance specification standard is also more than 36 dB, can provide professional
manufacturers in the development of materials in the process of benchmark reference.
As long as the mass per unit area (m) and the Modulus of Elasticity (E) of the panel
are known, the sound transmission through a single-layer plate can be approximated to
a good accuracy. At low and mid frequency bands, the Acoustic transmission loss (TL)
is calculated according to the mass law [11, 12]. The prediction formula is shown in
Eq. 2 and Eq. 3, Eq. 4 is addressed for building element (Door) insulation performance,
DnTw.
The prediction formula is shown in Eg. 2.

TL = 20 log (mf) — 48 dB (2

At high frequencies, the coincidence effect weakens the acoustic transmission, and
the transmission loss is given by Eg. 3

TL = 20 log (mf) + 10 log (f/fc) — 44 dB 3)

The field measurement of sound insulation performance is based on the background
noise correction of the receiving room, and the sound field transmission loss of the sound
insulation performance of building components is based on the specification formula of
CNS8465-1 as explained in Eq. (4).

DnT,w =D + 10 log (T/T0) dB “)

4 Results

4.1 Computer Simulation

This study attempts the dwelling house under the guidance of objective measurements
which include simulation in design phase and field verification, interior designers can
understand the nature of interior sound field and effectively engage to support the design
plan systematically. Differ from the indoor sound field discussion, the paper proposes a
kind of solution to issues, which will bring out a jade effect for interior designers engaged
in the field of specialized indoor sound study. Odeon simulation was development by
DTU and main algorithms were constructed based on ray tracing and image source
modelling. In 1984, ray-tracking algorithms were discussed, An improved hybrid model
combining ray tracing and image source methods was proposed in 1990, followed two
years later by a secondary source method. Later, in 1995, a more efficient ray-tracing
method based on vector scattering was implemented. A special application of ray tracing
is a particle tracking, which means that the radiation is considered to be sound energy
carrier of the plaques, along the ray to sound velocity spread around the room, after
each reflection, based on the absorption characteristics of the surface energy decreases.
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All the total energy of the particle can be displayed as a function of time, this is the
global attenuation function of the room can calculate the quite accurate reverberation
time estimates. This approach takes into account the location of the source, the location
of the absorbing material in the room, and the degree of scattering, that is, the lack of
diffusion in the room. However, there is no receiver; Calculate the volume of energy
attenuation. This method was introduced in ODEON in 1995 along with vector-based
scattering. In an empirical case, a fixed sound source (S1), such as a home theater speaker
position, and a receiving point for a multi-point (R1, R2, R3) sound field measurement
are set up, especially when the location of the sound source is known and the directivity
is confirmed, total energy of the particle can be displayed as a function of time was
performed in Fig. 5.
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Fig. 5. All the total energy of the particle can be displayed as a function of time, this is the global
attenuation function of the room calculation.

For predicting the reverberation time (RT) using computer simulations, accurate
predictions of reverberation time can be obtained, aiding in the design and optimization
of acoustically sound environments. Accurate room dimensions and geometry into the
simulation software to reflect the actual physical space being analyzed. Incorporate data
on the surface materials present with design in the room, along with their corresponding
absorption coefficients, to accurately model sound absorption and reflection proper-
ties. Specify the locations of sound sources and receivers within the room to simulate
sound propagation paths and calculate reverberation time at various points. Consider
the frequency-dependent absorption properties of materials in the room to account for
variations in reverberation time across different frequency bands. However, this time
may not account for the presence of furniture, occupants, and other objects in the room
that may affect sound absorption and reflection properties. Table 2 and Fig. 6 addressed
simulation result of reverberation time which show that the average value of the middle
frequency band (500 Hz, 1000 Hz) is 0.44 s and 0.43s , separately.
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Table 2. Simulation results of RT(s) at middle frequency (500 Hz and 1000 Hz)

RT
(s )Meas-
ure'ment 500Hz 1000Hz Distribution of sound sc?urce
points / and measurement points
middle at
frequency
R1 0.41s 0.40s /
; wi
R2 0.42s 0.46s T T, [L o |
@«
R3 0.48s 0.47s ;,I o °
Average 0.44s 0.43s
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Fig. 6. Statistic results of Odeon calculation results at 1/1 octave (63-8 KHz) broad band

4.2 Field Verification

Ensure that room acoustics comply with relevant standards, applicable to the specific use
of the space, such as ISO standards or CNS. Assess the reverberation time to understand
the sound decay characteristics within the room, ensuring it aligns with the intended pur-
pose of the space. Evaluate the distribution of sound reflections and absorption within the
room to optimize acoustics and minimize room echoes and reverberations. Background
noise levels with HVAC to ensure they are within acceptable limits and do not inter-
fere with intended activities or occupant comfort. Bedside the above the measurements
parameters, effectiveness of sound isolation measures to prevent sound transmission
between adjacent spaces and minimize noise leakage. Reverberation time (s) measure-
ments are used as an evaluation correction of the equivalent acoustic absorption area
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of the receiving chamber and are calculated as twice the elapsed time after attenuation
regression from the first 5 to 35 dB of the attenuation curve. Refer to ISO 3382 (Mea-
sure of the reverberation time of rooms with reference to other acoustical parameters),
through the pulse signal generation, the sound energy will be sent out the test signal,
1/2 “measurement microphone, the received signal back to the workstation for calcula-
tion. The measuring equipment and process shall comply with ISO3382 measurement
specification, including a sound source generator or other measuring device that can
measure T30 from 100 Hz to 3150 Hz frequency band, the measurement system adopts
equipment systems such as B&K 2755-A, 4292-1L.-001 and Type-4966 for collection, as
shown in Fig. 7. The signal to noise ratio of the above INR values must be greater than
35 dB or 45 dB to confirm the accuracy of determining the reverberation time (T30)
and the correct interpretation of the measuring system and impulse response. On-site
measurement of reverberation time T30 which show that the average value of the middle
frequency band (500 Hz, 1000 Hz) is 0.42 s and 0.47 s, separately.

500 1000 [ms]

=Untied-5
Impulse Respanse - Allpass Hz

Fig. 7. Thereverberation time T30 measuring system was collected by B&K 2755-A,4292-L-001
and Type-4966 measurement instrument

It has a trend prediction function indoor, especially when the sound source is from
outside of dwelling house, such as noise source alone street and (fixed and moveable
sound, such as vehicle and mechanical sound). Measurement results with the equivalent
average volume LAeq (dB) as the evaluation index and the A-weighted noise intermit-
tently exposed in a certain period of time in the selected position in the sound field,
are averaged by the energy. In the indoor environment, the LAeq (dB) value of sound
energy is measured after the window is opened and the adjacent window faces the out-
doors. B&K 2250 real-time analyzer was used for the measurement and 49.4 dB(A),
measurement result is shown as a Fig. 8.

By adhering to these important considerations during on-site NC measurement of
HVAC systems, considering factors such as proximity to HVAC equipment, occupant
areas, and potential sources of noise interference. Measure noise levels under various
operating conditions and modes of the HVAC system, including startup, normal opera-
tion, and shutdown, to capture the full range of noise emissions. The results of on-site
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Fig. 8. B&K 2250 real-time analyzer was used for measurement and average of sound level is
49.4 dB(A).

noise criteria (NC) measurement of HVAC systems normally operated was performed
as 55.5 dB which is approximately equivalent to NC48, sound magnitude of each board
band was shown in Fig. 9.
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Fig. 9. B&K 2250 real-time analyzer was used for measurement and average of sound level
55.5dB.

The entrance door with entry hall is considered for air sound insulation, and the
measured content conforms to the sound insulation performance specification ISO140-
4_6.2~6.3, and the declared value of ISO 717-1. The overall sound insulation perfor-
mance (DnT,w) of the entrance door may exceed 35 dB, the distribution of measuring
equipment and measuring points is described as follows; The sound insulation perfor-
mance of the building construction door was measured by B&K 2250 real-time analyzer
(noise meter) (sound pressure meter in accordance with IEC6167-2 typel class), and
the test sound source was pink noise. According to the sound insulation performance
specification 140-4_part 4, it meets the requirements of the sound source point and the
receiving point. Constructed in the adjacent chamber volume space, with a large vol-
ume space as the sound source room, the frequency spectrum of the sound source room
(100 Hz-3150 Hz) in the adjacent third octave band between the step difference shall not
be greater than 6 dB. Configure an active speaker equipment system as a single sound



86 W. Lin et al.

source. The receiving point is a mobile microphone, the measuring point is 1.2 m high,
the measurement time of each point is 30 s, and the sound pressure level of 1/3 of the
30-s integral of each point is 100-3150 kHz. Figure 10 addressed sound proof of door
verification which show that the average parameter value (DnT,w) = 35 dB between the
sound source side and the sound receiving side.
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Fig. 10. Sound insulation performance of the door sound insulation parameter value (DnT,w) =
35 dB between the sound source side and the sound receiving side.

5 Discussion

The design of dwelling houses in Taiwan typically emphasizes open spaces to create
a sense of extended lighting and spaciousness throughout the home. Moreover, many
dwellings feature a middle island installed in the kitchen and dining areas to enhance
permeability and flexibility in the living and study spaces. The living room serves as
the primary area for leisure activities and is usually adjacent to the dining area. To
ensure optimal sound quality and speech intelligibility, it is crucial to control sound
reflection volumes in both the living room and adjoining areas. Primary task may be
achieved by mitigating outdoor noise intrusion and minimizing indoor noise sources
through strategic room acoustic design approaches that incorporate broadband absorptive
materials capable of effectively absorbing sound with various frequencies. By utilizing
the computer prediction with corresponding materials performance, sound magnitude
can be reinforced while improving speech intelligibility and hearing intimacy at earlier
stage. Overall, house designs in Taiwan prioritize open space and flexibility while also
considering high-quality sound field requirements may approve through the objective
simulation and verification after construction. This study will not first explore this issue,
but to provide a sound environment to achieve basic quality listening field.
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Abstract. This study is dedicated to creating a cross-cultural interactive virtual
space aimed at individuals aged 18 to 25, with the goal of fostering deeper cul-
tural understanding and interaction through unique regional cultural elements
and virtual simulation technology. As globalization accelerates, virtual spaces
have become a crucial platform for cross-cultural communication, yet they also
present challenges such as cultural misunderstandings and superficial interac-
tions. Through literature review, survey research, and initial user testing, this
study explores how to enhance user interactivity and immersion using Virtual
Reality (VR) and Augmented Reality (AR) technologies, and assesses the cul-
tural acceptance and interactive behaviors of young people from various cultural
backgrounds. Findings indicate that young individuals show significant interest
in cultural exchange and social functionalities within virtual spaces, particularly
within gaming and modern-style environments. However, there are discrepan-
cies in the understanding of cultural symbols, highlighting the need for greater
emphasis on cultural education and user experience in the design of cross-cultural
virtual spaces. Additionally, participants prefer using lightweight and accessi-
ble devices, such as smartphones and computers, over VR headsets. The study
suggests that the design of cross-cultural virtual spaces should delve into young
people’s cultural preferences and technology acceptance, offering diverse commu-
nication methods and rich cultural educational content. Furthermore, technology
development should focus on enhancing user experience to make cross-cultural
virtual spaces more inclusive and appealing to young users. The limitations of this
study include its sample range and data collection methods, indicating the need
for future research to encompass a broader sample and diverse data collection
techniques. The findings provide new insights for virtual space design, aiming to
facilitate cultural understanding and communication among young adults globally
through technological innovation.
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Designing Virtual Spaces for Cross-Cultural Engagement 89
1 Introduction

1.1 Background

As globalization accelerates, communication between different cultures becomes partic-
ularly important. The rapid development of internet technology and virtual reality plays
a crucial role in eliminating geographical boundaries and promoting instant interaction
and sharing. However, this progress also introduces new challenges, including cultural
misunderstandings and impacts on deep cultural exchanges. While social media plat-
forms like Weibo, Instagram, and TikTok play significant roles in global information
dissemination, the phenomenon of “cultural fast food” and superficial communication
methods on these platforms raise concerns about the depth of cultural understanding
and authentic communication. Moreover, although virtual reality technology offers the
potential for immersive cultural experiences, its popularity among young people is lim-
ited by costs and device comfort. This study aims to explore how to overcome these
challenges by designing a future-themed cross-cultural interactive virtual space, inte-
grating unique regional cultural elements, and promoting communication and interaction
among young adults through virtual simulation devices. Through literature review and
preliminary surveys, this study has collected and analyzed iconic cultural elements from
East Asian regions, assessed the appeal of different visual elements to a diverse group
of young people, aiming to enhance the efficiency and depth of cross-cultural commu-
nication by designing architectural spaces with communication functions. Preliminary
research results show that participants displayed significant interest in such futuristic vir-
tual environments, despite biases in interpreting cultural symbols, which did not hinder
the smoothness of communication and overall satisfaction. These findings highlight the
importance of correctly expressing and understanding multicultural elements in virtual
spaces, providing new directions for future research.

1.2 Research Objectives and Significance

Research Objectives. The aim of this study is to design and implement a cross-cultural
interactive virtual space targeted at young adults aged 18 to 25, with a particular empha-
sis on integrating regional cultural elements to foster deeper cultural understanding
and communication. By incorporating the latest virtual simulation technologies, this
study not only explores innovative methods of communication but also aims to assess
the impact of these methods on cross-cultural understanding and interaction. The core

objectives of the research include:
Analyzing the challenges and opportunities of current cross-cultural communica-

tion: Through literature review and empirical research, evaluate the challenges faced
and opportunities provided by internet technology and virtual reality technology in
facilitating communication between different cultures.

Designing a future-themed cross-cultural interactive virtual space: Utilizing selected
regional cultural elements to create a virtual environment that not only attracts young
people’s participation but also promotes deep cultural exchanges.

Assessing the role of virtual spaces in promoting cross-cultural understanding: Col-
lecting preliminary feedback from participants on their experiences in the virtual space
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through surveys, with a special focus on their understanding of cultural elements, the
smoothness of interaction, and overall satisfaction.

Proposing new models and strategies for cross-cultural communication: Based on
the findings, discussing how technological innovations can enhance the effectiveness
and inclusiveness of cross-cultural communication.

Significance. The significance of this research lies in providing a new perspective for
understanding and improving how people from different cultural backgrounds commu-
nicate and interact in virtual spaces. As globalization progresses, cross-cultural commu-
nication becomes increasingly important yet more complex. By constructing a cross-
cultural virtual communication space specifically designed for young adults, this study
not only helps to promote understanding and respect between different cultures but also
provides new solutions for modern challenges such as the cultural fast-food phenomenon

and cultural misinterpretation.
Furthermore, the outcomes of this research hold significant implications for both

academic and practical fields. For academia, it enriches the theoretical foundations of
cross-cultural communication and the use of virtual reality technology, offering new
data from empirical research. For the practical field, especially in education, cultural
exchange, and technology development, the design principles and strategies proposed
by this study can guide the development of more effective tools and platforms for cross-
cultural communication.

2 Literature Review and Related Work

2.1 Exploration and Challenges in the Design of Cross-Cultural Virtual Spaces

In a globalized society, virtual spaces have become an important platform for cross-
cultural communication. Designers apply cross-cultural theories, such as Hofstede’s
cultural dimensions theory, Hall’s high-context and low-context cultural theory [1], the
SMCR communication model [2], embodied cognition’s “4E” approach [3], and Lefeb-
vre’s spatial theory [4], to explore ways of integrating diverse cultural elements such
as painting [5], ceramics [6], and Peking opera masks [7] into virtual design. Simul-
taneously, with the development of augmented reality (AR) and virtual reality (VR)
technologies, researchers are investigating how these technologies can enhance user
interactivity and immersive experiences. Currently, designers frequently use 3Dmax
[8] for model construction, and implement interaction design with devices like Arduino,
Track IR [9], HTC VIVE, Leap Motion, combined with the Unity3D engine [10]. Virtual
space design also incorporates multi-dimensional analysis centered on user experience,
emphasizing the importance of sensory, emotional, and interaction experiences [11, 12].
However, further research is needed to deepen the understanding of the needs of users
from different cultural backgrounds and to enhance their sense of immersion. Designers
are exploring the application of different space designs from a cross-cultural perspec-
tive, such as exhibition design [13], dining space design [14], concept bookstore design
[15], campus space design [16], and luxury brand stores [17]. The challenge lies in how
to effectively integrate cross-cultural theories with technological innovations to create
more inclusive and interactive virtual spaces. The Importance of Spatial Cognition in
Environmental Design.
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2.2 The Application of Virtual Reality in Cross-Cultural Communication
and Education

Virtual reality technology has demonstrated its new potential in the fields of social
interaction and education during the pandemic. For example, the Virtual Burning Man
Festival [18] held online in 2021 provided a low-risk social platform for users. Origi-
nally an offline event held in the desert, where participants would create large public art
installations and conclude with a burning ceremony, the pandemic made such gather-
ings impossible. Consequently, the organizers of Burning Man turned to virtual design,
creating a large virtual space for people to experience. Studies have shown that VR
technology can effectively serve as a tool for remote communication and large-scale
project management. For instance, research by Ali Abbas et al. [19] indicates that with
precise spatial quantification through BIM software, VR technology can act as a sup-
plementary means of communication, assisting in the better management of large-scale
global projects and facilitating real-time connections between participants from afar.
In the realm of cross-cultural education, VR technology has been proven to help pro-
mote the development of cross-cultural knowledge, attitudes, and beliefs. Research by
Berti et al. [20] revealed that language learners’ perceptions of foreign cultures and
their attitudes towards the use of virtual reality can change through VR experiences.
An experiment involving undergraduate students enrolled in a basic Italian language
course allowed them to explore typical Italian settings using smartphones, earphones,
and Google Cardboard, enabling learners to uncover new cultural layers missing from
traditional teaching materials, thereby enhancing their understanding and cognition of
foreign cultures (Fig. 1).

Fig. 1. Virtual Burning Man Festival. Source: https://virtualburn.burningman.org/booth/

2.3 Cultural Acceptance and Interactive Behavior of Young Adults

Researchers have shown great interest in the effectiveness and acceptance of virtual sim-
ulation technology across different domains. The Technology Acceptance Model (TAM)
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has been widely used to evaluate the effectiveness and user-friendliness of virtual simu-
lation technologies. Specifically, researchers have investigated the application of virtual
simulation technology in fields such as tourism planning [21], sporting events [22],
and luxury retail [23]. Xuili Zhu [24] believes that enhancing the cultural acceptance
among young people requires widespread promotion and dissemination from within and
beyond, which could be achieved through combining exhibitions with events, enhancing
the training of technical talents, expanding the mass base of intangible cultural heritage,
and promoting it internationally, and relying on ancient buildings to create intangible
cultural heritage tourism routes and characteristic towns for heritage conservation. More-
over, Jung Hyo Lee [25] has expanded the original TAM by emphasizing the importance
of perceived enjoyment, social interaction, and the intensity of social connections for
young users’ acceptance of virtual simulation technologies. This indicates that virtual
simulation technology is not only a tool but also an effective platform for enhancing user
experience and promoting social interaction. However, critical commentary points out
that although technologies such as 360-degree real-scene virtual simulation can improve
learners’ sense of presence and immersive experience, as demonstrated by Shadiev et al.
[26], the effectiveness of this technology may vary across different cultural backgrounds.
Young people lacking in cultural background knowledge may have misunderstandings
about other cultures, and reliance solely on technology cannot fully resolve these cultural
misunderstandings. Therefore, virtual simulation technology still needs to be combined
with in-depth cultural education and interaction to increase young people’s awareness
and interest in different cultures. Ghanbarzadeh et al. [27] have tested Second Life among
higher education users, pointing out that the design of virtual learning environments
needs to be user-friendly and appealing, as well as realistic to increase student engage-
ment and learning outcomes. This highlights the aesthetic and practical factors that need
to be considered in the design and development of virtual simulation environments.

In the application of virtual simulation technology, the cultural acceptance and inter-
active behavior of young adults are complex and multidimensional. While existing
research has demonstrated the potential of virtual simulation technology in enhanc-
ing user experience and promoting social interaction, it also reveals limitations and
challenges in cultural education and communication. Therefore, future development
and application of virtual simulation technology need to focus more on the deep inte-
gration of cultural content and personalized experiences, as well as providing more
diverse and interactive learning environments. In this way, the cultural acceptance of
young adults can be effectively enhanced, promoting understanding and communication
between different cultural backgrounds.

2.4 Cultural Symbols and High-Low Context Virtual Spaces

In the context of globalization, the application of cultural symbols and high-low context
in virtual space design is crucial for facilitating effective cross-cultural communication.
Although advancements in technologies such as Virtual Reality (VR) and Augmented
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Reality (AR) enhance the immersion and interactivity of virtual spaces, technologi-
cal progress alone does not guarantee the accurate transmission and reception of cul-
tural information. Therefore, designers must deeply understand and apply cultural sym-
bols, optimizing user experience according to the needs of different contextual cultures
(Fig. 2).

Qin Dynasty

Terra Cotta Army

thnese, Qin Dynasty 210-209 BCE
Linton District, Xi'an, Shaanxi

Fig. 2. Qin Dynasty Terracotta Warriors and Horses in VR Art Museum. Screenshot by Greener

Firstly, the accurate selection and presentation of cultural symbols are key to achiev-
ing cultural authenticity and resonance with users. For instance, The VR Museum of
Fine Art on the STEAM platform recreates classic works such as the Mona Lisa’s smile,
the statue of David, and Buddha figures, accompanied by their history and explana-
tion. Integrating Peking opera masks into virtual spaces interactively, allowing users to
understand their history and cultural significance by clicking on different masks, not
only adds educational value but also prevents cultural misunderstandings. Additionally,
demonstrating how to balance user needs and expression methods in different cultural
contexts will help strengthen the cultural inclusivity and diversity of virtual spaces.

Secondly, applying the high-low context cultural theory to virtual space design
requires a deep understanding of different users’ communication styles and preferences.
High-context culture users may prefer communication through environmental context
and non-verbal cues, whereas low-context culture users may favor direct verbal infor-
mation. Hence, virtual spaces should offer adjustable communication settings to meet
the needs of different users, for example, providing rich background information and
symbolic images for high-context culture users and clear, explicit text explanations for
low-context culture users.
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Critically speaking, although the Technology Acceptance Model (TAM) and other
theories provide a framework for evaluating the acceptance of technology in cross-
cultural applications, existing research often overlooks the complexity of cultural dynam-
ics and the actual needs of users. Therefore, future research should focus more on integrat-
ing cultural symbols and contextual differences, as well as users’ cultural experiences and
interactive behaviors, rather than solely concentrating on technological implementation.

In summary, the design of virtual spaces needs to go beyond technology itself,
to deeply explore and integrate cultural symbols and the theory of high-low contexts,
designing environments that not only reflect multiculturalism but also promote effec-
tive communication between users from different cultural backgrounds. At the same
time, the role of user research and cultural education in the design process should be
emphasized, ensuring that virtual spaces are not only technologically advanced but also
culturally inclusive, meeting the cross-cultural communication needs of young adults in
a globalized era.

3 Methodology

3.1 Data Collection

Survey: A survey was designed to gather extensive quantitative data, incorporating both
closed-ended questions and Likert scale items, to evaluate young adults’ preferences
towards cross-cultural virtual spaces and their ability to understand culture in high-
context scenarios. The survey was distributed online using the Questionnaire Star plat-
form, targeting individuals aged 18 to 25 from various regions across the nation. The
survey sources were divided into two parts: one portion of the sample was collected using
a WeChat snowball distribution method, and the other was gathered using the sample
service provided by Questionnaire Star.

3.2 Quantitative Data Analysis

The survey results were analyzed using the statistical software Excel, which included
calculations of frequencies, means, and standard deviations to identify relationships
and trends among different variables. This involved compiling the collected data into
Excel spreadsheets, using formulae to compute the necessary statistical measures, and
interpreting these results to understand the patterns and insights within the young adult
responses regarding cross-cultural virtual spaces.

3.3 Ethical Considerations

Before conducting the study, all participants were informed about the research’s purpose,
process, and their rights through the questionnaire sent via Questionnaire Star, including
the freedom to withdraw from the study at any time. All collected data were treated with
confidentiality and used solely for academic research purposes.
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Table 1. Virtual space and different design styles

Ethnic style Modern style Fantasy style
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3.4 Virtual Space Design Samples

The questionnaire included sections on virtual spaces involving everyday social scenar-
ios, categorized by function, including restaurants, tea houses, stages, classrooms, and
hostels. The styles of these spaces ranged from ethnic and modern to fantasy themes,
encompassing the various aspects of daily social interaction within a virtual context
(Table 1).

4 Data Collection and Analysis

4.1 Data Preparation and Preprocessing

Before the analysis, 137 surveys were collected, out of which five were discarded due to
age incompatibility. The remaining responses were from users aged 18 to 25. Surveys
were distributed via WeChat and the Questionnaire Star platform, ensuring complete
responses. To ensure the quality of the analysis, 32 surveys with response times under
120 s were eliminated, leaving 100 valid questionnaires. All participants were fully
informed about the purpose and process of the research and their rights, including the
freedom to withdraw at any time. All data were anonymously collected and used solely
for academic purposes.

4.2 Descriptive Statistical Analysis

Descriptive statistics were performed on basic user data, including gender distribution
and ethnic composition. The sample included both male and female users from 16
provinces and cities in China, involving Han, Miao, and Buyi ethnic groups (Table 2).

Table 2. Number and percentage of user basic information

Category Content Quantity Percent (%)
Sex Male 49 49
Female 51 51
Nationality Han 97 97
Miao 2 2
Buyi 1 1
Province Guangdong 29 28.71
Henan 6 5.94
Sichuan 6 5.94
Chongqing 5 4.95
Hunan 5 4.95
Jiangsu 5 4.95
Shanxi 4 3.96

(continued)
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Table 2. (continued)

Category Content Quantity Percent (%)
Shaanxi 4 3.96
Fujian 4 3.96
Hebei 4 3.96
Guangxi 3 2.97
Anhui 3 2.97
Yunnan 3 297
Zhejiang 3 297
Beijing 2 1.98
Guizhou 2 1.98
Jiangxi 2 1.98
Liaoning 1 0.99
Jilin 1 0.99
Shanghai 1 0.99
Heilongjiang 1 0.99
Xinjiang 1 0.99

Frequency analysis was conducted on four basic questions designed to gather user
preferences for virtual socialization and tool usage. For example, 65% preferred inter-
acting with others in virtual spaces, while 35% preferred solitary experiences. Over
half of the respondents were “very interested” in virtual space social features, while
41% showed moderate interest. For preferred activities, 90% favored competitive gam-
ing, indicating a significant preference for social interaction through gaming. In terms
of preferred devices, 47% opted for VR headsets, while 29% preferred smartphones,
showing a tendency towards more accessible and lightweight devices (Table 3).

Table 3. User preferences for using social functions in virtual spaces.

Category Content Frequency Percent (%)
1. In a virtual space, do you prefer to communicate Communicate with other users 65 65
with other users or enjoy the experience alone? Enjoy the experience alone 35 35
2. Are you interested in social functions in virtual Very interested 55 55
space?
Generally interested 41 41

(continued)
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Table 3. (continued)

Category Content Frequency Percent (%)
Not interested 4 4
3. What type of activities do you prefer to participate Party/Social Event 65 65
in virtual space? Game competition 90 90
Learning/Educational Activities 52 52
Creative/Artistic Activities 60 60
Others 2 2
4. Which device do you prefer to use to experience in | Computer 23 23
virtual space? Cell phone 29 29
VR head display 47 47

Others 1 1

4.3 Inferential Statistical Analysis

The distribution among the three virtual space styles showed the least number of users
interested in ethnic styles and the most in fantasy styles, potentially reflecting the majority
Han ethnicity’s lack of novelty in ethnic styles. However, the preference among different
virtual spaces like restaurants and tea rooms showed no significant variation among the
three styles. Notably, fantasy style stages had a clear advantage, possibly due to their
attractive lighting and themes. Modern style was preferred for classrooms, likely aligning
with a quiet study atmosphere, while for lodging spaces, young users favored modern and
fantasy styles, indicating a preference for modern interpretations of traditional elements.

Regarding space style preferences, users showed varied preferences correlating with
the function of the space, especially noticeable in entertainment-oriented stages and
study-focused classrooms. For leisure spaces like restaurants, tea rooms, and lodges,
preferences were more evenly distributed, indicating diverse tastes among the users
(Table 4).

Table 4. User preferences for virtual space style types.

Space type Ethnic style (Number of | Modern style (Number | Fantasy style (Number
Selections) of Selections) of Selections)
Restaurants 31 33 36
Tea rooms 29 31 40
Stages 27 19 54
Classrooms 31 44 25
Inns 23 36 41
Total Selections | 141 163 196

The analysis of cultural understanding based on space preference revealed that aver-
age scores for cultural comprehension did not exceed four points. Modern style spaces
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received the highest average understanding score, suggesting a correlation between user
identity and cognition. High scores in cultural understanding for fantasy-style stages
and modern-style classrooms suggest confidence in these choices, indicating interest
and comprehension among users (Table 5).

Table S. Users’ cultural understanding of virtual space style.

Space type Ethnic style (The Modern style (The Fantasy style (The
average score) average score) average score)

Restaurants 3.76 4.03 3.64

Tea rooms 3.67 3.95 3.87

Stages 3.69 3.57 3.82

Classrooms 3.7 4.00 3.63

Inns 3.79 3.86 3.76

overall average score 3.722 3.882 3.744

In the final overall evaluation, the scores for all three styles were higher than the
total average scores for cultural understanding, suggesting that despite not having a high
level of cultural understanding, users showed significant interest and satisfaction with
the virtual spaces (Table 6).

Table 6. Overall user satisfaction with virtual space style.

Space type Ethnic style (The Modern style (The Fantasy style (The
average score) average score) average score)
overall satisfaction 3.88 4.08 4

4.4 Discussion and Limitations

This study employed quantitative methods to explore young adults’ preferences and
cultural understanding within cross-cultural virtual spaces. Results indicate significant
interest in social functions and cultural elements within virtual spaces, particularly in
gaming competitions and modern-styled environments. However, the level of under-
standing of cultural elements varied among users, suggesting the need to consider the
demands and cognitive differences of users from diverse cultural backgrounds when
designing virtual spaces.

This research has limitations; for instance, the sample was confined to young people
in China, which may not fully represent the preferences and behaviors of young adults
globally. Additionally, while we attempted to collect data through survey methods, self-
reported data might be influenced by social desirability bias and not accurately reflect
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individuals’ experiences and preferences. Future studies should consider a broader sam-
ple and employ a variety of data collection methods to enhance the depth and breadth
of research.

Despite these limitations, this study provides valuable insights into young adults’
cross-cultural communication in virtual environments and offers empirical evidence for
designing more inclusive and interactive cross-cultural virtual spaces. Future research
should further investigate the effective application of cultural elements in virtual space
design to promote deeper cultural understanding and communication.

5 Conclusion

This study aimed to explore and evaluate the effectiveness of cross-cultural interactive
virtual spaces in promoting cultural understanding and communication among young
adults. Utilizing Hall’s high-context and low-context cultural frameworks, this research
conducted surveys to gather preferences and understandings of individuals aged 18 to
25 regarding various cultural symbols and virtual communication spaces.

5.1 Key Findings

Preferences and Needs for Cultural Communication: Young adults show significant
interest in utilizing virtual spaces for cultural communication, especially within gaming
competitions and modern-styled environments. They expressed a high interest in the
social functions of virtual spaces, yet there were differences in their levels of cultural
understanding.

Understanding and Application of Cultural Symbols: While participants were inter-
ested in the cultural symbols presented within virtual spaces, their levels of under-
standing these symbols varied. This indicates the need for more cultural education and
explanations in the design of cross-cultural virtual spaces.

Technology Acceptance and User Experience: Participants were open to using vir-
tual reality technology for cultural communication but preferred more accessible and
lightweight devices like smartphones and computers over VR headsets.

5.2 Conclusions and Recommendations

This research underscores the importance of deeply understanding the cultural prefer-
ences and communication needs of young adults when designing cross-cultural virtual
spaces. Designers should accommodate the needs of users from various cultural back-
grounds by providing diverse communication methods and rich cultural educational
content to facilitate more effective cross-cultural understanding and interaction. Addi-
tionally, technological development should focus on user experience, adopting devices
and platforms that are more widely accepted to attract a broader range of young users.
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5.3 Limitations and Future Directions

The study’s limitations primarily lie in its sample range and data collection methods.
Future research should extend the sample size to include young people from a broader
range of cultural backgrounds and employ diversified data collection methods, such as
in-depth interviews and observational studies, for a more comprehensive understanding.
Furthermore, future studies should explore how to effectively integrate different cultural
elements to design virtual spaces that both reflect multiculturalism and promote effective
communication.

In summary, this research offers valuable insights and recommendations for the
design of cross-cultural interactive virtual spaces, aiming to enhance cultural under-
standing and communication among young adults, thereby contributing to building a
more inclusive and connected global society.
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Interactive Experience Design of Indoor Lamps
Based on the Concept of Emotionalization
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Abstract. To combine the emotional concept with Maslow’s hierarchy of needs
theory to design an interactive experience design for indoor lighting with the
meaning of self-actualization and value creation. Methods: Taking indoor lighting
as an example, using the theory of three levels of emotion, combining people’s
needs for emotional interaction and creative experience design for the pleasure
of using indoor lighting, and remote control of APP interaction, we design a
design of indoor lighting that can be learned while using. Conclusion: The final
design of the interior lamps is a good experience with a beautiful shape and rich
functions. Through the design of the warm Sinusoidal sensation product, it can
relieve people’s fatigue and anxiety, and at the same time, it can also help people
to improve themselves and realize their self-worth.

Keywords: Interior Lighting - Emotional Concept - Experience Design -
Interaction Design

1 Introduction

Any upgrading or change in technology will lead to a series of disruptions in the way
of life of the society. More importantly, it will redefine the way of communication and
connection between human beings and the world. Human-computer interaction will
become more convenient and faster. According to the research of the three-level concept
of emotionalization, people’s emotional needs and the concept of self-improvement have
risen to the highest demand point, and people want to enjoy the functions of the products
while bringing new learning and cognitive concepts to themselves. Emotional needs
are an important branch of people’s spiritual needs. People are no longer satisfied with
just facing the cold functional parts of the machine, letting the machine as a carrier to
convey people’s thoughts. People are more willing to let the machine become emotional
interaction, value creation can better support people’s emotions, bring the use of pleasure
at the same time, but also lead us to new progress, breakthroughs in their own, to achieve
self-worth. The design and development of indoor lighting programs in the current
market has brought people a more pleasurable experience. Officials can be placed in the
bedroom, hall, restaurant decoration, used to adjust the light and illumination, can make
the surrounding atmosphere to become more in line with the mood of the environment.
But indoor lighting can create more value than that.
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2 Indoor Lamps and Lanterns Development Status and Inter-issues
(Problems)

2.1 Analysis of Market Conditions

With the continuous development and breakthrough of LED lighting technology, the
lighting efficiency of indoor lamps and lanterns has been significantly higher, and the
development of indoor lamps and lanterns has shown the trend of diversification, intel-
ligence, environmental protection, customization and so on [1].At the same time, intel-
ligent lighting system has gradually become the development trend of indoor lighting,
through the cell phone APP remote control of lights, according to the environment,
the lighting system can be customized. The automatic adjustment of the brightness of
the environment and other functions are gradually popularized. In addition to the basic
lighting function of indoor lamps and lanterns, there are also many other functions. The
LED light bulbs have many additional functions, such as saving atmosphere, energy sav-
ing and environmental protection. For example, LED bulbs with adjustable brightness
and color temperature. Intelligent ceiling lamps can automatically adjust the brightness
according to the environment. Indoor lighting can also be connected to the smart home
system to realize the linkage control with other devices. For example, voice control,
timer switch and other intelligent functions. With people’s health concerns continue to
improve, indoor lighting is also to the direction of healthier development. For example,
lamps with eye protection, lamps and lanterns that can regulate the body’s biological
clock. Indoor lighting is divided into five types of lighting: overall lighting, local light-
ing, accent lighting, background lighting, decorative lighting. These include table lamps,
floor lamps, spotlights, chandeliers, down lights, and ceiling lamps [2].

Desk Lamps. Children’s function classification, desk lamps can be divided into reading
desk lamps, decorative desk lamps, work desk lamps and other types. Reading lamps
are mainly used for reading and writing, the light is softer, not blinding, package tem-
perature is moderate, can reduce visual fatigue. Decorative table lamps focus on the
appearance of design and style, according to different decorative styles and personal
preferences to choose. Desk lamps emphasize the lighting function, the light is bright
enough, irradiation area is large enough.

Floor Lamps. Floor lamps are usually divided into two types of up lighting and direct
illumination, up lighting floor lamps are usually illuminated figural panels, the use of
diffuse reflection principle to illuminate the entire room, so that the light is more soft and
comfortable; direct illumination floor lamps are directly irradiated where the need for
illumination, the light is more centralized, suitable for the need to focus on the lighting
of the place.

Spotlights. Spotlight is a typical non-main light, no rules and regulations of the modern
genre of lighting, can create an atmosphere of indoor lighting. Through the free change
of the angle of the small spotlight, the combination of a variety of lighting effects.

Wall Lamps. Are installed on the interior walls of the auxiliary lighting decorative
lamps and lanterns, light and elegant, can be embellished with elegant, rich and beautiful,
especially the newlywed room is particularly suitable. Wall lamps of more types and



106 X. Miao et al.

styles, general common ceiling lamps, color-changing wall lamps, bedside wall lamps,
wall lamps in front of the mirror and so on.

Chandeliers. Is a high-level decorative lighting hanging on the indoor ceiling? nowa-
days, the pendant lamp has been equipped with spring or height adjuster, which can be
suitable for different heights of the floor and needs.

Down Light. Is a kind of recessed lighting fixture embedded in the ceiling, usually
installed in the group room, living room, bathroom on the perimeter of the ceiling? This
embedded in the ceiling inside the hidden lamps and lanterns, all the light is projected
downward, the exhibition of direct light distribution, the lamps and lanterns of the metal
body as well as the plastic lamp body has a good performance of flame retardant?

Ceiling Lamps. Are installed in the interior of the room, the appearance of the lamps
and lanterns are close to the ceiling, the light is emitted from the interior, for the inte-
rior of the dike for lighting. Ceiling lamps can be divided into incandescent ceiling
lamps, fluorescent ceiling lamps, tungsten halogen ceiling lamps, LED ceiling lamps,
etc. according to the light source.

2.2 Problems with Indoor Lighting

Light is too bright or too dark: some indoor lamps really light too harsh, or too dim, does
not meet the needs of human clothing on the comfort of light, prolonged use will cause
eye fatigue and discomfort. The light should be adjustable in terms of warmth, coldness
and strength. [3].

Color: some indoor lamps and lanterns of light color deviation is serious, so that the
entire choking environment of the package tone is not coordinated, affecting the living
and working environment.

Higher energy consumption: the energy consumption of the existing room lamps and
lanterns is usually higher, long-term use will consume a lot of electricity, not conducive to
energy saving and emission reduction. Should be combined with green design concepts
and environmental awareness.

2.3 Trends in Interior Lighting Design Under Emotional Demands

With the advent of smart home, there is a growing demand for intelligent control of indoor
lights. For example, through the cell phone APP or voice tapping system, to achieve a
variety of colors, brightness and mode of adjustment, as well as with the music, the envi-
ronment of the linkage, to enhance the user and the indoor environment of the interaction
and experience. The design of indoor lighting also requires customization. Consumers
can choose the style, color and brightness of the lighting to suit their preferences and
needs, creating a unique indoor atmosphere [4]. This enhances the user’s sense of par-
ticipation and creativity, and allows for a deeper emotional interaction between people
and products.

Indoor lighting design really need to pay attention to the emotional needs of people,
through the light and dark, color and brightness of the predicate, to create a comfortable,
romantic, warm and other different atmospheres and environments, to meet the different
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emotional needs of people. Also need to consider the physiological and psychological
needs of people, in different environments, dais for different comfortable light, to avoid
problems such as packet difference and glare, to improve the use of experience and relief
[5]. These are the functional requirements for the protection of eyesight at the reflective
level.

In the context of increasing environmental awareness, the design of indoor lighting
also need to consider the green bad security factors [6]. The use of low-energy LED
light source, renewable materials made of lamps and other real materials, reduce energy
consumption, reduce the impact on the environment and the abuse of energy. Focusing
on the concept of green design enhances people’s reflection and choice in value creation.
According to the existing problems and design trends in the design of indoor lighting,
summarizes the design of indoor lighting products. The steps involved in the actual study
(see Fig. 1).

Product Design emotional needs

Research on the Current | ] g
Situation of Interior Lighting ! ‘ Hierarchical analysis of » { User demand elements

design model

Final plan determination : ‘ Indoor lighting product ‘

Fig. 1. The actual study of interior lighting design and related steps

3 Related Theories

3.1 Emotional Design Concepts

Emotional design is a design concept that focuses on users’ inner emotion, so that users
can enjoy the social value of the products from the physiological, psychological and
spiritual levels, guiding them to the pursuit of happiness, and improving the quality
of people’s life through design. Emotional design creatively integrates the interaction
mode, form, color, structure, decoration, material, function, and the elaboration of facts
and other elements of the product, integrates the expected emotional feeling into the
constituent elements of the product, highlights the product’s aesthetic characteristics
and interactive session, and starts from “useful” to “good to use” [7]. The aesthetic
characteristics and interactivity of the product are emphasized, and the user satisfaction
is enhanced from three levels of “useful”, “good” and “want to use”, so that the user
can have an emotional experience in the process of using the technical functions of the
product. Donald Norman, a psychologist in China, divided the human emotional system
into three levels, the instinctive level, the behavioral level, and the reflective level in his
“Emotional Design”.

Instinctive layer design focuses on the physical attributes of the product, such as
shape, material, structure, color, etc., on the five senses of vision, hearing, smell, taste,
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and erosion to bring the sense of the Palace; behavioral layer design focuses on the
product’s interactive mode of operation and use of the product’s functions, and how
to make the user in the process of interacting with the product to generate positive,
positive emotions, to obtain the sense of convenience and pleasure: Reflective layer
design focuses on the deeper meaning and value of the product, and will continue to
cause the user to reflect on the product to generate emotional resonance and a sense of
belonging, but also to stimulate the creativity and experience of the user. Reflective layer
design focuses on the deeper meaning and value of the product, which will continuously
lead to the reflection of the user, the emotional resonance and sense of belonging of the
user to the product, and at the same time stimulate the user’s creativity and sense of
experience.

4 Emotional Expression of Interior Lighting Design

According to the instinctive layer, behavioral layer and reflective layer in the three levels
of emotional theory of design psychology, we analyze and pray for the product design
scope contained in each level as well as the corresponding design points, and launch the
product design model for indoor lighting (see Fig. 2).

Emotional Design Product category point
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’ and development

|
|
|
|
behavior ——>I Humidifier function I
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Fig. 2. Indoor lamps and lanterns product design model
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4.1 Emotional Design at the Instinctive Level

Modeling. Indoor lamps and lanterns of different forms, diverse shapes, mainly in the
form of the following lighting presentation: table lamps, Chandeliers, simple lamps, wall
lamps, floor lamps, spotlights, ceiling lamps. Among them, wall lamps can be installed
in the indoor Jing wall on the auxiliary lighting decorative lamps, its light elegant and
harmonious, the environment can be decorated with elegant, rich, calm, 5/13 to the
basic modeling of the interior lamps and lanterns are basically divided into two kinds of
abstract and figurative. Figurative interior lamps usually have _ bright form and image,
their design inspiration usually comes from real life in the concrete Hugh things, such
as animals, Plants, characters and so on. This design style is enough to make people feel
friendly and familiar, giving people a warm, comfortable feeling. And it is more suitable
for children’s furniture and women’s groups. Abstract indoor lighting real appearance is
inclined to minimalist Fengge and Levitical style, emphasizing simplicity, functionality
and elegance, the design of indoor lighting can be a simple lines or shapes, without
excessive decorations and details. The color can be white, black or grey, giving people
a sense of purity and elegance. At the same time, it emphasizes innovation, technology
and futuristic sense, and can adopt the appearance of streamlined, geometric shapes or
irregular shapes to give people a sense of coming and avant-garde.

The combination of figurative and abstract modeling is more innovative, layered,
emotional and flexible. Innovative: This kind of design breaks the traditional design
thinking and creates a unique and novel shape, which can attract people’s eyes and add
the highlight of the interior.

Layers. The design is rich in layers. Figurative elements provide the foundation and
landscape for the design, while abstract elements add dynamism and vitality to the
design.

Emotional Expression. Figurative elements can trigger people’s emotional reso-
nance, while abstract elements can stimulate people’s imagination and creativity. These
elements can convey a specific sense of meaning and mood.

Flexibility. Makes the design more flexible and versatile. Creates a variety of interior
lighting shapes. For example, the 0SGONA indoor bedside wall lamp uses a combination
of abstract and figurative design, so that the illumination is full of dynamism and vitality,
and the light and shadow shapes are vivid and rich in layers.

Color. From the point of view of the instinctive level, neutral color will bring people
a sense of calm, comfort and relaxation, and it will not stimulate people’s vision or
psychology too much. For example, in interior design, neutral color walls and furniture
products will bring people a warm and comfortable feeling. Modern interior design
focuses more and more on individuality and innovation, so the color package of lighting
is also more diverse. In addition to the traditional white and gold, neutral colors such
as grey, black, etc. are becoming popular. At the same time, in the minimalist look and
feel of the design, choking the interior lighting color selection of black, gray and other
neutrals, can create a simple and elegant atmosphere. Because Therefore, in designing
the color application of the indoor lighting, black color design was chosen as the main
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color to enhance the product’s appearance. It emphasizes the quality, elegance and low
profile of the lamps, while attracting the value of the lamps and the sense of the clinch.

The Material. Of the visual party performance is also an important factor to consider
the impact of emotion. After researching and analyzing, the most Metal is the material
used for indoor lighting. There are two types of metal: smooth and frosted. Smooth metal
surfaces reflect light and give people a sense of sophistication and elegance, while frosted
metal surfaces are more understated and subdued. Secondly, the durability of the material
will also give people an emotional response. A strong and durable metal will give people
a sense of reliability and longevity. In the process of product consideration and design,
we need to choose the appropriate material according to the product positioning and
user groups, in order to enhance the attractiveness and emotional value of the product.
Indoor wall lamps also have a functional role. Compared with other materials such as
wood and textile, the use of frosted metal surface not only enhances the texture and
feel of the lamp, but also has a certain degree of corrosion and abrasion resistance. In
addition, frosted metal can also provide a soft lighting effect, making discreet indoor
lighting more cozy and comfortable. Therefore, frosted metal as the contact surface of
the product is more suitable for indoor lighting, which can add a sense of sophistication
and futuristic feeling to the indoor space.

4.2 Emotional Design at the Behavioral Level

Indoor ambient lighting at the behavioral level of the functional aspects of the main
considerations are based on different the festival lights are used to adjust the color,
brightness and luminous part of the festival lights to create the atmosphere, regulate the
mood and enhance the life experience of the scene and demand.

For example, intelligent control, you can use the smart phone APP remote control
lights, convenient to use the user at anytime and anywhere | control the lights, to achieve
self-tuning section lights, intelligent sensing and other functions. Such as solaraxy intel-
ligent ambient light, Bluetooth networking, APP control of light brightness and color
temperature, not only the sound function, there are colorful mode and timer function.
Second is the timer function, you can set a timer to turn on and off the light, to help
users develop good habits, such as automatically turn on the light in the morning to
help users wake up, and automatically turn off the light in the evening to help users fall
asleep. In terms of voice control, you can control the light by voice, for example, “Xiao
Ai Classmate, turn on the reading light” or “Xiao du Xiao du, lower the brightness of
the light in the cellar room”, which provides users with a more convenient operation
experience. There is also an automatic sensor system for lamps and lanterns, which can
be set up to automatically turn on and off the lamps or adjust the brightness of the lamps
and lanterns according to the user’s activities, such as automatically turning off the lamps
and lanterns when people leave the room and automatically turning on the lamps and
lanterns when people enter the room. The most important thing is energy saving and
environmental protection, the use of low energy consumption LED lamp beads, can save
energy, reduce environmental pollution.
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In summary, the functional design of interior ambient lighting at the behavioral level
needs to take into account factors such as intelligent tapping, timer function, voice con-
trol, automatic sensing, and energy-saving protection, in order to communicate with the
needs of the users in different scenarios, and to provide a more convenient, comfortable,
and energy-saving living experience.

The Interaction Design. Of indoor lighting at the behavioral level mainly refers to
the interaction and communication between the user and the ambient light. The aim
is to enhance the user’s experience and feelings through the performance of the light,
as well as to provide a more intelligent |, comfortable and personalized eye service.
Because interaction is a two-way street, indoor lighting can increase the interaction and
exploration between people and products while providing a sense of experience, and

achieve emotional communication between people and Light in the actual.
In the process of interaction design, various operation functions and modes are

designed for indoor luminaires, so that people can learn and use them through
exploration, learning through interaction, and interacting through learning.

4.3 Emotional Design at the Reflective Level

Product semantics: The semantics of indication is utilized in the interaction of intelligent
Lee, so that the design of the lamps and lanterns can convey the indication information
clearly, so that the users can operate and use the lamps and lanterns correctly. For
example, the smart switch series can express its switching status through the appearance
design, such as through the change of the LED indicator light or the change of the packet.

Product value: The value of the product itself is not only the appearance, convenient
function and emotional interaction, but also the value creation is an important demand
point for a product to be able to establish a lasting connection with the users. Self-
actualization is the highest level of human needs, which refers to the individual’s pursuit
of the full play of their potential, the urge to realize and enhance their self-worth, and
in the process experience inner satisfaction and a sense of well-being. Self-actualization
is the pursuit of higher spiritual needs on the basis of satisfying physiological needs,
safety needs, social needs and respect needs, including. It includes the exploration of
reason, the pursuit of envy, and the perfection of morality. Similarly, self-actualization is
also a process of continuous pursuit of progress and improvement. People will discover
their own defects in the process of continuous learning and growth, and will improve
themselves through learning and upgrading. In the Reflective Dimensions indoor lighting
project, the shape of the moon is projected into the room using virtual reality, and
when users control the project through an app, information about the moon’s crust and
meteorological changes pops up, so that people can click on it when they want to learn,
which promotes learning and enhances the value of the product itself.

5 Indignant Interior Luminaire Design Practices

5.1 Design Orientation

According to the user scenarios and demand points, the design of indoor lamps and
lanterns is positioned for the youth group and working people, the basic function of
the product is lighting, in addition to lighting additional functions are: warm and cold
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light switching mode, through gestures and touch mode control of brightness, package
temperature adjustment, timing and automation functions, humidifier mode, as well as
through the APP connection operation of the science and technology mode. Increase the
adhesion between the user and the product.

5.2 Product Design Innovation Points

The product design of indoor interactive lamps and lanterns under the concept of emo-
tionality is carried out from the theory of three levels of emotion, namely, the appearance
design at the instinctive level, the interaction and functional design at the behavioral
level, and the semantic connotation of the product and the design to satisfy people’s self-
actualization at the level of friendship, which can help people to explore the connotation
and role of the product from different levels, and let people realize their self-worth in
the process of adopting and reflecting on the use of the product.

Mainly manifested in the appearance of indoor lighting products modeling, color and
material selection of three aspects. In the appearance modeling design, we take the simple
abstract art form as the design element, and the abstract graphic contour adopts the soft
curve and round form, which makes people feel soft and comfortable, adds the dynamics
to the overall shape, and makes people feel friendly, comfortable and warm. In the color
design, part of the hot gold as the background color, so that the scenery under the curtain
has a warm atmosphere, and silver as a cold color decorative moonlight scenery appears
more vivid, outlining a gentle sunset scene, so that the interior of a unique style. The
material selection is made of frosted metal, and the frosted surface makes the product
appear more low-key and calm. Secondly, the durability of gold will also bring people
a reliable and long-lasting feeling. As an indoor product lighting, it should also have a
low-key, calm mood and infectious force to bring pleasure and relaxation to the users.
Indoor lighting design (see Fig. 3).

Is mainly reflected in the functional diversity design and emotional interaction design
of lamps and lanterns. In the functional design, users can connect the APP to adjust the
color temperature, brightness and light position by themselves through gestures and
touch control functions, and can pre-set the working mode of the lamp through timing
and automation modes. The design page of the APP is divided into two alternating modes,
day and night. When you are not at home, you can enter commands through the APP
connection to operate the timing and automation modes in advance. Atnight, gestures and
touch control, lighting timing, and moon projection can be carried out through the mobile
phone connection. The mobile phone will carry out science popularization according to
the shape changes of the moon on the day. After the connection, it can automatically
synchronize the shadow and breath form of the moon, and adjust the color temperature
and brightness of the light according to needs when reading in the bedroom at night,
giving the user the greatest humanized and comfortable experience. The interface design
of indoor lighting APP (Hello, small view) (see Fig. 4).

When the weather is dry, you can enable the humidifier mode, which is like a moun-
tain stream cloud and mist when it is opened, showing the beauty of nature, as if it
brought nature to the room, borrowing the scenery to generate emotion, which is the
emotional interaction between people and indoor lamps. As an additional function of
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Fig. 4. Interior Lighting APP interface design (Hello,Xiao Jing)

the product, it adds a variety of sensory experience for the user and enriches the level of
product experience.
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The Emotional Design of Reflection Level. Is mainly manifested in the process of
interaction between people and lamps, and also the improvement and realization of
self-value. Through the popularization of the change of the moon projection of indoor
lamps and the precise touch control and adjustment mode, the interaction process is more
conducive to people’s learning and improvement, and users can also learn in the process
of use. When the weather is dry, you can enable the humidifier mode, which is like a
mountain stream cloud and mist when it is opened, showing the beauty of nature, as if
it brought nature to the room, borrowing scenery and feeling, which is the emotional
interaction between people and indoor lamps. As an additional function of the product,
it adds a variety of sensory experience for the user and enriches the level of product
experience. Among them, the thinking generated by the interaction between the user
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Fig. 5. Simulation and operation mode of indoor lighting
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and the product, as well as the beautiful emotional experience brought to the user in the
process of using the product, is also the original intention of using the emotional design
concept. The simulation and operation mode of indoor lamps and lanterns (see Fig. 5.).

6 Conclusion

Through the interaction and research of indoor lamps and lanterns, combined with the
concept of emotional design, the design reflection and research are carried out on the
user’s aesthetic, use, demand point and emotional experience from the instinct level,
behavior level and reflection level, and the design method of indoor lamps and lanterns
to meet the highest level of human needs is summarized. On the basis of the basic lighting
function of indoor atmosphere lamps, the emotional experience and interaction between
people and lamps are increased.

Comprehensive design is carried out from the appearance, the cold and warm color
temperature oflights, the touch adjustment mobility of light position, the function of
humidifier, APP connection control and science popularization, and finally the indoor
lamps are designed with beautiful appearance, rich functions and good experience value.
This lamp can relieve people’s fatigue and anxiety at the same time, but also help users to
self-improvement and growth, improve the quality of life of users. The research combines
the concept of emotional design and emotional interaction design to explore and study
the design of indoor lighting products, in order to provide research reference for the
design of relevant indoor lighting products that can be adapted.
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Abstract. Food education, called Shokuiku in Japanese that teaches about the
agricultural environment, food cherishing, nutrition, and healthy eating through
lectures and practice, is getting attention. Based on the demand for diversified
food education for different age groups, digital food education has been promoted.
Besides, lack of encouragement to eat healthily poses risks of unhealthy eating.
Some agents developed for caring needs that monitor the users’ diet but could not
eat together and did not provide structured food education content. Inspired by
these problems, we intended to achieve effective food education by developing
a virtual co-eating agent with the capability of eating virtual food and teaching
structured food education. We developed a co-eating agent for food education
and conducted user studies with 6 Japanese students and 6 international students.
Participants attended a one-on-one lab-based food education workshop with an
agent, including a 5-min co-eating and a 15-min food education lecture. The results
showed that the participants felt the sense of eating together with the agent, had a
positive impression of the agent, had positive learning satisfaction and their sugar
literacy scores were improved. Based on the results, the effectiveness of the co-
eating agent for food education and the relationship between the impression and
learning outcome were discussed. It is suggested to provide co-eating activities
with structured educational content and explore how to maintain the perceived
meal similarity of co-eating agents for food education.

Keywords: co-eating agent - food education - dietary similarity

1 Introduction

Improving the understanding of food and nutrition knowledge can help people make
positive and informed food choices. Food education takes place in school, family, and
community, which teaches about the agricultural environment, food cherishing, nutrition,
and healthy eating through lecture and practice. In Japanese Shokuiku (food education)
4th Promotion Basic Policies, the goals were set as increasing awareness of the food
environment, maintaining a balanced diet, eating three meals a day, and increasing the
number of co-eating for building a more energetic life [1]. Moreover, based on the
demand for diversified food education for people of different ages, digital food education
has got attention and implemented in multiple countries [2—4]. How to connect virtual
learning content with real-life experience has become an issue.
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Besides, co-eating is an important social activity that connects people. People chat,
share information, enrich their eating experience, and encourage healthy eating while
eating together [5, 6]. It has been found that adolescents having more meals with their
family were more likely to have parents’ encouragement on healthy eating [6]. However,
some people are separated from their eating partners because of distance or irregular
eating time. Lack of encouragement to eat healthfully poses risks of unhealthy eating.
Previous research has shown that people working irregularly time could not eat with
their family members but with co-workers, and it was hard to get encouragement for a
healthy diet from them [7].

On the other hand, some co-eating agents have been used around the dining table for
caring needs that monitor the users’ diet and encourage a healthy diet [8, 9]. However,
these agents did not eat and did not provide structured food education content. Though
it has been found that showing agents’ eating actions influenced the enjoyment and the
eating amount [10], whether it could connect the learner, agent, and food in the food
education context needs to be explored. Although the supervisory function of co-eating
agents was discussed, their effectiveness on food literacy remained unknow. Inspired by
these problems, we intended to achieve effective food education by developing a virtual
co-eating agent with the capability of eating virtual food and teaching structured food
education. The research questions RQ1 and RQ2 are as follows:

RQI1. Does the food education provided by the co-eating agent improve participant’s
food literacy?

RQ2. Is the impression of the co-eating experience and co-eating agent related to
participants’ learning in food education?

To answer these questions, we conducted user studies with 12 students to explore
the effectiveness of co-eating agent for food education. They attended a one-on-one
lab-based food education workshop with an agent, which included a 5-min co-eating
and a 15-min food education lecture. Based on the user studies, we investigated their
co-eating experience in the workshop, the impression of the co-eating agent for food
education, and the learning outcome. We discussed how the impression of the virtual
food and co-eating agent influences their learning.

2 Method

2.1 Participants

To explore the effectiveness of co-eating agent for food education, we conducted an
experiment with a co-eating agent for food education. Before conducting the experi-
ment, we obtained ethical approval from the Research Ethics Review Committee of the
Department of Library, Information, and Media Studies of the University of Tsukuba
(No. 22-134).

The participants were recruited through social networking services and a local
recruitment website. A total of 12 students (6 male, 6 female) joined voluntarily, 6
of them were Japanese students and the other 6 of them were international students. 3
of them were from China, 2 of them were from Taiwan and 1 was from Indonesia. The
average age was 23.6 (SD = 3.80), ranging from 20 to 32. Every participant received a
960-yen Amazon gift card for participation in the one-hour experiment.
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2.2 Co-eating Agent

The co-eating agent was developed and improved based on the agent from previous
research focused on eating [11]. The character model was cartoon style and from ©
Unity Technologies Japan/UCL. In this study, the agent ate with participants and gave
the lecture about food with the slides (see Fig. 1). The eating actions were set as a
conditional repeating sequence of the “Home position”, “Preparation”, “Hold”, “Stroke”,
and “Recovery”. The virtual food was presented in a plate on the table. It showed the
eating process and eating trimming clearly. The dialogues were pre-scripted with some
multiple-dimensional branching in CSV file, and the sound was created through Google
Text-to-Speech speech synthesis. The participants interacted with the agent mainly by
clicking the sliders and buttons.

To better connect the user and the food, it is suggested to make user felt the food
and told it to the agent [12]. The agents asked some question about food in the aspect of
smells, interest, taste, sugar content and likable. After participant answered it, the agent
gave feedback based on the answer and also shared it’s feeling. For example, the agent
asked “How does the chocolate smell? Do you feel any flavor when you chew it?” If
the answer was positive, agent said “It is fun to experience smells. Isn’t it?”, if not, the
agent said “It is sometimes hard to tell the smells. Isn’t it?” Then, the agent shared its
feelings by saying “I slightly feel some flavors like flower.” (see Fig. 2).

For that self-disclosure of the agent was effective in encouraging healthy behaviors
[13], the agent talked about some healthy tips it took in the daily life conversation, such
as “I am trying to go to sleep early and get up early recently. Then, I can make breakfast
myself.” The healthy tips were not directly related to the food educational contents but
revealed the role of the agent.

Healthy Eating Tips-
Let's enjoy! Cutting Down on Sugar

)/ u b
v |
x/ \X '/ Are you ready?
Y o GRS

Fig. 1. The agent ate with participant (left) and gave food education lecture (right).

2.3 Food Education Workshop

The topic of food education workshop was set as “free sugars intake”. Some people
eating alone were faced with the risk of unhealth diet included sweet snacks and sweet
beverage [7, 14]. According to WHO’s guidance, free sugars is monosaccharides and
disaccharides added to foods and drinks, and sugars in honey and fruit juice. For both
children and adults, it is strongly recommends reducing the intake of free sugars to less
than 10% of total energy intake to avoid the risk of chronic disease [15]. On the other
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(1) Question about food (2) Feedback based on user’s answer (3) Agent’s feeling

Fig. 2. An example of the flows of dialogue about food between participant and the agent.

hand, sugar (monosaccharides and disaccharides) is not specifically listed in Japanese
Nutrition Facts Label. People need to extrapolate the sugar content from amount of
carbohydrates, and it may cause some difficulties to grasp and control the sugar intake.

In the food education workshop, there was an online pre-test, a co-eating session,
a food education session, and a post-test. There were three goals of the workshop in
knowledge, skills, and attitudes respectively, which were (1) understanding methods
and resources to promote sugar control, (2) being able to use effective information to
develop sugar control strategies, and (3) respecting norms, attitudes, and values about
sugar control.

Co-eating Session. In the co-eating session, both the agent and the participant ate
dark chocolate. Compared to other sweet snacks, dark chocolate was relatively low in
sugar, low in glycemic index, and contained cocoa daphne and minerals. There were
4 pieces of dark chocolate for the agent and the participant. The agent ate half the
chocolate at a time and the cycle of eating was about 45 to 50 s. For participants, the
eating amount and eating timing were decided by themselves. During co-eating, the
agent and participants had conversations about daily life and food. The co-eating was
at least 5 min and if the conversation was not completed within 5 min, the co-eating
continued.

Food Education Session. The lecture on food education given by the agent was
made by the experimenter based on a supplementary teaching material called “Healthy
eating out skills for school children” published at Taiwan Health Promoting School [16]
and adjusted to match the situation in Japan. It contained three parts and one in-class
question at the end of each part (see Fig. 3). The first part was “Definition and guidance
of free sugar”, which was about knowledge of WHO’s guidance and skill of calculating
daily sugar intake limit [15]. The second part was “Nutrition facts label and Standard
Tables of Food Composition in Japan”, which was about the skill of accessing nutrition
information and calculating sugar content from labels on food products or standard
tables made by MEXT [17]. The third part was the “Traffic light diets system”, which
was about the skill of long-term sugar control. The lecture was about 15 min, and it
varied depending on the speed of answering the questions.
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Fig. 3. The in-class questions at the end of each part of food education.

2.4 Environment

The experiment was conducted in a lab at a university. There was a seat for the co-eating
session and food education session and another seat for the participant to take a rest
between sessions. In both sessions, the participant sit in front of a table with a large
screen (32 inches), a keyboard, and a mouse for interacting with the agents. A cup of
water, disinfectant alcohol, and Kleenex were also placed on the table, which participants
could use as they liked. In addition, there was a plate with four pieces of chocolate in
the co-eating session (see Fig. 4). Two cameras recorded the experiment.

Fig. 4. The environment in the co-eating session (left) and the food education session (right).

2.5 Data Collection and Analysis

The data of the co-eating experience in the workshop, the impression of the co-eating
agent for food education, and the learning outcome were collected. The question used
for co-eating experience and impression of the co-eating was adapted from previous
co-eating agent research [11].

Co-eating Experience. Eating amount and the subjective feeling of co-eating were
investigated. The eating amount was counted by the experimenter after the experiment
and the smallest unit was 0.5 pieces. A 7-point Likert scale questionnaire (1: strongly
disagree, 7: strongly agree) was used to investigate the subjective feelings, including
“perceived meal similarity” (CE1-CE3), “tastiness” (CE4-CE6) and “feeling of having
meal together” (CE7-CE9).

Impression of the Co-eating Agent for Food Education. A 7-point Likert scale
questionnaire (1: strongly disagree, 7: strongly agree) was used for investigating impres-
sion of the co-eating agent, including “closeness” (C11-Cl4), “trust” (Tr1-Tr5), “social
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presence in the aspect of reality” (SP1-SP5), and “social presence in the aspect of com-
panionship” (SP6-SP12). In “social presence in the aspect of reality”, items were about
whether participants felt the agent as real beings [18]. In “social presence in the aspect
of companion”, items were about whether participants and agents maintain attention to
each other [19].

Learning Satisfaction. Learning satisfaction was investigated in the aspects of
knowledge, skill, attitude, and confidence via a 7-point Likert scale questionnaire (1:
strongly disagree, 7: strongly agree) was used for investigating the learning satisfaction,
including “knowledge” (LS1), “skill” (LS2), “attitude” (LS3), “confidence” (LS4) and
the satisfaction in the workshop (LS5-LS7). LS5-LS7 were adapted from the question-
naire in online course research that asking the satisfaction on the instructor and course
[20], and other 4 item were self-made.

Learning Outcome. The learning outcome was investigated in the aspects of knowl-
edge (0-9 points), skill (0-9 points), and attitude (1-7 points). The questions were check
box questions, fill-in questions, short answer questions, and 7-point Likert scale ques-
tions. There were 9 items for knowledge, which measured the understanding of which
food contains free sugar, and the daily sugar daily sugar intake limit according to WHO
guidance were measured. There were 9 times for skill, which measured the ability to use
the energy intake table, nutrition label, available carbohydrates table, and traffic light
diet system to develop sugar control strategies. There were 10 items of 7-point Likert
scale questions for attitude, which measured the attitude toward sugar control and paying
attention to sugar content. The score of attitudes was the average level of the 10 items.
Because the scores in the pre-test and post-test were paired and normally distributed, a
paired samples t-test was conducted to explore the learning outcome.

Free Description Question and Interview. There was a free description question
in the questionnaire and an interview participant to describe the felt and thought in the
experiment. The interview was semi-structured with some behavior events questions,
asking the general feeling and when the participant felt eat together, closeness, trust and
the social presence. Their thoughts on sugar and nutrition labelling were also asked.

2.6 Experimental Procedures

The experiment consisted of the co-eating session and the food education session. It
lasted about 60 min in total. The following procedure was followed:

1. Explain the experiment to the participant in writing, then obtain the signatures on a
consent form through email.
2. Let participant fills in the online pre-test.
3. Invite participant to the lab and conduct digital food education workshop.
a. Let participant and an agent greet each other, and then eat with the agent for about
5 min.
b. Let participant take a rest and set the table.
c. Let participant take an interactive lecture from the agent for about 15 min.
4. Let participant fill in the post-test, questionnaire and conduct the interview.
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3 Results

3.1 Co-eating Experience

On average, the co-eating agent ate 3.5 (SD = 0.26) pieces of chocolate, and the par-
ticipant ate 2.8 (SD = 1.06) pieces of chocolate. According to the 7-point Likert scale
questionnaire, the participants had a positive attitude toward the “perceived meal simi-
larity” (M = 6.3, SD = 0.79), “tastiness” (M = 5.6, SD = 0.96) and “feeling of having
meal together” (M = 5.9, SD = 0.99). Participants agreed that they felt the agent’s virtual
dark chocolate similar to their dark chocolate, felt the dark chocolate was tasty and felt
eating together with the agent (Fig. 5).

Co-Eating Experience

7.0

59
6.0 slg

5.0
4.0
3.0
2.0

1.0
Perceived meal Tastiness Feeling of having meal
similarity together

Fig. 5. Bar chart of co-eating experience

3.2 Impression of the Co-Eating Agent

According to the 7-point Likert scale questionnaire, the participants had a positive atti-
tude toward “closeness” (M = 5.2, SD = 1.01), “trust” (M = 5.9, SD = 0.57), “social
presence in the aspect of reality” (M = 4.6, SD = 1.14) and “social presence in the aspect
of companion” (M = 4.6, SD = 1.05) (see Fig. 6). Participants agreed that they trust the
agent and slightly agreed that they felt close, reality and companion to the agent.
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Impression of the co-eating agent
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Fig. 6. Bar chart of impression of the co-eating agent

3.3 Learning Satisfaction and Learning Outcome

According to the 7-point Likert scale questionnaire, the participants had a positive atti-
tude toward learning satisfaction in “knowledge” (M = 6.7, SD = 0.49), “skill” (M =
6.1, SD = 0.90), “attitude” (M = 6.3, SD = 0.78) and “confidence” (M = 5.5, SD =
1.00) and also had a positive attitude toward the satisfaction of the food education work-
shop (M = 5.6, SD = 1.16) (see Fig. 7). They strongly agreed that “the workshop helps
them understand the knowledge of sugar intake”, agreed that “the workshop is helpful
for their future regulation of sugar intake”, “makes them pay attention to sugar intake”,
“increases their confidence in the regulation of sugar intake” and thought the workshop
and the agent were worth recommending.

In the pre-test, participants’ average scores were 5.0 (SD = 2.66), 2.6 (SD = 1.49)
and 4.7 (SD = 0.79) in knowledge, skill and attitude respectively. In the post-test, par-
ticipants’ average scores were 7.6 (SD = 0.90), 5.8 (SD = 2.46) and 5.6 (SD = 0.58)
in knowledge, skill and attitude respectively. To compare the scores in the pre-test and
post-test, a paired samples t-test was conducted. It was significantly different in knowl-
edge (#(11) = 3.15, p < 0.01), skill (#(11) = 4.46, p < 0.01), and attitude (#(11) = 3.95,
p < 0.01) (see Fig. 8). It suggested that their scores were significantly improved.
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Learning satisfaction
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Fig. 7. Bar chart of learning satisfaction
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Fig. 8. Bar charts of test scores in pre-test and post-test in knowledge, skills (left) and attitude
(right).

3.4 Relationship Between the Impression and Learning Outcome.

In order to explore whether the impression of the virtual food and co-eating agent related
to their learning in food education, we calculated the learning outcome as the total score
of the post-test minus the total score of the pre-test and conducted Pearson correlation
coefficient tests. Pearson correlation coefficient showed that perceived meal similarity
significantly highly correlated with the learning outcome (correlation coefficient = 0.84,
p < 0.01). Though the social presence in the aspect of companion moderately correlated
with the learning outcome, it was not significant (correlation coefficient = 0.42, p =
0.18). No other significant relationships were found between the impression and learning
outcome (Figs. 9 and 10).
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Fig. 9. Scatter plots of co-eating experience and learning outcome.
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Fig. 10. Scatter plots of impression of the co-eating agent and learning outcome.

4 Discussion

To achieve effective co-eating agent for food education, this study aimed to explore how
learners thought about food educational co-eating agent and whether their food literacy
have been improved. In addition, intended to explore the role of co-eating agent with
virtual food in food education, we have investigated the relationship between the par-
ticipants’ impression of food educational co-eating agent with virtual food and learning
outcome.

4.1 Learning Satisfaction and Learning Outcome in Food Education Provide
by Co-eating Agent

To answer RQ1 (Does the food education provided by the co-eating agent improve
participant’s food literacy?), we have developed a food education workshop given by the
co-eating agent and evaluated participants’ learning satisfaction and learning outcome.
The questionnaire showed that participants were satisfied with learning and felt the
agent as an instructor and the workshop to be recommended. The pre-test and post-
test showed that participants’ food literacy about sugar was significantly improved in
knowledge, skill, and attitude.

In the post-test, we have estimated the degree of achievement of each learning goal.
About the first learning goal (understanding methods and resources to promote sugar
control), most of the participants (N = 11) answered the daily free sugar intake limit in
the WHO guidance correctly. They got a general understanding of the definition of free
sugar and the accuracy of identifying food with free sugar was 6.6 out of 8 on average.
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About the second learning goal (being able to use effective information to develop sugar
control strategies), most of them correctly calculated the daily free sugar limit through
the energy intake table (N = 11). About half of them correctly calculated the sugar
content through the nutrition label (N = 7) and available carbohydrates table (N = 5),
the others made mistakes because of total weight or including starch. Besides, five of
them answered food choice strategies correctly according to the traffic light diet system.
There was still room for progress on this goal. About the third learning goal (respecting
norms, attitudes, and values about sugar control), participants thought it was important
to control sugar intake, pay attention to sugar content, and include sugar in the nutrition
label. However, there were still some participants who thought that when he/she is busy,
he/she tends to get energy from food with a lot of sugar (N = 7).

It is suggested that co-eating agents for food education could improve food literacy,
but it still needs some improvements in teaching calculations and providing specific
situational suggestions.

4.2 The Role of Co-eating Agent in Food Educational Workshop

To answer RQ2 (Is the impression of the co-eating experience and co-eating agent
related to participants’ learning in food education?), we have evaluated participants’
impression of the co-eating experience, the impression of the co-eating agent, and the
learning outcome. The questionnaire showed that participants had a good time co-eating
and had a positive impression of the co-eating agent in general. The co-eating agent
could act as a close and trustworthy food educational instructor by having co-eating
activities and giving food education with well-structured and reliable sources.

The Pearson correlation coefficient showed that perceived meal similarity signifi-
cantly highly correlated with the learning outcome. The more participants thought the
agent’s food was similar to their own, the better the learning outcome. It has shown a
potential of providing similar food to support food education, which needs further study
with comparison. In addition, it is needed to explore how to maintain or improve the
perceived meal similarity, such as customize the eating time or impression of the food
of the co-eating agent.

5 Conclusion

In this study, we intended to achieve effective food education by developing a virtual
co-eating agent with the capability of eating virtual food and teaching structured food
education. We explored the subjective feelings and learning outcomes in food education
provided by a co-eating agent. The results showed that the participants felt the sense
of eating together with the agent, had a positive impression of the agent, had positive
learning satisfaction and their scores were improved. In addition, a relationship was
found between perceived meal similarity and learning outcomes. Based on the result
of the user study, the effectiveness and role of the co-eating agent for food education
were discussed. It is suggested to provide co-eating activities with structured educational
content and explore how to maintain the perceived meal similarity of co-eating agent
for food education.
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Abstract. Nowadays, short-videos have become one of the most popular applica-
tions worldwide. Statistics indicate that short-video applications have more than
1 billion users around the world, which means that the contents in different plat-
forms come from different countries and regions, and also represent various soci-
eties and cultures. In other words, short-videos have become an important medium
for cross-cultural communication today. For users, if they cannot use short-video
applications, they will lose the channel for cross-cultural content production, com-
munication and reception. Therefore, the issues related to the media technology of
short-video applications have become the objects that must be considered in the
field of human-computer interaction research. This study believed that in the cur-
rent age, on the one hand, research on technology affordance needs to be conducted
continuously; on the other hand, how the impact of technology on user behavior
would change is also a question to be concerned about. Consequently, based on the
theoretical framework of the stimulus-organism-response (SOR) model, this study
explores the impact of different affordances on the internal state of the organism
and the correlation with cross-cultural usage responses.

According to the SOR model, this study adopted the four dimensions of tech-
nological affordance - association, visibility, persistence, and editability - as the
source of stimuli for cross-cultural users of short-video applications; perceived
self-efficacy as an organism’s internal state; and response was investigated by mea-
suring users’ behavioral engagement intentions. Under the quantitative approach,
this study found through data analysis that technology affordance as a stimulus can
influence an individual’s internal state and thus the response, generating a behav-
ioral intention to continuously participate. Finally, with the findings, this study
made some suggestions for short-video applications on subsequent cross-cultural
practices.
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1 Introduction

Nowadays, short-video has become one of the most popular modes of communication
in the world, and short-video platforms have also become indispensable application
programs in media devices for users. According to publicly available data released
by FastData in July 2023, TikTok - the world’s most downloaded mobile short-video
application in 2022 - has more than 1.6 billion users worldwide [1]. Based on the statistics
of statista.com in October 2023, the countries with the largest number of TikTok users
are the United States (143.4 million), Indonesia (106.52 million), Brazil (68.89 million),
Mexico (62.61 million) and Vietnam (59.12 million). Although statistically speaking
a large number of TikTok users are located in Asia and America, in fact, there are a
considerable number of users in Europe (such as Turkey with 35.74 million users), Africa
(such as 34.85 million in Arab countries) and Oceania (such as 8.5 million in Australia)
[2]. This means that the short-video content in the TikTok application is being generated
by users in different countries throughout the world, and that the content being generated
by these users originates from the different societies and diverse cultures all over the
planet. Therefore, some studies [3—5] have provided support for the argument that short-
videos, represented by TikTok, are an important means of cross-cultural communication
in today’s era.

In the past, cross-cultural studies related to short-video mostly focused on commu-
nication strategies [6], symbolic narration [7], usage behavior [8] and media literacy [9].
Among these studies, the Chinese academia has focused in particular on studying the
construction of the national image through short-videos. For example, Li et al. believed
that it is necessary to actively explore “Chinese Story” in the dimension of daily life
based on the concept of the human community with a shared fate and the concept of
facing the common feelings and values of human beings [5]; Xiao and Zhang have
advanced the argument that that creators should pay special attention to the narrative
function of non-verbal symbols in Chinese short-videos [10]; Wang and Sun believed
that in the process of cross-cultural communication attention should be accordance to
the identification and maintenance of short-video in its emotional aspects, which result
in empathic communication [11]. In point of fact, the perspectives offered by Chinese
research on short-video have not departed from the range of existing studies. At the same
time, the importance of technology is broached to a greater or lesser degree in these stud-
ies. However, there have been relatively few studies about short-video media technology
in cross-cultural contexts. The importance of technology in the future, especially in the
development of human-computer interaction, is unquestionable [12].

When short-video bears the function of cross-cultural communication, the issues
related to its application technology become objects requiring consideration. Although
this study did not adopt the position of technological determinism, it is equally undeniable
that the development of communication technology and changes in media forms are key
components of social evolution [13]. Given such a background, on the one hand, research
on media technology needs to be carried out on an ongoing basis. For users, the lack of
technology to support the use of short video applications prevents the communication
of their cross-cultural content. On the other hand, based on the users’ use of technology
to their perception of technology (including the content presented through technology)
as well as their feedback, we can discuss the influence of technology on user behavior.
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Therefore, based on the theoretical model of stimulus-organism-response (SOR), this
study took the technology affordances of short-video applications as the external stim-
ulus, and explored the influence of different affordances on the internal state of users
(organisms) and the relationship with the cross-cultural content use responses.

2 Theoretical Background and Hypothesis Building

2.1 SOR Model

In 1974, the SOR model was proposed to describe how the environment affects human
behavior, thereby exploring the role of various stimuli on an individual’s cognitive or
psychological responses and the subsequent generation of behavioral responses. Accord-
ing to Mehrabian and Russell, the model has three key elements, namely, environmental
stimuli (S), internal states of users (O) and responses (R) [14]. Environmental stimuli
refer to the people’s external stimuli such as the store atmosphere and the website’s
quality [15]. User internal states refer to the users’ internal state, including their emo-
tional state and cognitive state [ 16]. Responses refer to the reactions of their perceptions,
including the approach response and the avoidance response [ 14]. After years of develop-
ment, the SOR model has been widely used in studies related to user behavior, providing
an important theoretical basis for studying the formation path and influencing factors of
user behavior [17].

In prior studies, the SOR model has been used frequently to investigate issues related
to new media and new technologies. For example, Sohaib et al. applied the SOR model
to the study of perceived website characteristics on consumers’ responses [18]. Tian
and Lee studied the relationship among social media interactivity, perceived value, an
immersive experience, and continued purchase intentions [19]. Hu et al. suggested that
with the superiority of the online environment, cues and signals from online store ele-
ments become stimuli in the virtual space of human-computer interaction, as studied
through the SOR model [20]. In addition, Lv et al. adopted the SOR model to study
short videos, and noted that the generation of the information-sharing willingness of
short video marketing users is a typical dynamic process of external information stimu-
lation causing changes in the organism and generating information-sharing willingness
[21].

Thus, this study used the SOR model to explore the relationship between media
technology and users’ perception and behavioral intention. The three components of the
SOR model are described in the following sections.

2.2 Technology Affordance as Stimulus

In 1979, Gibson proposed the concept of affordance in ecological psychology. Accord-
ing to him, there is objective information in the environment, and it marks the possibility
of interaction between the animal body and the environment, so the “pick up” of the
objective information should become the main contents of psychological research or
sensory research [22]. Accordingly, he argued that the concept of affordance should
be used to describe what a specific environment provides for animals, that is, what the
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environment provides or furnishes - whether it is good or bad - there is complementar-
ity between animals and the environment [22]. Today, this concept of affordance has
gradually become clearer, and it now emphasizes the relationship between the actor and
his environment, the characteristics that the environment possesses to meet the needs
of users [21], and the behavior offered to actors as possibilities [22]. In 1988, Norman
adopted a functional definition of affordance and introduced affordance into the field
of industrial design and created “design psychology”, thereby marking the first time
that the concept of affordance appeared in inter-disciplinary research. Although some
researchers have counterargued that affordance is a fictional chimera [23], the concept
of affordance has nonetheless been deployed by an increasing number of scholars in
a wide array of fields, including information, communication, technology and cultural
research.

Along with the ongoing deepening of the concept of affordance, the theoretical focus
of scholars has gradually shifted from attaching importance to environmental changes
to discussing the relationship between users and technology. For example, Markus et al.
[24] advanced the concept of affordance related to information technology, which is
called “functional affordance”, which denotes the goal action-oriented possibilities pro-
vided by technology to specific user groups. This conceptualization of technological
affordances has emphasized human agency [25], and a potential for action [26]. Chang
argued that digital technology has special effects that affect people’s cognition, attitudes,
emotions and even behavior due to some of its natural characteristics [27]. There are also
scholarly perspectives that covered both users and technology. For example, Erofeeva
believed that the technology affordance is neither part of the natural or artificial envi-
ronment, nor of the perceiving subject, but is a product of their interaction [28]. In sum,
the prior literature has identified several affordances, including reviewability, recom-
binability, and experimentation [29]; persistence, visibility, association, and editability
[30]; and network-informed associating, metavoicing, generative role-taking, and trig-
gered attending [26], and it has been demonstrated that these have differing effects on
such things as organizational knowledge collaboration, socialization, flow of knowledge,
power relations, and knowledge sharing [31].

In this study, association, visibility, persistence and editability were adopted from
Treem and Leonardi’s study as the external manifestations of affordance of short-video
applications. According to Treem and Leonardi, association denotes the established
connections between individuals, between individuals and content, or between an actor
and a presentation [30]. It has been found through past research that two forms of
association affordance exist in social media. The first type of association, that of one
individual to another, is most commonly referred to as a social tie, while the other form of
association is that of an individual to a piece of information. In other words, association
affordance refers to the possibility of establishing connections between individuals or
between individuals and content [32]. And this is in line with the characteristics of
the new medium of short-video applications - that is, interactivity. When users browse
cross-cultural short-video contents on short-video platforms, they not only can view
other users’ comments on the short-video, but also browse other videos of the same type
due to the algorithm of the platforms.
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Visibility, according to Treem and Leonardi, is tied to the amount of effort peo-
ple must expend to locate information [30]. Leonardi suggested that the consciousness
of “who knows what” and “who knows whom” will increase through visibility, thus
enabling users to identify experts in relevant fields and acquire related knowledge from
other users [33]. Meanwhile, visibility affordance also makes users’ behaviors and social
information widely known within the organization [34]. And thus drives users to man-
age their self-presentation through information contribution to create a more favorable
impression, which is helpful to gain access to key resources in organizations [35]. Based
on the findings of previous studies, this study assumed that that when browsing cross-
cultural short-videos, a user will look for what he perceives as an expert based on from
the publishers, commenters, and will express his/her own views and opinions on some
specific short-videos.

Some scholars have argued that communication persists if it remains accessible in the
same form as the original display after the actor has finished his or her presentation [36].
Persistence as used here refers to the notion that information remains available to users
and does not expire or disappear [30]. Such an affordance has also been referred to as
reviewability [37], recordability [38], or permanence [39]. As Erickson and Kellogg have
noted, this concept of persistence entails a variety of new uses and practices: persistent
conversations may be searched, browsed, replayed, annotated, visualized, restructured,
and recontextualized, with what are likely to be profound effects on personal, social,
and institutional practices [40]. This study concluded that persistence affordance results
in the long-term existence of cross-cultural content in short-video applications, thereby
allowing users to view and reuse it whenever they need it, and this is moreover helpful
in improving users’ perceptions and recognition of cross-cultural contents.

Editability refers to the fact that individuals can spend a good deal of time and effort
crafting and recrafting a communicative act before it is viewed by others [41]. Sun et al.
suggested that editability affordance allows users to codify their tacit knowledge into
explicit knowledge, and in addition to modify or revise content progressively, thereby
reducing the time and effort normally required to organize and compile knowledge from
scratch [31]. Editability can also refer to the ability of an individual to modify or revise
content that he or she has already communicated, including such straightforward acts
as editing a spelling error or deleting content [42]. As such, editability is a function
of two aspects of an interaction: communication formed in isolation from others, and
asynchronicity [30]. In short-video applications, editability is manifested as a function
whereby users modify and delete the comments published by themselves. At the same
time, their published comments can be browsed by other users for a long time (unless
the short-video is deleted by its publisher), so asynchronicity is also reflected.

2.3 Perceived Self-efficacy as Organism

In 1977, Bandura first conceptualized self-efficacy [43], and believed that a person’s
self-efficacy was based on four sources of information: past performance or mastery
experiences; vicarious experiences of observing the experiences of others; verbal persua-
sion or social feedback and affective or physiological states [44]. According to Bandura,
self-efficacy is defined as an individual’s ability to deal with and cope with circumstances
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in the face of unpredictable and stressful situations [45]. Specifically, self-efficacy influ-
ences people’s choice of activities, how much effort they will expend, and how long
they will sustain effort in dealing with stressful situations [46]. Pajares asserted that
self-efficacy is central to human behavior [47], because it influences people’s thought
patterns, emotions, and actions, which means, it can influence the totality of human
behavior [48]. This is the reason why self-efficacy has generated research in several
areas such as health management [49], computer use [50], psychology [51], work-related
performance [52], information literacy [48], and web-based learning [53].

The influencing factors for an organism’s perceived self-efficacy to be elicited vary
across studies. For users of short-video social media, the influencing factors include tech-
nical pressure, environmental stimulation and emotional fluctuation [54]. The present
study similarly argued that the rules of media use shaped by the technological affordance
of short-video applications constitute technological pressures on users in the process of
using them. Such a media environment can stimulate the perceived self-efficacy of short-
video application users, and then determine their perseverance and resilience in the face
of adversity, as well as the extent of that efforts that they exert in completing a task [55].
Therefore, the following hypotheses were proposed in this study:

e H1: Association affordance can positively influence users’ perceived self-efficacy.
e H2: Visibility affordance can positively influence users’ perceived self-efficacy.

e H3: Persistence affordance can positively influence users’ perceived self-efficacy.
o H4: Editability affordance can positively influence users’ perceived self-efficacy.

2.4 Behavioral Engagement Intention as Response

Engagement is the behavior of a user who interacts with the media consistently [56].
The concept of engagement has attracted considerable attention in multiple fields of
research including social psychology, organizational behavior, marketing, service man-
agement, and information systems [57]. Although some studies have suggested that user
engagement behavior is a behavioral indicator of user satisfaction and loyalty [58-60],
the term “engagement” has generated a tremendous amount of debate and disagreement
regarding its definition, dimension, and operationalization. Moreover, the interpretation
of user participation remains fraught with ambiguity and controversy [58]. In spite of the
wide range of conceptualizations that have been proposed for it, researchers have chiefly
studied user involvement from three main perspectives [58], which are the psychological
process [61], behavioral performance [62], and motivational psychological state [63].
In particular, from the psychological process perspective, researchers have considered
engagement as a psychological process that leads to rewards and loyalty from customers
[61]. Thus, psychological processes can be considered as a convergence perspective of
the motivational psychological state and the behavioral performance.

Previous empirical studies have found that users’ perceived self-efficacy affects the
extent of their behavior [55]. For short-video applications, user engagement can not
only improve users’ perceived value, satisfaction and loyalty but also attract new users
[64]. Therefore, this study focused on the individual’s behavioral engagement intention,
which is the user’s willingness to continue to use the short video application to engage
in cross-cultural interactions. Although there are conceptual differences between actual
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engagement behavior and behavior engagement willingness, the two are thought to be
closely related [63]. This study hypothesized:

e HS: Users’ perceived self-efficacy can positively influence their behavioral engage-
ment intentions.

Association

Visibility Perceived H5 Behavioral
Self-Efficacy g Engagel;nent
. Intention
Persistence

Editability
\ Technology L S )
S~ Affordance -~ timulus

_—— e e = ——— -

Organism _— Response

Fig. 1. Proposed theoretical framework and hypotheses

The SOR theory is used in this study to build a clear theoretical framework and to
formulate hypotheses (see Fig. 1) by considering the technology affordance of short-
video application as the stimulus (S), the perceived self-efficacy of short-video appli-
cation users as the organism (O), and the users’ behavioral engagement intention as
the response (R). In doing so, it explored how the external environment stimulates the
experience of users of short-video applications and further generates an intention to
continuously engage.

3 Methodology

3.1 Data Collection and Analysis

This study collected data through an online questionnaire. The questionnaire included
a question designed to determine whether the respondent had experience in watching
cross-cultural content short-videos. A total of 400 questionnaires were distributed and
327 valid questionnaires (81.75%) were obtained. After the data collection, the respon-
dents’ demographic information was obtained through descriptive analysis. The sample
comprised 168 (51.4%) men and 159 (48.6%) women (see Table 1). Exploratory factor
analysis was performed to test the reliability and validity of the variables, and struc-
tural equation modeling (SEM), completed in AMOS 26.0, was used to determine the
confirmatory factor analysis and model fit indices of the theoretical framework.

3.2 Measurements

The questionnaire was developed on the basis of instruments described by other studies
(see Table 2). Specifically, association affordance was measured using scales adapted
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Table 1. Respondent Demographics

Category Frequency %
Gender Male 168 514
Female 159 48.6
Age Under 30 years old 206 63.0
31-50 years old 101 30.9
Over 51 years old 20 6.1
Country of Residence Asian 133 40.7
European 100 30.6
American 33 10.1
African 29 8.9
Oceanian 32 9.8
Region of Residence City 230 70.3
Town 63 19.3
Village 34 10.4
Education Under Bachelor 44 13.5
Bachelor 211 64.5
Master 44 13.5
Ph.D 28 8.6

from Pee [32]. The scale used to measure visibility affordance was from Treem and
Leonardi [30]. The items for persistence and editability affordance came from Sun
et al.’s and Rice et al.’s previous research [39]. User’s perceived self-efficacy was mea-
sured through a scale developed by Tsai and Tsai [65]. The question items used to
measure short-video applications users’ behavioral engagement intentions for cross-
cultural content came from the study by Fang et al. [57]. A 5-point Likert scale ranging
from 1 (“strongly disagree”) to 5 (“strongly agree”) was used to measure the items of
the constructs.

3.3 Reliability and Validity

Cronbach’s alpha (CA), factor loadings (FLs), composite reliability (CR), and average
variance extracted (AVE) were used to test the reliability and validity of the questionnaire
(in Table 3). The CA, FL, CR, and AVE values were all within the acceptable range
recommended by Hair et al. [66]. In addition, as indicated in Table 4, all square roots
of the AVE (in bold) for the variables were greater than the intercorrelations of the
variables, indicating discriminant validity. To test for common method bias, this study
referred to Podsakoff et al. [67] and performed the Harman single-factor analysis [68].
The results showed the variance explained by the first factor was below the cutoff value
of 50%, indicating that this study was not disturbed by common method bias.
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Construct

Items

Ref

Association
(AS)

Through short-video
applications, I can...

AS1: connect with users of
different cultures

AS2: find new cross-cultural
content through what I know

AS3: find new users who don’t
recognize this content through
cultures I’m familiar with

(Pee [32])

Visibility
(VD

Short-video applications allow
me to...

VI1: show my cultural content
to others

VI2: show others what I know
about my culture

VI3: capture the attention of
specific users in a cross-cultural
community

(Treem and Leonardi [30])

Persistence
(PE)

With short-video applications, I
can...

PEL1: find previous information
about other different cultures

PE2: stay in touch with others
while my activities, work, or
location changes

PE3: find content or comments
after they have been posted

(Sun et al. [31])

Editability
(ED)

Short-video applications allow
me to...

ED1: create and revise content
before other users see it

ED?2: edit content in a
short-video after posting

ED3: collaborate with others to
create or edit cross-cultural
contents

(Rice et al. [42])

(continued)
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Table 2. (continued)

Construct Items Ref
Perceived Self-Efficacy PSEL: I think I know how to use | (Tsai and Tsai [65])
(PSE) a short-video application like

‘Reels’ or ‘Tik Tok’

PSE2: I think I know what
‘short-video’ is about

PSE3: I usually feel lost or
confused when I am seeking
cross-cultural content on the
short-video application

PSE4: I am good at searching
for information on the
short-video applications
PSES: I am confident in
handling a short-video
application like ‘Reels’ or ‘Tik
Tok’

PSEG6: I think I am the kind of

person who can make good use
of the short-video applications

Behavioral Engagement 1 would like to... (Fang et al. [57])
Intention
(BEI)

BEI1: continue to use the
short-video applications

BEI2: participate in events
organized by the short video
applications

BEI3: recommend the
short-video applications to other
users who are looking for
cross-cultural content

Confirmatory factor analysis was conducted using AMOS 26.0, and the results are
within a widely accepted range (¥ 2/df = 1.106 RMSEA = 0.018, CFI = 0.994, NFI =
0.941, IFI = 0.994, TLI = 0.993, and AGFI = 0.931). All values indicated that model
fit indices met the recommended values [69]. Therefore, the construct validity of the
questionnaire was acceptable.

3.4 Structural Equation Model

To further explore the correlations between the variables, a structural equation model was
developed. The results of the fit indices are presented in Table 5. The results indicated
that all model fit indices meet the recommended values [69]; therefore, the structural
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Table 3. Reliability and Validity

Construct Loadings | Cronbach’s alpha | AVE |CR
Association AS1 0.706 0.770 0.531 |0.771
(AS) AS2 1 0.703

AS3 0.771
Visibility VIl 0.766 0.816 0.599 |0.817
VD V2 0771

VI3 0.783
Persistence PE1 0.739 0.827 0.620 | 0.829
(PE) PE2  0.796

PE3 0.816
Editability ED1 |0.794 0.799 0.575 |0.801
(ED) ED2  0.710

ED3 0.762
Perceived Self-Efficacy PSE1 |0.757 0.888 0.570 | 0.888
(PSE) PSE2 | 0.736

PSE3 |0.758

PSE4 |0.739

PSES |0.763

PSE6 |0.775
Behavioral Engagement Intention | BEI1 | 0.747 0.817 0.597 |0.816
(BEI) BEL2 |0.824

BEI3 |0.749

AVE, Average Variance Extracted; CR, Composite Reliability.

equation model of this study was determined to have good fit. The B values derived for
the proposed framework are presented in Fig. 2.

The data showed that users’ perceived self-efficacy was positively and significantly
correlated with their behavioral engagement intentions (8 = 0.510, p < 0.001). There-
fore, hypothesis 5 proposed in this study is supported. Regarding technical artifacts, there
was a significantly positive correlation between the association affordances of short-
video applications and users’ perceived self-efficacy (8 = 0.314, p < 0.01). Therefore,
H1 was supported. Also, visibility affordances of short-video applications can positively
influence users’ perceived self-efficacy (8 = 0.157, p < 0.05). Hence, H2 was supported.
During the process of using a short-video application, there were significantly and posi-
tively related between users’ perceived self-efficacy and the persistence affordances and
editability affordances of the technological device (8 = 0.225, p < 0.01; g = 0.216, p
< 0.01, respectively). Therefore, both H3 and H4 were supported.
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Table 4. Mean, Standard Deviation, and Correlation

M SD 1 2 3 4 5 6
1.LAS | 3.417 0.883 |(0.728)
2.VI 13277 0872 0535 | (0.774)
3PE 3.192 0.900  0.615°" |0.423™" |(0.787)
4ED 3721 |0.828 0.583" |0.496™ |0.467° |(0.758)
5PSE |3.352 |0.815 |0.589™" |0.479™" |0.525™" 0.537" |(0.755)
6.BEI |3.692 0.875 0.590°" 10.393™" 0.474™ 0439 |0.498"" | (0.773)

*p < 0.05, **p < 0.01, ***p < 0.001; AS, Association; VI, Visibility; PE, Persistence; ED,
Editability; PSE, Perceived self-efficacy, BEI, Behavioral Engagement intention; Bolded values
indicate discriminant validity.

Table S. Structural Equation Model

Fit Indices Recommended Value Value
x2/df <30 1.299
Root Mean Square Error of Approximation (RMSEA) < 0.08 0.03

Comparative Fit Index (CFI) > 0.90 0.983
Normed Fit Index (NFI) > 0.90 0.929
Incremental Fit Index (IFI) > 0.90 0.983
Tuckere Lewis index (TLI) > 0.90 0.979
Adjusted Goodness of Fit Index (AGFI) > 0.80 0.921

Visibility 0.157* Perceived Behavioral
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1
1
1
1
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Fig. 2. Proposed framework with g values (*p < 0.05, **p < 0.01, ***p < 0.001.)
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4 Discussion

Based on the results of the data analysis, all of the hypotheses proposed in this study are
valid. These findings suggested that users’ intention to engage in usage behaviors (R)
for short-video applications increases as their perceived self-efficacy (O) for technology
affordance (S) increases. Consistent with the results of previous studies about SOR
modeling [21, 64, 70], the results of this study indicated that the SOR model is applicable
to the short-video application context.s Also, this study found that self-efficacy can affect
users’ behavioral engagement intention, which is also in line with previous study findings
[46, 54, 71]. With respect to media technology, the affordances of association, visibility,
persistence and editability all affect users’ perceptions of and subsequent use behavior of
media technology, and this finding substantiates the results of prior related research [72—
74]. Therefore, this study concluded that users’ perceived self-efficacy can be enhanced
by reinforcing their perceptions of technology affordances when they use short-video
applications to browse cross-cultural content, which ultimately makes it possible to boost
their intention to continue engaging with the use of short-video applications.

Through the findings of this study, some practical recommendations can be pro-
posed for the development of short-video applications and the communication of cross-
cultural short-video contents. In the future, providers of short-video applications need
to design simple and easy-to-operate systems to the maximum extent possible in order
to enhance users’ positive perception of media technology. Previous studies have found
that short-video users’ perceived usability and availability of media technology stimulate
their intention to continue watching [75]. According to this study, users’ perceived self-
efficacy can also have a positive effect on their behavioral engagement intention. That
is, when users find short-video applications to be good, useful, and functional, they will
use them more actively, which in turn will lead to the communication of cross-cultural
content in the applications. In this regard, many researchers have offered in previous
studies such recommendations as incorporating a light-weight interface design [54] to
make interaction easier and more flexible [64] as a way to build a unique “circle” culture
[76].

Building on past recommendations and considering the findings of this study, clearer
suggestions can be made from the perspective of technology affordance. First of all,
designers and operators of short-video applications should pay attention to the associ-
ation, persistence, and editability of short-video contents. According to this study, the
association, persistence and editability affordances of short-video applications can result
in users continuing to use media with confidence. Accordingly, the designers and oper-
ators of short-video applications can encourage users to actively obtain cross-cultural
contents through short-videos by setting specific themes, topics and activities in order
to garner more user activity. At the same time, the easy-interaction features of new
media can be used to stimulate users to publish information (short-videos, comments,
or forwards) in order to help promote the communication of multi-cultural contents.
However, the maintainers of short-video applications must strictly supervise short-video
contents, especially cultural contents from different regions, so as to prevent the negative
perceptions received by cross-cultural users due to misinformation and cultural conflicts.
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Furthermore, this study found that the positive correlation between visibility and
users’ psychological perception is relatively weak. In the future, designers and operators
of short-video applications may be able to improve the system algorithm and recommen-
dation mechanism so as to make it easier for users to obtain high-quality cross-cultural
contents during use. Alternatively, the user engagement mechanism of gamification [77]
can be added to encourage users to produce cultural content related to their own regions.
This requires the improvement of the association and editability of short-video appli-
cations in order to take into account the creative needs of user generated content. As
Norman - the first scholar to introduce the concept of affordance into the field of product
design - expressly emphasized, a designer’s job involves knowing the psychology of
people in relation to how things work [78]. In summary, short-video applications may
strive to design features that can afford or expand the association, visibility, persistence
and editability affordances to increase the possibility of users utilizing short-videos for
cross-cultural communication.

Finally, there are some shortcomings in this study that will require improvement and
development in the future. First, based on the sampling results, the samples in this study
are youths, and they may be less interested in cross-cultural contents than the general
population. In addition, young people usually have a higher acceptance of media tech-
nology. Accordingly, relevant research should be carried out for older populations in the
future. Second, although the samples in this study have diverse cultural backgrounds
as well as social experiences with a certain degree of diversity, their understanding of
the environment (including technical and humanistic) may differ. In addition, affor-
dance itself has the characteristics of diversity [78], which will affect the universality of
research findings and recommendations. Studies in the future may involve carrying out
comparative research on specific regions in order that these studies can propose more
effective specific recommendations. Finally, this study has adopted only association,
visibility, persistence and editability as the component dimensions of technology affor-
dance. In previous studies, scholars also extracted such other dimensions of affordance
as portability, availability, locatability, multimedia [74] modality, agency, interactivity,
navigability [79], etc. For the future, For the future, different dimensions of affordance
can be taken to develop further research to deepen the interpretation and application of
technology affordances.

Funding. This Study Was Supported by the High-Level Talent Research Project of Xiamen
University of Technology (YSK22019R).
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Abstract. Motivating individuals to adopt energy-saving behaviors is critical
for promoting environmental sustainability and addressing environmental issues.
Gamification, which involves incorporating game features into non-game envi-
ronments, has emerged as a potential strategy for promoting behavior change in
various domains. This study aimed to examine the relationship between gamifica-
tion elements, self-determination theory (SDT)-based motivational constructs, and
motivation for energy-saving behaviors. Specifically, it investigated the impact of
six game elements (personal profile, non-fixed structure, feedback, challenges,
competition, and social network) on individuals’ motivation towards energy-
saving behaviors. An experiment with a simulated game and questionnaire was
conducted at Tsinghua University with 40 participants. The measurement data
were analyzed using factor analysis and multiple regression analysis. Using a
novel combination of simulated games and questionnaires, the study assessed the
impact of different game elements on energy consumption. The study revealed a
substantial reduction of 49% in overall energy usage compared to the baseline,
indicating the effectiveness of gamification in promoting energy-saving behaviors.
Additionally, the findings also underscored the practical application of gamifica-
tion elements for energy conservation, emphasizing the importance of incorporat-
ing challenges, feedback, and social network to satisfy psychological needs and
enhance motivation in designing impactful interventions.

Keywords: Gamification - Self-Determination Theory (SDT) - Energy
conservation - Game elements

1 Introduction

The use of game design and game components has a long history in human-computer
interaction [1, 2]. Gamification is defined as the use of game design elements in non-
game contexts [3]. An aspect of gamification is the use of motivating affordances to
encourage specific behaviors [4]. Positive motivation is at the heart of gamification, with
an emphasis on exploiting the game’s inherent features to elicit an emotional reaction
from the player. The success of applying gamification strategies has paved the way
for empirical research into the effect of gamification on altering users’ perceptions of
gamified items and potential motivational elements for behavior changes in a variety of
situations involving diverse applications and designs.
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Energy conservation is a major and urgent problem in today’s society. In an age of
unprecedented population increase and excessive consumption, the emission-intensive
energy production that causes anthropogenic climate change is a serious global challenge
[5]. Emerging countries’ expanding energy-hungry middle classes and diminishing nat-
ural resources exacerbate the intensity of the dilemma. The increased cost of living is a
direct result of scarcity and the pressing need to conserve and reduce energy use. Since
1990, both residential CO2 emissions and overall home energy use have been on the
rise, making households a prime demographic to target [6]. Although human behavior
and the factors that influence it have a significant impact on energy consumption, there
has been mixed success in attempts to modify people’s behaviors.

Motivating individuals to adopt energy-saving behaviors is a critical aspect of pro-
moting sustainability and addressing environmental concerns [7]. Both intrinsic and
extrinsic motivation variables might contribute to the lack of desire to participate in
energy-saving actions [8]. While some individuals are intrinsically motivated by their
values and beliefs, others may require external incentives, rewards, or social influences
to stimulate their motivation. A combination of both intrinsic and extrinsic motiva-
tion strategies can be employed to effectively motivate individuals to adopt and sustain
energy-saving behaviors.

The utilization of gamification presents a promising approach that harnesses the
power of motivation and self-reflection [9]. This aligns with the principles of the Self-
Determination Theory (SDT), a psychological framework that delves into human moti-
vation and the factors that drive people to participate in specific actions. Incorporating the
principles of Self-Determination Theory (SDT) in designing gamified interventions for
energy conservation provides a strong rationale for enhancing motivation and promoting
sustainable behavior change. This research has important theoretical implications as it
provides empirical evidence for the application of Self-Determination Theory (SDT) in
the domain of energy conservation behavior.

2 Literature Review

2.1 Gamification and Behavior Change

Gamification is a powerful approach that capitalizes on the principles of game design
to enhance user engagement, motivation, and behavior change [3]. By incorporating
game elements and mechanics into non-game contexts, it transforms mundane tasks into
enjoyable experiences, driving individuals towards desired behaviors.

The appeal of gamification lies in its ability to leverage elements like challenges,
rewards, competition, and storytelling, which are inherent to games and capture individ-
uals’ interest and attention. In the realm of behavior change interventions, gamification
proves to be a valuable tool, utilizing game-like elements to influence and promote
positive behaviors [10]. It draws upon psychological mechanisms such as positive rein-
forcement, goal-setting, feedback, and social influence to motivate individuals toward
behavior change [11]. Through elements like points, badges, levels, leaderboards, and
virtual rewards, gamification provides immediate feedback and tangible rewards, rein-
forcing desired behaviors and boosting individuals’ motivation and engagement. The
social aspect of gamification, which may involve collaborative gameplay or sharing
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achievements with others, taps into social influence and social norms, further amplifying
the potential for behavior change [12].

2.2 Energy-Saving Behaviors and Motivation

Energy-saving behaviors refer to conscious actions taken by individuals to reduce their
energy consumption and promote sustainable energy practices [13, 14]. These behav-
iors play a crucial role in addressing environmental challenges and achieving long-term
sustainability. By conserving energy, individuals can contribute to the reduction of green-
house gas emissions, mitigate climate change, and preserve valuable natural resources.
Understanding the factors that motivate individuals to engage in energy-saving behaviors
is therefore of paramount importance in promoting environmental sustainability.

Self-determination theory (SDT) is a psychological framework that emphasizes
intrinsic motivation and the fulfillment of basic psychological needs as key drivers of
behavior [15]. SDT posits that individuals are motivated when their three basic psycho-
logical needs are satisfied: autonomy (the desire for choice and control), competence
(the need to feel capable and effective), and relatedness (the need for social connection
and belongingness) [16]. In the context of energy-saving behaviors, SDT provides a
valuable lens to understand the underlying motivations and psychological processes that
influence individuals’ engagement in sustainable energy practices. Several studies have
examined the motivational aspects of energy-saving behaviors, with a particular focus
on the three basic psychological needs outlined by SDT: autonomy, competence, and
relatedness.

2.3 Gamification in the Domain of Energy

The conservation of energy is a critical global issue due to the continued reliance on
fossil fuels and the resulting impact on climate change [17]. Households, as signifi-
cant energy consumers, are a key target group for intervention [18]. While behavioral
change is crucial for reducing energy usage, previous efforts have shown mixed results.
Gamification has emerged as a promising tool to motivate and educate individuals about
energy consumption and related concerns. Several studies have explored the application
of gamification in the energy-saving domain, providing valuable insights into its effec-
tiveness and potential. Geelen et al. [19] introduced a game-based intervention among
student households, which featured direct feedback, an online platform, team rankings,
and a game interface. The results showed significant enhancement in motivation to save
energy, with average savings of 24%. Moreover, Orland et al. [20] conducted a study
using a virtual pet game called “Energy Chickens” in a mid-size commercial office set-
ting. The results showed a significant decrease in energy consumption, with an average
reduction of 13%. Participants reported increased energy consciousness, highlighting
the efficacy of gamified interventions for plug-load energy conservation in commercial
offices.

Although the game-based intervention among student-households demonstrated
increased awareness, positive attitudes, and motivation to save energy, it is essential
to examine the long-term sustainability of behavior change and the extent to which these
game behaviors translate into lasting habits. Additionally, while studies like Orland
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et al. [20] have shown significant reductions in energy consumption through gamified
interventions, it is necessary to investigate the scalability and applicability of these find-
ings across different settings and populations. Therefore, further research is needed to
critically assess the effectiveness of specific game elements, scalability, and long-term
impact of gamification in stimulating energy savings and fostering sustainable behavior
change.

3 Research Framework and Hypotheses

3.1 Theoretical Framework

Aparicio et al. [21] presented a selection of game elements that match the objective
and satisfy the needs of human motivation based on the SDT is an effective framework
of gamification. In recent years Wee and Chong [22] adopted this framework and pro-
posed a categorization of nine core game elements into the three categories of SDT to
predict the usefulness of these elements in boosting the intrinsic motivation of users
to engage in energy-saving behavior in an energy campaign. The chosen game design
elements that enhance players’ satisfaction with autonomy, competence, and relatedness
needs were all validated by the study results. However, as of yet, this framework has not
been tested for its relationship with decreasing users’ energy consumption with mea-
surements. To fill the gap, this research introduces a suitable framework that integrates
established measurements and objective metrics in data collecting to increase the valid-
ity and dependability. The model for the proposed gamified energy system is depicted
in Fig. 1.

{ Input ‘ Process ‘ ‘ Outcome

Personal
Profile

Autonomy

Game Cycle

Non-fixed Motivation on Energy
Structure HI1 ) N gy
Conservation Behavior
Increase in
Feedback awareness of . 5
s H2 enerey H4 Decreasing user’s energy
Satisfaction consumption consumption

Challe .
* BEIlaVIOl

change towards
energy reduction

Relatedness
Satisfaction \ /

Competition

Social
Network

Fig. 1. Proposed model for gamified energy conserving system

The model is divided into three stages: input, process, and outcome. Personal pro-
files, non-fixed structures, feedback, challenges, competition, and social network, were
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selected to initiate a game cycle that includes judgments, knowledge of energy consump-
tion, and actions toward energy reduction. Throughout the process, users are expected
to be intrinsic and extrinsically motivated by the satisfaction of the three psychological
needs, which leads them to translate motivation into energy-conserving actions. As a
result, the consequence of using the system would encourage users to reduce their energy
consumption.

This study’s purpose is to evaluate the efficacy of gamification components in encour-
aging energy-saving behaviors in a simulated environment. The specific objective is to
investigate the relationships between gamification elements based on self-determination
theory (SDT) and users’ motivation in energy-saving behaviors. The following research
questions are presented to guide the study:

1. How can self-determination theory (SDT)-aligned gamification elements affect the
motivation of individuals to engage in energy-saving behaviors?

2. What effect do gamification elements have on individuals’ energy-saving behaviors
and consumption?

3.2 Hypotheses

The following are proposed using SDT as the theoretical framework and taking into
account the aforementioned literature:

e HI1: Motivation for energy-saving activities is positively associated to satisfaction
with autonomy needs.

e H2: Motivation for energy-saving activities is positively associated to satisfaction
with competence needs.

e H3: Motivation for energy-saving activities is positively associated to satisfaction
with relatedness needs.

e H4: The motivation on energy-reducing behaviors has a positive effect on decreasing
energy consumption.

Motivation for energy conservation practices includes boosting energy consump-
tion awareness and pushing behavior change toward energy reduction. Increasing envi-
ronmental awareness entails several steps, including identifying specific energy-saving
actions, acquiring knowledge, developing a deeper understanding of environmental and
energy-related issues, learning about electrical appliances explicitly, and comprehending
energy consumption patterns. Users may improve their energy awareness and knowledge
by using a gamification-based energy conservation system. This may be accomplished
by offering real-time insights into their energy use and allowing comparisons with typ-
ical energy demand for comparable equipment. Such interactive elements help users
understand their energy consumption and promote a feeling of responsibility toward
energy saving.
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4 Methodology

4.1 Experiment Design

The Sims 4 was utilized as the experiment game, due to its inherent suitability for testing
the desired game elements in this study. It is a well-known life simulation computer
game that Maxis created and Electronic Arts distributed. Sims are virtual characters that
may be created and controlled by users to be guided through many areas of their life,
such as relationships, careers, and everyday activities. The Sims 4 offers a rich virtual
environment that allows for the simulation of various aspects of daily life, including
household management and resource consumption. By leveraging the existing features
and mechanics of The Sims 4, the research objectives can still be effectively addressed.
The game provides a platform that contains the six core game elements summarized in
Table 1.

Table 1. Game Element details of The Sims 4

Game Element Elaboration

Personal Profiles Allow players to create and customize unique characters with distinct
personalities, appearances, and aspirations

Non-fixed structure | Players are free to explore and shape their virtual home in the world
according to their preferences

Challenge Players have to manage their characters’ needs, relationships, and
aspirations etc

Feedback Feedback mechanisms, such as meters and indicators, inform players
about their characters’ well-being, satisfaction, and progress

Social network Interact and form relationships with other virtual characters in the game
and engage in social interactions in a group chat for discussion with
other players

Competition Competition is introduced in the form of career progression, achieving

goals, and building successful virtual lives. In addition, all participants
are ranked by their energy usage for each round of the experiment for
competition

The Sims 4 offers a utility bill for the controlled sim’s household every game week.
In The Sims 4, utility bills are simulated expenses that players’ virtual households incur
for the consumption of various resources, such as water, and electricity. These utility
bills reflect the in-game usage of these resources by the Sims and their households.

Utility bills in The Sims 4 serve as a financial mechanism within the game, encour-
aging players to consider the resource consumption habits of their virtual households.
This simulates the real-life costs associated with resource usage and provides a means
for players to understand and manage their Sims’ household expenses.
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4.2 Experiment Tasks

The experiment design for this study involves two rounds of gameplay in The Sims
4, to examine the impact of energy-saving behaviors on utility bills in the game. The
experiment is conducted with a group of participants who have signed a consent form
and provided their personal information, including their name, and student ID.

In the first round, participants are introduced to the game and its basic controls.
They are guided through the process of creating their Sims characters, with instructions
to select young adults and personalize their characters based on their characteristics.
Participants then enter the game and select a specific house to move in. During the
first round of gameplay, participants are instructed to play for one game week, making
decisions for their sims, taking care of their sims’ needs, and managing their households.
They are specifically asked to mirror their daily routine in real life and make every
decision for their sim’s actions. Participants’ utility bills were recorded at the end of the
first-round experiment as a baseline measurement of their energy consumption.

After the first round of the game, participants are put together into a group chat for
further communication. The energy usage ranking from the first round is shared with
the participants, and they are informed about the energy-saving goal for the next round
of the experiment. Participants are then asked to share their thoughts on energy-saving
strategies within the game in the group chat. Suggestions include turning off lights when
not in use, removing non-essential appliances in build mode, or upgrading to higher-rated
appliances.

For the second round of the experiment, participants resume the game from where
they left off in the first round and continue playing for another game week. They are
reminded of the energy-saving goal and provided instructions on how to check their
energy usage throughout the week.

Before the end of the second round, the participants’ utility bills were recorded once
again. This enables a direct evaluation of any changes in energy usage induced during
gameplay. The players are then requested to complete a post-experiment questionnaire.

4.3 Measurements

During each round of the experiment, the resulting utility bills of each player were
recorded to measure the energy consumption of the simulated households. The utility
bills served as an indicator of the energy usage within the game and provided valuable
insights into the players’ virtual energy consumption behavior. Changes in energy use
were noted and the impact of energy-saving methods taken by the participants was
determined by examining the utility bills throughout two rounds of the experiment.
Since majority of the players were observed to perform energy-saving behavior, we
denote positive changes as energy-saving. A higher value indicated greater amount of
energy being conserved in the game.

The post-experiment questionnaire was divided into five sections. Section A con-
sisted of demographic information and game experience. Section B measured satisfac-
tion with autonomy (H1) included 3 items on personal profile and 4 items on non-fixed
structure. Section C measured satisfaction with relatedness (H2) included 7 items on
challenge and 3 items on feedback. Section D measured satisfaction on competence
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(H3) included 5 items on competition and 3 items on social network. Section E con-
sisted 7 items measuring motivation on energy saving behaviors. The assessment items
used in this study were modified and adapted from a previous study by Wee & Choong
[22].

5 Results

5.1 Participants’ Profile

A total of 43 students from Tsinghua University were recruited to attend as the partici-
pants of the experiment. Recruitment was conducted through messages sent in WeChat
groups consisting of Tsinghua University students. Of the 43 students recruited, 40
ultimately participated in both rounds of the experiment. The sample consisted of 22
male (55%) and 18 female (45%) participants. 52.5% were postgraduate students, while
47.5% were undergraduates. The sample was primarily composed of mostly local stu-
dents (87.5%), with only 12.5% being foreign students. The mean age of the participants
was 22.8 years, with a standard deviation of 3.006.

5.2 Model Evaluation

Confirmatory Factor Analysis. Since the questionnaire items were adopted from pre-
vious study, confirmatory factor analysis was performed to ensure that the items accu-
rately reflected the measurements in this study. Based on the results, we deleted items
with a factor loading of below 0.5, which included Ppro2, Ppro3, Ch2, Ch6, and Fb3.
There were only three items in personal profile while two had to be deleted, we found
it unfit to only use one item to measure this factor, therefore we decided to remove
the entire factor, which left us with only non-fixed structure under the autonomy scale.
It could be due to the irrelevance of personal profile in affecting energy conservation
actions and the final utility bills.

Internal Consistency. After deleting the items, internal consistency was tested using
the Cronbach’s alpha coefficient. A value of above 0.7 showed good internal consistency
for each factor and satisfaction scale. The reliability coefficients for all four sections of
the questionnaire were found to be acceptable. Non-fixed structure (o = 0.805), challenge
(o = 0.840), feedback (o = 0.817), competition (o = 0.873), and social network (o =
0.825) were all well above 0.8. The coefficient for section B (Autonomy Satisfaction)
was o = 0.805, for section C (Competence Satisfaction) it was oo = 0.845, for section D
(Relatedness Satisfaction) it was oo = 0.882, and for section E (Motivation) it was a =
0.896.

Regression Model. The data passed the normality test (p>0.05) and a multiple regres-
sion analysis was conducted on the five game elements and the motivation on energy
conservation behaviors. The model is statistically significant (F(5,34) =7.717,p<0.001)
with an adjusted R Square value of 0.463. Table 2 showed the detailed multiple regres-
sion analysis. Challenge (t =2.35, p = 0.025), feedback (t = 2.50, p = 0.017), and social
network (t = 2.46, p = 0.019) were all statistically significant, indicating a strong pos-
itive relationship between satisfaction of these three factors with motivation for energy
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conservation behaviors. This also indicated that competence needs have a strong positive
relationship with motivation, as both challenge and feedback fall under this scale, sup-
porting hypothesis 2. In contrast, non-fixed structure under autonomy satisfaction and
competition under relatedness satisfaction, although not statistically significant, were
found to be inversely related to motivation. As such, hypothesis 1 was not supported,
while hypothesis 3 was partially supported

Table 2. Multiple regression analysis

Coefficients: Beta Std. Error t p
(Intercept) 0.983 0.569 1.73 0.093
Non-fixed structure —0.205 0.140 —1.47 0.152
Challenge 0.421 0.180 2.35 0.025*
Feedback 0.254 0.102 2.50 0.017*
Competition —0.162 0.127 —1.28 0.209
Social network 0.379 0.154 2.46 0.019*

5.3 Energy-Reducing Behavioral Results

Hypothesis 4 examined the positive influence of motivation for energy-reducing behav-
iors on decreasing energy consumption in the game environment. Means and standard
deviations of the utility bills before and after informing participants on the goal were
recorded in Table 3. Utility bill before is indicative of the user’s baseline energy con-
sumption. Baseline data was found to be normal (p > 0.05) whereas utility bills after
did not pass normality (p < 0.05), we assumed normality and used paired t test for
comparing means between these two groups.

Table 3. Descriptive statistics of measured energy consumption

Mean SD
Utility bills before 148 35
Utility bills after 75 47

Based on the paired t test, the utility bills after significantly lowered (t = 8.58, p <
0.001) when participants were told to conserve energy. With the exception of three par-
ticipants who had higher utility bills after, the remaining participants all demonstrated
energy conservation behavior. On average, the amount saved is 73 with a standard devi-
ation of 54. The findings revealed a significant reduction in overall energy consump-
tion, with a 49% decrease from baseline, indicating the efficacy of the gamification
intervention.
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5.4 Correlation Test

Pearson’s correlation test was conducted on the three psychological needs and motivation
with actual behavioral changes observed in the game. From Table 4, autonomy (t = 2.21,
p = 0.03, corr = 0.34) and competence (t = 2.24, p = 0.03, corr = 0.34) were shown
to have a low positive correlation with the behavioral changes. As with regards to the
self-reported motivation scale, competence (t = 5.38, p < 0.001, corr = 0.65) had a
high positive correlation, while relatedness (t = 2.37, p = 0.02, corr = 0.36) had a low
positive correlation.

Table 4. Pearson’s correlation test

t p Cor
Psychological needs with behavioral data
Autonomy 2.21 0.03* 0.34
Competence 2.24 0.03* 0.34
Relatedness 0.52 0.60 0.08
Motivation 1.19 0.24 0.19
Psychological needs with motivation
Autonomy 1.36 0.18 0.22
Competence 5.28 < 0.001* 0.65
Relatedness 2.37 0.02 0.36

The difference in result of significant scales indicated that self-reported values may
not be representative of how an individual would actually perform in real life. Non-
fixed structure under autonomy gave players the freedom to navigate around in the
game, which caused them to behave differently, although they may not feel that it is this
flexibility that shaped their behavior. Competition and social network under relatedness
were more actively experienced by the participants, which spurred their motivation to
react differently in and out of the game.

6 Discussion and Conclusion

6.1 Discussion

The findings of this study are partially in line with the results of a previous study by
Wee and Choong [22], which suggested that gamification is an effective way to increase
university students’ motivation for energy-saving behaviors. The results showed that
satisfaction with competence needs had a significant positive effect on users’ motivation
for energy conservation behavior, which is consistent with this research. However, in
contrast to previous studies, this study did not find a significant relationship between
satisfaction with autonomy, and only partial relevance to relatedness needs, on users’
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motivation to conserve energy. While Wee and Choong [22] focused on the effect of
game elements before implementing a gamified energy-saving campaign, this study
contributes to the literature by incorporating a simulation game to measure the actual
energy consumption of motivated users. These findings suggest that incorporating actual
experiments to measure energy consumption data could result in different conclusions
compared to relying solely on questionnaires.

A notable finding emerged regarding three participants who exhibited a significant
decrease in utility during the second round of the experiment compared to the first round.
Interestingly, these participants actively embraced energy-saving practices by opting for
more energy-efficient appliances and implementing various conservation actions. Their
conscientious efforts included actions such as consistently turning off lights, reducing
cooking activities and minimizing computer usage. This substantial reduction in util-
ity among these participants reflects the positive impact of their behavioral changes on
energy consumption. Their proactive approach toward adopting energy-efficient appli-
ances and engaging in energy-saving behaviors demonstrates a promising trend in achiev-
ing sustainable energy practices. Specifically, participants diligently replaced their out-
dated appliances with energy-efficient alternatives, contributing to a more environmen-
tally conscious lifestyle. These findings provide valuable insights into the effectiveness
of gamification strategies and the integration of Self-Determination Theory in motivating
individuals to adopt energy-saving behaviors.

The theoretical implications of this research include providing empirical evidence
for the application of Self-Determination Theory (SDT) in the context of energy con-
servation behavior. This highlights the relevance and utility of SDT in understanding
the motivational factors that influence behavior in various domains. Additionally, this
research presented a novel research design that combines a simulation game and ques-
tionnaire to measure the relationship between three psychological needs based on the
SDT and energy conservation behavior. By incorporating actual consumption data this
study avoided the desirability bias of using self-report data only.

The practical implications of this study are significant for researchers and developers
in the field of energy conservation and sustainability. The findings suggest that when
designing gamified energy saving systems, it is crucial to carefully consider design
factors such as game elements, goals, and game mechanics to satisfy players’ three basic
needs based on the SDT. Implementing game design elements that promote users’ sense
of competence to motivate energy-saving behaviors could be effective in fostering energy
conservation behavior among users. Therefore, greater emphasis of future developers
should be placed on designing game elements specifically on challenge, feedback, and
social network to push for greater motivation in energy conservation behaviors.

6.2 Limitations and Future Recommendations

Although the study showed promising results, there were limitations. The sample size of
the experiment was small, with only 40 valid responses on the questionnaire and exper-
imental measurements. The small sample size might have affected the experiment’s
statistical significance, which could explain why two of the hypotheses were not sup-
ported. In this study, only six game elements were selected based on the framework
developed in Aparicio et al. [21] to meet the environment of the selected simulation
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game. Other game elements could potentially be a good fit for increasing the three psy-
chological needs satisfaction. In the future, when designing an energy-conserving game
system, it is recommended to explore the effect of more game elements on satisfying
the three psychological needs. Another limitation was the experiment was conducted in
the simulation game “The Sims 4”, as a well-developed role-playing game, the game
includes many other unnecessary features that could distract or affect the players. In the
future, it is recommended to conduct actual measurements of users’ energy consumption
in real-life using a well-developed serious game and to observe the long-term effect of
such a system on users’ changes in lifestyle and habits.

6.3 Conclusion

Recognizing a gap in the existing research, this study adopted a unique research
design that incorporated both a simulation game and a comprehensive questionnaire.
By employing this innovative approach, this study examined the influence of six-game
elements (personal profile, non-fixed structure, feedback, challenges, competition, and
social network) in enhancing the motivation of individuals on energy-saving behaviors.
Out of which, only five elements were used in the final data analysis, with challenge,
feedback, and social network found to positively impact the fulfillment of the basic
psychological needs specified by SDT. Additionally, the results demonstrated a sub-
stantial reduction of 49% in overall energy usage compared to the baseline, indicating
the effectiveness of gamification in promoting energy-saving behaviors. This highlights
the significance of addressing users’ competence needs and an emphasis on social net-
work when designing effective interventions to promote energy-saving behaviors. By
understanding the effects of gamification elements on motivation, policymakers, design-
ers, and researchers can develop effective interventions to promote sustainable energy
consumption practices.

Disclosure of Interests. The authors do not have conflict of interest.
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Abstract. Based on the previous outcomes [1], the study utilized a laboratory
experiment including 30 participants to explore the impact of color-touch cross-
modal correspondence on the temporal integration of multimodal information.
This experiment adopted an intra-group design, and all participants were required
to complete a series of multimodal perception tasks and stimulation level judg-
ment tasks in the same environment. In each trial, a vibration stimulus, and a color
stimulus, each lasting 100 ms would appear. There might be a stimulus onset
asynchrony (SOA) between two stimuli. After the stimuli combination, partic-
ipants had to finish a temporal judgment task to determine the order in which
two stimuli appeared. The independent variables of this experiment were stimuli
combination type and SOA. Among them, the stimuli combination type is also
tied with color chroma level (2 levels, high or low), vibration amplitude level (2
levels, high or low), and cross-modal correspondence (2 levels, high or low). There
were two dependent variables in the experiment to evaluate the judgment process,
namely accuracy and reaction time. As for results, firstly, cross-modal correspon-
dence had no significant impact on temporal judgment. Besides, other independent
variables (SOA, stimuli combinations, vibration amplitude levels, color chroma
levels and the sequence of stimuli) had some impacts on accuracy and reaction
time (RT). Although the experiment did not discover the relationship between
color-touch cross-modal correspondence and temporal integration of multimodal
information, further research could adjust the experimental design based on this
to further explore related fields.

Keywords: Multimodal Perception - Cross-Modal Correspondence - Time
Perception

1 Introduction

1.1 Significance

Multimodal information bombardment is pervasive, and the redundant and complex
information may increase an individual’s cognitive load. Many studies have shown con-
sistent correspondence between stimulus features in different sensory modes. For exam-
ple, people always associate louder sounds with brighter objects [2], and this mapping
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relationship is defined as cross-modal correspondence. In traditional research methods,
research on multimodal perception only focuses on the role played by spatiotemporal
factors. Considering that academia has generally accepted the existence of cross-modal
correspondence at present, it is not comprehensive to explore the multimodal integration
process from the perspective of time, space, and other environmental factors, and the cor-
respondence relationship between each single mode may also have a significant impact
on multimodal spatiotemporal integration. Therefore, we should incorporate the corre-
spondence between cross-modal correspondence into the research process of multimodal
spatiotemporal integration, and conduct research and exploration on it. By utilizing the
relevant achievements of cross-modal correspondence, we can help general users reduce
cognitive load, improve the efficiency of information processing, and thereby enhance
individual efficiency and comfort.

The previous human-computer interaction interface mainly focused on the output
of sound and vision. In future multimodal interfaces, more types of information will
enhance the user experience from different perspectives. People have begun to attach
importance to the multimodal user experience, by matching color and vibration in the
interaction system. This study contributes to recommendations for multimodal interface
design, promoting multimodal perception integration, avoiding the confusion of similar
stimuli in time and space, improving the information processing efficiency of target
modalities, and guiding the allocation of attentional resources.

1.2 Theoretical Background

Cross-modal Perception. Cross-modal perception refers to the perception process in
which humans use two or more different sensory modalities, and there are interactive
relationships between each modality [3]. So far, researchers still tend to believe that in
multimodal perception, each sensory channel maintains relative independence, but at the
same time, some factors influence each other. The definition of cross-modal perception is
relatively broad, and in a broad sense, cross-modal perception even includes synesthesia.
Multimodal information presentation can provide users with more information presenta-
tion paths during the interaction process, which helps to establish a more comprehensive
information presentation system. Having more effective modal channels can enable the
system to provide users with stronger accessibility. When certain modal channels can-
not be perceived normally, other modal channels can serve as backup communication
methods [4].

Cross-modal Correspondence. Cross-modal correspondence can generally be defined
as non-random associations of cross-modal sensations [5]. Numerous studies have shown
that, apart from some special cross-modal correspondence, perceptual mapping between
different modalities is more common in the general population. Most cognitive neuro-
science research on multisensory perception is attempting to understand cross-modal
mechanisms, model them theoretically [6], and investigate the spatiotemporal factors
of multisensory channel integration [7]. In a broad sense, the more different forms of
stimuli can appear simultaneously, the more likely cross-modal perceptual integration
is to occur [8].
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Color-touch Cross-modal Correspondence. Although there have been many studies
on the relationship between color vision and other sensory perceptions [9-12], only a
few have explored the cross-modal correspondence between color vision and touch. In
related research, tactile feedback is generally presented in the form of simulating touch or
simulating vibration, making the tactile experience of the participants controllable while
maintaining authenticity. Martino and Marks studied the systematic correspondence
between visual brightness (black and white) and vibration frequency [13]. Ludwig and
Simner also explored the non-random cross-modal correspondence relationship between
color and tactile stimuli [14]. In addition, in a study by Elliot and Arts, participants
were required to manually pinch open a small metal clip after seeing red, blue, or
gray paper. The results showed that participants who saw red had the highest average
force and speed when pinching things, indicating that red perception may be closely
related to stronger force perception [15]. Another study by Kahol et al. showed that
color perception through tactile feedback can assist visually impaired patients. After
encoding a specific color using tactile feedback, participants were able to reproduce the
approximate area and range of a specific color using only tactile feedback [16]. A study
by Delazio et al. showed a significant positive correlation between color concentration
(chrome) and vibration amplitude [17]. Slobodenyuk et al. investigated the cross-modal
correspondence between touch and color. Participants need to use colors to describe
simulated tactile stimuli of different frequencies and intensities [18]. After analyzing
hue, saturation, and brightness, it was found that under the strongest tactile stimulation,
the selected hue features of the participants tended to be red, purple, and blue spectra;
Under the weakest tactile stimulation, the color scheme chosen by the participants tends
to be yellow and green spectra [18]. Based on these studies, our previous study once
again demonstrated a strong correspondence between color perception and vibration
perception. At the same time, this correspondence will affect the accuracy and reaction
time of single mode judgment in multimodal perception [1]. Except for it, there is limited
research on the impact of color-touch cross-modal correspondence. It is expected that in
this experiment, the influence of cross-modal correspondence of visual touch perception
on various factors in multimodal temporal integration would be explored.

1.3 Related Temporal Concepts

This section provides a description of 3 different temporal indicators (simple reaction
time, temporal order judgment, and stimulus onset asynchrony).

Simple Reaction Time (RT). Since the beginning of time dimension research in psy-
chology, simple reaction time (RT) has always been the simplest and most popular
method. In specific tasks, participants need to press the button as soon as they receive
the stimulus. We refer to the time difference between the stimulus appearing and the
button being pressed as simple reaction time. The simple reaction time decreases with
the increase of stimulus intensity [19] and cross-modal correspondence [1].

Temporal Order Judgment (TOJ). Time perception can be evaluated through tem-
poral order judgment (TOJ) tasks [20]. Researchers present two types of stimuli with
different properties (such as vibration and color) using different stimulus intervals, and
the task of participants is to indicate which stimulus appears first.
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Stimulus Onset Asynchrony (SOA). Stimulus onset asynchrony (SOA) is a time mea-
surement method used in experimental psychology, which represents the length of time
between the start of one stimulus S1 and the start of another stimulus S2. The definition
of stimulation is relatively broad and can include information from various modalities
such as images, sounds, words, vibrations, etc. The short time interval between S1 and
S2 may lead to the interaction of information processing between these two different
modalities, so we need to explore the subjective time perception of the human body
under different time asynchronies [21].

SOA I | Reaction Time

I " ‘ " |me>

User's
response

Fig. 1. Stimuli, SOA and RT

2 Research Framework

In previous studies, the existence of cross-modal correspondence in color tactile percep-
tion has been explored. Among them, the cross-modal correspondence between color
chroma and vibration amplitude is the most common [1]. In the following text, “cross-
modal correspondence” specifically refers to “cross-modal correspondence between
color chrome and vibration amplitude.”. The study aims to explore the impact of color
tactile cross-modal correspondence and other factors on the accuracy of temporal judg-
ment and RT in multimodal time integration perception. To study the issue, several
hypotheses are listed as follow:

H1A. In multimodal perception of color and touch, cross-modal correspondence would
have a significant negative impact on the accuracy of temporal judgment tasks. That
is, color-vibration stimuli combinations with strong cross-modal correspondence can
hinder participants from accurately judging the order in which stimuli appear first.

H1B. In multimodal perception of color and touch, other variables (SOA, ABS, stimuli
combination type, stimuli sequence, vibration amplitude level and color chroma level)
would have the impact on the accuracy of temporal judgment tasks.

H2A. In multimodal perception of color and touch, cross-modal correspondence would
have a significant negative impact on the RT of temporal judgment tasks. That is,
color-vibration stimuli combinations with strong cross-modal correspondence can hinder
participants from rapidly judging the order in which stimuli appear first.

H2B. In multimodal perception of color and touch, other variables (SOA, ABS, stimuli
combination type, stimuli sequence, vibration amplitude level and color chroma level)
would have the impact on the RT of temporal judgment tasks.
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The current related research is still in a blank stage, and the series of hypotheses
are entirely based on deductive reasoning. We speculate that in multimodal perception,
stimuli with high cross-modal correspondence are more likely to generate coupling, and
multiple stimuli are more likely to generate associations in cognition, making it more
difficult for participants to distinguish them.

3 Methods

3.1 Participants

G * Power was used to calculate the number of participants. Under the condition of
one-way ANOVA, the effect size is taken as f = 0.7, and the confidence level is taken
as o = 0.05, and the statistical power is taken as (1-8) = 0.8, with a level of 4. The total
sample size was 28, requiring at least 28 participants.

In the formal experiment, a total of 30 students from Tsinghua University partici-
pated in the experiment. All 30 individuals had no color perception disorders such as
color blindness or color weakness, and their vision or corrected vision were normal
without any tactile damage. Their naked or corrected vision was 4.8 or above. There
are 14 male participants and 16 female participants in the test group, with an average
age of 22.23 years. All participants had not participated in any other cross-modal corre-
spondence experiments before the experiment and did not have any relevant knowledge
background. After completing the experiment, each participant received a participant
fee of 45 yuan as experimental compensation.

3.2 Apparatus and Stimuli

iPhone 11 was used as the operating device, with a system of i0S 14.0.1. A flat tabletop
provided the support for the participants’ arms. In addition, a series of disposable earplugs
were prepared for the experiment to isolate noise. The experimental development is based
on the iOS system and uses XCode 12.4 as the platform.

Based on the previous study, the 2 groups of stimuli were selected [1]. For vibra-
tion stimuli, we fixed frequency of vibration and changed the vibration perception by
changing amplitude. The two vibration stimuli are as follows: (1) High-level vibration
stimulation: F = 180, A = 90; (2) Low-level vibration stimulation: F = 180, A = 40.

For color stimuli, The CIELCh(uv) color model was adopted for data collection
and analysis, including lightness, chroma, and hue. We fixed the lightness and hue, and
achieved the correspondence by setting different chroma levels, shown in Fig. 2: (1)
High-level vibration stimulation: L = 50, C = 130, H = 12°; (2) Low-level vibration
stimulation: L = 50, C = 60, H = 12°;

L=50, C=130, H=12 L=50, C=60, H=12

Fig. 2. Color stimuli used in the experiment
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3.3 Experimental Design

This experiment adopted an intra-group design, and all participants were required to
complete a series of vibration perception tasks and color selection tasks in the same
environment. The pre-experiment covered various levels of SOA and different com-
binations of stimuli, allowing participants to become familiar with specific operating
methods and perceive different time differences in advance.

This experiment included two main independent variables: stimulus modality com-
bination and SOA. (1) Stimulus modality combination. The main independent variable
was stimulus mode combination, which included different levels of color mode chroma
and vibration mode amplitude, as shown in Table 1. In the experiment, we designed the
order of appearance of stimulus mode combinations through factor design. (2) SOA.
SOA refers to the time between the appearance of the previous stimulus and the appear-
ance of the next stimulus. Due to the different sequence of stimuli, SOA was defined
as the time between vibration and color, consisting of 16 different preset time interval
levels, namely +500 ms, 4300 ms, 4200 ms, +150 ms, +100 ms, +50 ms, +50 ms, +
25 ms, +25 ms, 0 ms (repeated once), —25 ms, —50 ms, —100 ms, —150 ms, —200 ms,
—300 ms, —500 ms, —500 ms. Besides, the variable ABS was defined as the absolute
value of SOA (ABS = ISOAI). For SOA, the symbol represented the order in which the
stimulus appeared. “+” represents the color appearing first, and “—" represents the color
appearing later. The relationship between sequence and SOA is shown in Fig. 1(a).

Table 1. Stimuli Combination Type

Stimuli Type Amplitude Level Chroma Level Correspondence Level
1 High High High
2 High Low Low
3 Low High Low
4 Low Low High

3.4 Tasks and Procedures

The participants came to the laboratory and read and signed the informed consent form
before the experiment began. The experimenter explained the basic process, operation
methods, and precautions of the experiment to the participants, and disinfected the mobile
phones. Before the experiment begins, the color weakness test was conducted to avoid
color blindness and color weakness affecting the experimental results.

Each participant was asked to use a stable posture to hold the phone with one hand.
They chose to hold it with either hand according to their preference, while they needed
to use their other hand to click on the phone screen. Throughout the process, the relative
spatial position and clicking method of their hands were required to remain stable.
Participants would be informed that their accuracy and RT would not be included in the
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Visual Block Trial
stimuli

SOA >0
Rest 10+s
SOA =0 stimuli

(a) (b)

Fig. 3. Experimental design: (a) SOA settings and (b) the experiment procedure

performance evaluation, but would be used as indicators to judge whether they answer
seriously, ensuring that they were focused and relaxed.

There are 9 groups in the experiment, with the first group being a pre-experiment
and the following 8 groups being formal experiments, shown in Fig. 3(b). In the pre-
experiment, participants could be familiar with different levels of single-mode stimulus
and the formal experiment procedure. The formal experiment was arranged on factor
design, with fixed intra-group order and random inter-group order. Each group had 28
sequence judgment tasks, with the first 4 being warm-up tasks to avoid the turbulence.
During the process, the brightness settings remained constant. There was a total of 224
temporal judgment trials, including 4 * 8 = 32 warm-up tasks and 16 * 4 * 3 = 192
effective judgment tasks. In the formal experiment, there were 16 levels of SOA and
4 types of stimuli combinations, with 3 repeated measurements under each condition.
After completing each group of experiments, participants needed to hold their phones
steadily, rest for at least 10 s, and follow the instructions to input the parameter settings
for the next group. After completing all tasks, the experimenter would conduct interviews
with the participants. Each participant would receive 45 RMB as a reward.

Experiment

END: Group 1

28 trials

ina group i

ol = vio m Next Group Group
or

Continue Ext e
it

Focuson the cross Vibration and color appear Judge which stimulus Click “Continue’

- appearsfirst tostartnexttia

Fig. 4. Experimental design: the procedure of a certain trial

The process of a single trial was shown in Fig. 4. Before each task, a crosshair would
appear in the center of screen to help the participants maintain focus. The crosshair
disappeared automatically after two seconds, followed by a vibration stimulus and a color
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stimulus, each lasting 100 ms. The two stimuli might not appear at the same time with
different levels of SOA. After the stimuli completely disappears, the participants needed
to perform a sequence judgment task. After completing the perception of combined
stimuli, participants needed to make a sequence judgment, that is, the color stimulus
appears first, or the vibration stimulus appears first, or both appear at the same time.
Then participants should click the button to make a choice. The stimuli combination
could not be repeatedly perceived, and the answer cannot be modified.

3.5 Data Analysis

The experimental data of the participants is stored in real-time in the CSV document of
the mobile phone, and each participant will provide 224 valid data points. After using
Python for data preprocessing such as format conversion, merging, and correction, the
final data form is obtained, which includes a series of variables, as shown in Table 2.
After testing, the data of 30 participants showed no outliers and passed the Shapiro Wilk
normality test. The experiment used Minitab 19 and Python 2.7.1 to analyze the data. In
the analysis process, the significance level is taken as a = 0.05. We conducted variance
analysis on each variable combination and obtained a series of significant effect terms
that affect the accuracy and RT of judgment.

Table 2. Variables and descriptions

Variables Descriptions

soa soa = vibration appearance time — color appearance time

abs abs = [soa]

symbol symbol = |soa|/soa (while soa = 0, symbol = null),
represents the sequence of stimulus occurrence

correspondence {0, 1}, O for high correspondence, 1 for low correspondence,

(corres) named consistency in figures

type {1,2, 3,4}, as Table 1

vib {0, 1}, O for low-level vibration, 1 for high-level vibration

color {0, 1}, O for low-level color, 1 for high-level color

key {—1, 0, 1}, the key for the task

answer {—1, 0, 1}, the answer for the task

result {0, 1}, if key # answer, result = 0; key = answer, result = 1

accuracy accuracy = the mean of result

RT unit in seconds, as shown in Fig. 1, named delta_t in figures
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4 Results

4.1 Cross-Modal Correspondences

The descriptive statistics of accuracy and RT under different levels of correspondence, as
Table 3. On this basis, analysis of variance was performed. Cross-modal correspondence
had no significant impact on accuracy and RT. In other words. The cross-modal corre-
spondence would not significantly impact the accuracy and RT of sequence judgment
tasks under parameters selected. H1A and H2A were rejected.

Table 3. Descriptive Statistics and ANOVA for full SOA levels - correspondence

corres result (F = 0.04, p = 0.842) RT (F=1.86,p =0.173)
Mean Std Mean Std

0 0.6879 0.4635 0.9690 0.2313
0.6854 0.4644 0.9896 0.6159

4.2 One-Way ANOVA to Accuracy and Reaction Time

To explore the impact of various independent variables on asynchronous stimulation, we
would now explore the case where the SOA is not zero. As shown in Table 4, one-way
ANOVA was conducted on the accuracy and RT using the first seven independent factors
from Table 2. “*” represents o < 0.05 and “—" represents 0.05 < @ < 0.1 The results
were shown in Table 4. For accuracy, type, SOA, ABS, sequence of stimulus occurrence
(symbol), and vibration level (vib) had a significant impact on accuracy, while color
level (col) had a slightly significant impact on accuracy. For RT, only SOA and ABS had
a significant impact on RT.

Table 4. One-way ANOVA (soa # 0)

Resource D.F. result RT
F p R-sq F P R-sq

corres 1 0.00 1.000 0.00% 1.59 0.207 0.03%
type 3 2.79 0.039%* 0.17% 1.59 0.190 0.09%
soa 13 452.16 0.000* 53.91% 47.22 0.000* 53.91%
abs 6 970.16 0.000%* 53.63% 100.37 0.000* 10.69%
symbol 1 9.14 0.003* 0.18% 0.01 0.931 0.00%
vib 1 4.55 0.033* 0.09% 3.00 0.083 0.06%
col 1 3.82 0.051- 0.08% 0.16 0.685 0.00%
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4.3 SOA, ABS and Occurrence Sequence

SOA. Based on each level of SOA, accuracy and RT were briefly described in Table 5
and Fig. 5. When soa = 0, the accuracy reaches 0.9125. The simultaneous occurrence
of different modal stimuli can guide participants to make relatively stable and accurate
judgments. Overall, the larger the absolute value of SOA, the higher the accuracy. Intu-
itively, when the SOA is negative (symbol < 0), that is, when the color appears first, the
average accuracy of the participants is higher.

Interval Plot of result vs soa Interval Plot of delta_t vs soa
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13
10 & 13
- ¢
. x J
$ & ,,,+ 1 .
08 _ & 1 / R
f $- N
= 10 1 N\
= 06 * P pay p? .
- s ; 1
¢ FoRCS /
g z ;
04 08 4
*
LY / 07
02 N /
$ y.4 . ¢ »
&
00 5
500 300 -200 150 10 50 -25 O 25 50 100 150 200 300 500 500 -300 200 -150 100 -50 -25 0 25 50 100 150 200 300 500
s0a soa
The pooled standard deviation s usedto calculate the intervals. The. is

Fig. 5. Interval plot of result and RT (soa)

The RT indicator directly reflects the degree of confusion of the participants when
making choices, that is, to what extent this combination of stimuli and judgment tasks
will cause hesitation, thereby improving the participants’ RT. Under the same conditions,
there should be a trend of shortening the RT as the correctness improves. As shown in
Table 5, the difference between the RT at soa = 0 ms and the average RT at soa = 25 ms
in the experiment is less than 1%. The average accuracy of soap at 25 ms is only 0.05,
and most participants may mistake it for simultaneous occurrence, meaning that when
the vibration appears slightly earlier than the color, the participants have a very similar
perception of the two. In the subsequent analysis, in addition to SOA itself, we will also
perform variance analysis on the ABS factor and the sequence of stimulus occurrence
(symbol).

ABS. As shown in Fig. 6(a) and Table 6, except for soa = 0, the larger the ABS,
the better the accuracy. If accuracy were required to reach 80%, the interval between
stimuli should be at least 150 ms, that is, the interval between stimuli should be 50 ms.
If the accuracy was desired to reach over 90%, the interval between stimuli should be at
least 200 ms, which means the interval between stimuli should be 100 ms (one stimulus
duration). When abs < 100 ms, participants are prone to misjudging combinations with
time differences as occurring simultaneously, resulting in an accuracy rate below 0.5.
While abs = 25 ms, participants tend to believe that stimuli occur simultaneously and
are prone to making incorrect choices without thinking.

As Fig. 6(b), RT reached its peak at abs = 50 ms, while abs = 100 ms was
close to it. However, there was a significant difference in accuracy (M esuir(abs=50) =
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soa result RT
Mean Std Mean Std

—500 1.000 0.000 0.6359 0.3108
—-300 0.9750 0.1563 0.7969 0.3990
—200 0.9444 0.2294 0.9260 0.5686
—150 0.8278 0.3781 0.9991 0.5079
—100 0.6167 0.4869 1.1592 0.6146
-50 0.2333 0.4235 1.1449 0.5847
-25 0.1250 0.3312 1.1273 0.6348
0 0.9125 0.2828 1.0400 0.5057
25 0.0500 0.2182 1.0336 0.5712
50 0.1667 0.3732 1.2019 0.8413
100 0.5611 0.4969 1.1785 0.6361
150 0.7917 0.4067 1.0493 0.5745
200 0.8889 0.3147 0.9650 0.5222
300 0.9805 0.1383 0.7524 0.3330
500 1.000 0.000 0.6186 0.3285

0.2000, M esuirabs=100) = 0.5889). When abs > 100ms, the RT of the participants
gradually decreased. The greater the absolute value of asynchronous stimulus occur-
rence time, the shorter the RT. When abs < 100 ms, there is no trend and the RT was
relatively long. It can be considered that participants will feel confused when the stimulus
is not completely separated in the time dimension.

Interval Plot of result vs abs
95% ClI for the Mean

Interval Plot of delta_t vs abs
95% Cl for the Mean

3 . =
A

+
; e
10 2

delta t
2
b

[ 2 50 100 150 200 300
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The pooled standard deviation is used to calculate the intervals.

(b)

Fig. 6. Interval plot of result and RT (soa)
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Table 6. Descriptive statistics of result and RT (abs)

abs result RT
Mean Std Mean Std

0 0.9125 0.2828 1.04 0.5057
25 0.0875 0.2828 1.0805 0.6052
50 0.2000 0.4003 1.1734 0.7245
100 0.5889 0.4924 1.1689 0.6251
150 0.8097 0.3928 1.0242 0.5424
200 0.9167 0.2766 0.9455 0.5458
300 0.97778 0.14751 0.7747 0.3679
500 1.000 0.000 0.6272 0.3197

Occurrence Sequence. Interms of the order in which stimuli appear, it can be found that
when symbol = —1, its average accuracy is higher. The appearance of colors first helps
participants make judgments, thereby improving the accuracy of temporal judgment
tasks. This result is consistent with our intuitive observation in Table 7, and the impact
of the sequence of stimuli may come from the characteristics of different stimuli.

Table 7. Descriptive statistics of result and RT (sequence)

Symbol result RT
Mean Std Mean Std
-1 0.6746 0.4686 0.9699 0.5594
0 0.9125 0.2828 1.04 0.5057
0.6341 0.4818 0.9713 0.6016

4.4 Types and Stimuli Intensity

Combination Type. Next, we will discuss the impact of stimuli combination type on
correctness. Although the conclusion of delfa_t is not significant in the sample space, we
could still roughly observe the corresponding trend, as shown in Table 8. The average
accuracy rates of type 1 and type 4 with high cross-modal correspondence were the
highest (0.6817) and lowest (0.6270) accuracy, respectively.

Stimuli Intensity. Compared to cross-modal correspondence, the level of stimulus
intensity is more likely to affect the accuracy of judgment. As shown in Table 9, the
stronger the vibration amplitude level, the higher the accuracy of the participants, and
the results are significant. A stronger vibration amplitude helps judge the sequence of
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Table 8. Descriptive statistics of result and RT (combination type)
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type result RT

Mean Std Mean Std
1 0.6817 0.4660 0.9521 0.475
2 0.6556 0.4754 0.9826 0.5978
3 0.6532 0.4761 0.9965 0.6336
4 0.6270 0.4838 0.9859 0.5708

the stimulus more accurately. Similarly, higher color chroma helped participants make

more accurate judgments, but it was only slightly significant, as shown in Table 4.

Table 9. Descriptive statistics of result and RT (combination type)

vib result RT

Mean Std Mean Std
0 0.6401 0.4801 0.9848 0.6143
1 0.6687 0.4708 0.9564 0.5451

4.5 Other Conclusions Regarding Specific Levels of SOA

Considering that when abs = 100 ms, accuracy significantly improved, while the vibra-
tion and color just did not coincide. When abs < 100 ms, overlapping stimuli on the
time scale can cause significant interference. In addition, when abs = 500 ms, no one
made incorrect judgments. Therefore, considering levels that are easy to perceive, we
reduced the sample space of ABS to the abs = 100, 150, 200, 300 ms. One-way ANOVA
was conducted on accuracy and RT using 7 factors from Table 2, and results are shown
in Table 10. For accuracy, all variables had the significant impact except for correspon-
dence. For RT, combination type, SOA, ABS and vibration level had a significant impact.
The correspondence still has no significant influence, while SOA and ABS can still sig-
nificantly affect the judgment. The appearance of colors first can still help participants
make accurate judgments, but it cannot help with RT.

Besides, the impact of combination type and vibration level on RT is significant
for the first time. As shown in Fig. 7(a), type 1 with high amplitude and high chroma
levels had the highest average accuracy, while the average accuracy of type 4 with low
amplitude and low chroma levels is the worst. Meanwhile, as shown in Fig. 7(b), the RT
of type 1 and type 2 was significantly shorter than the other 2 types.

Like previous results, the amplitude increase helps to promote the accuracy and
RT of temporal judgment. The interaction plots can also illustrate this issue. As shown
in Fig. 8, regardless of the level of cross-modal correspondence, stronger amplitudes
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Table 10. One-way ANOVA (soa = 100, 150, 200, 300 ms)

Resources D.F. Result RT
F p R-sq F P R-sq

corres 1 0.06 0.807 0.00% 1.69 0.193 0.05%
type 3 5.59 0.001* 0.58% 2.80 0.039* 0.27%
soa 13 74.65 0.000* 15.39% 30.44 0.000%* 6.89%
abs 6 170.12 0.000* 14.98% 69.63 0.000* 6.76%
symbol 1 6.22 0.013* 0.22% 0.66 0.418 0.02%
vib 1 11.4 0.001* 0.39% 6.66 0.010* 0.39%
col 1 5.28 0.022* 0.18% 0.04 0.842 0.18%
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result

0775

0750

Interval Plot of result vs type

95% Cl for the Mean

correspond to higher accuracy and shorter RT. There was also a significant relationship
between color chroma level and accuracy.

(a)

Interval Plot of delta_t vs type
95% Cl for the Mean

(b)

Fig. 7. Interval plots of result and RT (type, 100 < soa < 500)
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Fig. 8. Interaction plots of result and RT (vib x consistency, 100 < soa < 500)
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4.6 Discussion

Cross-modal correspondence would not have a significant impact on accuracy and RT.
H1A and H2A were rejected. On the contrary, time variables including SOA and ABS
significantly affected accuracy and RT. The stimuli sequence (symbol), combination
type, and intensity of stimuli would partially affect the judgment of sequence, which
mean H1B and H2B were partially supported. Discussion would be expanded abound 3
aspects: stimuli time interval, stimuli sequence and stimuli intensity.

Firstly, the stimuli interval had impacts on temporal judgment. The group with a
high time interval (abs = 500 ms) or a low time interval (abs = 25 ms, 50 ms) was less
affected by stimuli levels, and the group with a time difference of 0 is not sensitive to
changes in other variables. Factors irrelevant to time had the more significant effect when
the SOA is moderate. When the stimulus interval is too short, participants find it difficult
to make accurate judgments. When the stimulus interval is too long, the judgment task
is too simple, and the role of external factors may also be greatly limited.

Secondly, the sequence of stimuli had impacts as well. When colors appear first,
participants are better able to make temporal judgments. Color is a stable linear stimu-
lus that appears and disappears instantly, while vibration is a process of appearing and
disappearing. When color stimuli appear, participants perceive more immediately, while
when vibrations first appear, participants cannot perceive due to the presence of tactile
perception thresholds, as shown in Fig. 9. For example, when soa = +25 ms, the vibra-
tion objectively appears slightly earlier. However, participants might feel both of stimuli
occur simultaneously. In the design of multimodal interaction, we need to consider the
delay and duration of vibration, to provide users with a better user experience.

Perceived Perceived
appearance time disappearance time
S1 l 1

color I
stimulation
Color Stlmuluslsl Timeline

S2
vibration
stimulation

Perceived Percew!\d
pbearance tifne t‘hs;u)pomnnl:c time

—— | — — —

|

A

T k
Vibration Stimulus'S2 Timeline

2 start S1, S2 end

Fig. 9. Temporal characteristics of vibration and color stimuli

Finally, the level of vibration intensity has a significant impact on accuracy of tem-
poral judgment tasks. Within a certain range, the stronger stimuli can help participants
make judgments more accurately. Besides, the vibration amplitude level also directly
affects the RT. However, the impact of color on RT is not significant. In practice, the
impact of vibration and stimuli intensity on multi-modal temporal judgment should be
emphasized to ensure the consistency between different modalities.
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5 Conclusion

In conclusion, the study explored the impact of various factors (cross-modal correspon-
dence, SOA, ABS, stimuli combination type, stimuli sequence, vibration amplitude level
and color chroma level) in multimodal perception on the accuracy of temporal judgment
tasks and RT in color tactile multimodal time integration perception. After analysis and
discussion, we have overturned the hypothesis proposed in this chapter and obtained
the following conclusions: (1) Cross-modal correspondence has no significant impact
on accuracy and RT of temporal judgment task; (2) The time interval between 2 stimuli
(SOA and ABS) have a significant impact on accuracy and RT, with longer time differ-
ences leading to higher accuracy. The RT first prolonged and then shortened as the time
interval increased; (3) The order in which stimuli appear significantly affects the accu-
racy of temporal judgment tasks. When colors appear first, the accuracy is significantly
improved; (4) The stimuli combination type has a significant impact on accuracy. A simi-
lar effect appeared for RT as well, only within the range of 100 ms < soa < 300 ms. The
combination type 1 (high amplitude & high chroma) had the highest average accuracy
and the shortest RT; (5) The level of vibration amplitude significantly affects the correct-
ness of temporal judgment tasks. Within a specific range of 100 ms < soa < 300ms,
the level of color chroma can also affect accuracy, and the level of vibration amplitude
can also affect RT. The stronger the level of stimulation, the higher the accuracy and the
shorter the RT.

This study didn’t find the relationship between color-touch cross-modal correspon-
dence and multimodal time integration perception tasks, possibly due to the lack of a
significant tendency, or limitations in the experimental design. Based on this experiment,
we can continue to explore the correlation between the two in the future. In addition,
subsequent research can continue to explore the impact of cross-modal correspondence
of color tactile perception on multimodal spatial integration perception.

Disclosure of Interests. The authors have no competing interests to declare that are relevant to
the content of this article.
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Abstract. This paper addresses the topic of designing medical interfaces as a
scenario which fosters cross-disciplinary design dialogues. It demonstrates this
through a case-study workshop where MA students conducted user research and
proposed a re-design of an inhalation anesthesia device interface. It represents a
tester of a new methodological canvas “Check” tool and how it was integrated into
the established methods of UX/UI design. The paper shares pedagogical reflections
as well as feedback from the design team on the process of analysis and design of
user interfaces and on the characteristics of collaboration between designers and
medical companies. Findings suggest that designers should be trained to research
the unintended use of medical devices (the UX component), including the emo-
tional component of interaction. “Check’ tool can support them in doing so through
differentiating rational and emotional components of interaction and structuring
them according to principles of cognitive ergonomics. The paper also emphasizes
the need to conveniently and comprehensively integrate medical standards into
interaction analysis, while advocating for improved communication, formaliza-
tion, and potential standardization of collaborations between designers and the
healthcare industry.

Keywords: Communication barriers - Cross-cultural communication -
Cross-cultural product and service design - Cultural differences - Medical
Interface Design

1 Introduction

In this paper, the author would like to share a case-study workshop that is a result of
a collaboration between designers and a medical company producing hospital medical
devices, in particular, inhalation anesthesia devices. Such devices incorporate several
user interfaces, including digital interfaces. The interaction with such devices demands
from its users adaptability to the constantly updating technologies and user interface
design. This case-study represents a good platform to delve into the topic of a cross-
disciplinary dialogue. Therefore, there are three main topics that will receive focus in
this paper:
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— The challenges and opportunities of a collaboration between different fields and
cultures of knowledge (design and medical business), which can lead to innovation,
but is characterized by barriers to mutual understanding: how to maneuver in such an
interdisciplinary context? What methods and tools can help?

— The interface design culture, which includes Human-Centered Design approach and
the importance of user research, the role of designers and design-specific methods;

— An integration of the above into pedagogy to form new design professionals.

1.1 Challenges and Opportunities of a Collaboration Between Designers
and Medical Companies

Collaboration between designers and medical companies offers several opportunities
and can address various challenges in the healthcare industry. The competition among
the companies producing medical equipment is high, and each company seeks to stand
out in the market with attractive yet safe designs. This is why Design Thinking is more
and more involved in healthcare product development (Roberts et al., 2016) and not only
engineers and medical specialists are involved in the product development but more and
more often UX/UI and Industrial designers.

Designers have the skills to improve user experience of medical devices through clear
visual communication and ergonomics considerations. Designers possess expertise in
user-centered design, which enables them to create intuitive and user-friendly interfaces,
devices, and environments that meet the needs of healthcare professionals and patients
(Bardram et al., 2018). By incorporating design principles and methodologies, medical
companies can enhance the usability, efficiency, and effectiveness of their products,
leading to better patient outcomes and increased user satisfaction.

Another opportunity is related to the integration of Design Thinking and innovation
into the development process. Designers are trained at identifying unmet needs, gener-
ating creative solutions, and prototyping ideas. Through a collaboration with medical
companies, designers can contribute to the creation of innovative healthcare solutions,
such as new medical devices, digital health platforms, and patient-centered services
(Kimbell, 2011). This collaboration can stimulate a culture of innovation within medical
companies, aiming at the advancements in healthcare design, technology and delivery.

However, there are also challenges associated with the collaboration between design-
ers and medical companies. One challenge is the complexity and regulatory nature of the
healthcare industry. Healthcare standards and regulations develop slowly in respect to
the new technologies (Vincent et al., 2015). Medical products and services must comply
with strict regulatory requirements, including safety, privacy, and data protection regula-
tions (ISO 14971; GDPR). The standards vary also from country to country, which adds
an additional layer to the overall complexity. Designers need to be aware of these regu-
lations and work closely with medical companies to ensure that the designed solutions
meet the necessary standards and guidelines (Borycki et al., 2010).

Another important challenge is the integration of design processes into the tradition-
ally conservative and hierarchical structures of medical companies. Design thinking and
user-centered design approaches may require a shift in the mindset and culture within
these organizations. Lack of experience from both sides can create tensions that may
block implementation and development of certain ideas.
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In summary, the collaboration between designers and medical companies presents
opportunities to improve the user experience, drive innovation, and create better health-
care solutions. However, it also requires navigating the complexities of the healthcare
industry and integrating design processes within established company structures. In this
paper, we will have a look into the design process of a medical interface and how a
methodology could support both sides of the collaboration.

1.2 The Culture of Designing Interfaces

The culture of designing interfaces encompasses the methodologies, practices, and val-
ues that guide the design process. One widely used methodology in interface design
is the Human-Centered Design (HCD) approach. HCD places the user at the center
of the design process, emphasizing the importance of understanding user needs, goals,
and behaviors. User research plays a crucial role in interface design culture. It involves
gathering insights about users through various methods such as interviews, observa-
tions, surveys, and usability tests. This knowledge enables designers to make informed
design decisions that are rooted in user needs and preferences (Norman & Draper, 1986).
Designers will translate user research findings into tangible design solutions, such as
wireframes, prototypes, and visual designs that effectively communicate the structure,
functionality, and aesthetics of the interface. Additionally, designers should collaborate
with other stakeholders, such as developers and product managers, to ensure the success-
ful implementation of the design vision, which may incorporate other factors such as
business goals, technological constraints, and industry best practices. Design principles
followed in the interface design include simplicity, consistency, and visual hierarchy,
to create interfaces that are intuitive, aesthetically pleasing, and aligned with the brand
identity of the product or company.

The culture of designing interfaces and the HCD embrace an iterative and user
feedback-driven approach. Designers continuously refine and improve their designs
based on user feedback, usability testing, and real-world usage data. This iterative process
enables designers to address usability issues, identify opportunities for enhancement, and
ensure that the interface is being improved to meet user needs.

If we observe user interface design in the medical field, we may note the following
trends:

— Portability and maneuverability of medical devices (Fig. 1): This includes the dimen-
sions and the composition of the device so that it can be displaced according to the
needs. This requires interfaces to adapt to the dimensions and interaction styles of
smartphones, tablets, and wearable devices.

— Intuitive visuals for a better user experience and patient-centered design (Fig. 2): As
the healthcare industry generates huge amounts of data, there is an increasing need
for effective data visualization and analytics in medical interfaces. The obstacle to
radically innovative solutions lay in the need to strictly follow the medical standards.

In summary, the culture of designing interfaces revolves around user research and
iterations to achieve interfaces that are empathetic, user-friendly, effective, and aligned
with the broader goals of the company and a context in which product or service operate.
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Ritm 100, TMT, Russia Trilogy EV300, Philips Healthcare, NL V1- Comen, China

Fig. 1. Portability and maneuverability of medical devices, demonstrated via: V1-Comen, China;
Trilogy EV300, Philips Healthcare, NL; Ritm 100, TMT, Russia.

T1, Hamilton, Switzerland Bellavista 1000e, Vyaire Medical, USA iX5, CareFusion, USA

Fig. 2. Intuitive visuals for a better user experience and patient-centered design, demonstrated
via: T1, Hamilton, Switaerland; Bellavista 1000e, Vyaire Medical, USA; iX5, CareFusion, USA.

2 Methods

2.1 General Principles of Designing Interfaces

In the previous paragraph, the following principles have been already mentioned: sim-
plicity, consistency, visibility, feedback. Affordances also play a crucial role in assisting
users understanding the functionality of the device (Norman, 2013; Shneiderman &
Plaisant, 2004). These principles are derived from various design theories and frame-
works, such as the Gestalt principles and HCD principles, and are widely recognized in
the field of interface design.

When designing interfaces for medical applications, additional principles should
be taken into account to ensure the safety, efficiency, and effectiveness of healthcare
delivery. Such authors as Carayon et al. (2015) and Kushniruk & Patel (2004) suggest the
following principles as key for designing medical interfaces. One crucial principle is the
principle of clarity, which highlights the importance of presenting medical information in
a clear and easily understandable manner, considering both healthcare professionals and
patients. One more is the principle of hierarchy, which involves organizing information
and functions in a logical and prioritized manner, allowing users to quickly access the
most critical information and actions. The principle of context sensitivity in medical
interfaces involves tailoring the interface to the specific task, workflows, and scenarios
of healthcare professionals. Furthermore, the principle of error prevention and recovery
is fundamental, as medical interfaces must incorporate features that minimize the risk of
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errors and provide mechanisms for error recovery. In the workshop that will be described
in the next paragraph, design teams kept these principles as the main design goals.

2.2 Case-Study: Designing User Interface for an Inhalation Anesthesia Device

The workshop described in this paper aimed to provide students of Graphic Design a
methodology to collaborate with medical companies and design user interfaces of a
medical device. The workshop held at St Petersburg University from 5th to 11th July
2023 brought together Master’s students in Graphic Design to practice designing medi-
cal device interfaces. Led by professionals in the field, including Mariia Zolotova, PhD,
Assistant Professor of Industrial Design at Xi’an Jiaotong-Liverpool University and an
expert in design-research within the medical sphere, Daria Artiukhova, Senior UX/UI
Designer at Deutsche Telekom IT Solutions (HU), and Tatiana Aleksandrova, Senior
Teaching Fellow of Graphic Design at St Petersburg University. The workshop was con-
ducted in collaboration with the medical company “Krasnogvardeets” JSC. Throughout
the workshop, students were guided through a structured methodology to analyze the
existing interface of the Orfei-M” — a device for inhalation anesthesia (Fig. 3), — identify-
ing and addressing errors while proposing innovative redesign concepts. This workshop
provided an opportunity for students to sharpen their skills in medical device interface
design under the guidance of academic and industry professionals and real-world col-
laboration. A part of the workshop’s methodology included a new method developed by
the author (Zolotova 2019, 2021), which purpose was to help designers identify errors
in existing design and interaction between the users and the device in order to propose a
new improved design. Therefore, this workshop represents a tester of this methodology,
and in the discussion paragraph we will analyze its efficiency and potential.
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Fig. 3. “Krasnogvardeets” JSC. (2022). User interface of “Orfei-M”, inhalation anesthesia device,
main screen.
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2.3 Pedagogical Methodology

The workshop followed a human-centered design approach, prioritizing the needs and
experiences of the end-users, and in case of the inhalation anesthesia device these are
medical doctors and nurses. Students were assigned the task of analyzing the interaction
with the user interface of the inhalation anesthesia device “Orfei-M”, aiming to identify
existing errors in the interaction design. The methodology involved several key steps to
thoroughly understand the user experience. Firstly, the students familiarized themselves
with the device by studying its manual. Next, they conducted eye-tracking tests and
generated heat maps to gain insights into users’ visual attention and interaction patterns.
To further enhance their understanding, the students interviewed the medical company
engineer and an experienced user to gather valuable feedback and firsthand experiences.
They proceeded to create paper mock-ups, allowing them to ideate and test new design
ideas in a low-fidelity format and conduct A/B testing. Every phase of this user research
and tests was fixed into a canvas called “Check Tool”. This is the method developed
specifically for the purpose of analyzing and designing user interfaces. This canvas is
built based on the principles of Cognitive Ergonomics (Fig. 4).

ec 7 interface, o specific window of the interfoce, digit ’7Fﬁf7 - doctor, patient, r ic (nolv
Date and Place

A. Percept Which elements of design did the user pay attention to (see / hear / | D. De n-mak Which and how many actions the user took to perform the
touch / smell) in relation to this task? requested task?

Error. Was it the right thing to pay attention to? If no, what was the right thing? | E. Error. Did the user make any mistake? When and how? What was the right thing
instead?

C. Mental Workload. Did the user feel confident where to pay attention to? If yes, | F. Mental Workload. Did the user feel confident performing the task? If yes, what
what madc him/her understand that the perception was correct? If no, what helped him/her understand that the action was correct? If no, what created
created confusion? confusion?

00 sec): 00,00 sec

Fig. 4. Zolotova, M. (2023). “Check” tool for analyzing and designing interfaces. Revised.

Medical equipment has become more complex, and the need for interface research
has increased. Interaction with such equipment requires high concentration of attention
and adaptability to technology from users. Manufacturing companies strive to stand
out in the market thanks to their attractive yet reliable design. Therefore, especially in
economically developed countries, design research is increasingly involved in the devel-
opment of medical equipment. Such studies are rare in developing countries (Bitkina
et al., 2020).

Designers can improve usability through clear visual communication and consider-
ation of ergonomic factors. However, it is important that new design decisions are made
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in direct dependence on the actual interaction with the device and take into account the
accepted standards. To carry out an ergonomic analysis, the designer needs to determine:

— The type of users (patients, medical staff, caregivers and general profile);
— The conditions in which the device operates;
— The main functions of the device.

The methods of ergonomic analysis are: surveys, interviews, observations, etc., quan-
titative and qualitative. Usability is usually the main goal of the ergonomic evaluation
of medical devices, while UX is not considered, because:

— Safety is a priority;

— Theneed to use the device strictly for its intended use, while UX studies the unintended
use (IEC 623661, 2015);

— Key users are experts, not general users.

To contribute to the improvement of usability methods, the author of this paper
proposed a new canvas as an auxiliary tool for conducting usability research. The novelty
lies in the fact that the template includes a UX component in the analysis and is based
on the principles of cognitive ergonomics.

The template is a grid for observations, structured according to the cognitive pro-
cesses underlying the interaction, which can be exemplified with Endsley’s scheme of
Situational Awareness (2000) (Fig. 5). This allows researchers to organize notes accord-
ing to the components of cognitive ergonomics that determine the smoothness of interac-
tion. The components are: subjectivity, functionality, perception, decision-making, men-
tal stress and errors. The components are discussed by such authors as Endsley (1995,
2000, 2015), Tosi (2005, 2020), Di Nocera (2011), Ferlazzo (2005). The canvas is the
result of synthesizing multiple methods of Cognitive Ergonomics as mentioned above
and (Hazlehurst et al 2008, Kahneman, 2011, Patel, 2010, Baxter et al. 2005) in one. This
method was tested on the analysis of the user interface of the Ginveri Srl Bio-Shuttle
transport incubator (2019) and, after revisions, in this workshop it was tested on the
“Orfei-M” inhalation anesthesia device of “Krasnogvardeets” JSC (2023). The canvas
(Fig. 4) visually highlights the relationship between user perception, decision-making,
and design errors. It is used to collect high-quality data and describes the user’s subjec-
tive impressions of interacting with the equipment. The template also allows designers
to collect data on the subjective aspects of interaction and unintended use of medical
devices. Students were given the canvas without explaining how to use it, just asking
them to fill it in intuitively. The reflections on the use of this canvas will be presented in
the paragraph Results and Discussions.

After completing the analysis, the students translated their refined concepts into inter-
active mock-ups using the design tool Figma, enabling them to simulate and validate the
proposed interface improvements. This comprehensive methodology allowed students to
iteratively analyze, ideate, and validate their design solutions in a user-centered manner.
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Fig. 5. Endsley, M. (2000). Situational Awareness Model.

3 Results and Discussion

3.1 Redesigning the Interface of the Inhalation Anesthesia Device

Medical equipment and the interaction with it are regulated by the standards, which
are important to take into account and integrate into a new design solution. Thus, the
design is built around the existing constants and limitations associated with the need to
act quickly and accurately in emergency situations.

Based on the experience of this workshop and methodology, the work with medical
devices can be summarized in three key aspects:

— A structural analysis, such as when interactive blocks are located in the blind area,
availability of the space for visualizing data, interaction and visualization hierarchy;

— Microinteractions design, such feedback and interactivity indicators, use of texts and
icons, optimization of the necessary interaction steps;

— Innovations, that can happen only with the close and careful study of the stan-
dards and its “rooms for flexibility”, addressing ethical concerns, integration of new
technologies, implementation of intuitive visualizations.

To illustrate these aspects, below will follow a reflection on the design process shared
by the design team leader Angelina Kablova.

“The main design goal of the workshop was not to redesign the aesthetics of the
interface, but rather to develop a structure to fit the current system and user needs. The
problem of insufficient differentiation of zones on the screen was chosen as the main
one after testing interactions with the device and filling in the “Check” tool (Fig. 9).
Another important goal was to simplify interaction with the device by adding feedback
elements to the interface.
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Structural Changes. A) Relocating key elements — At the research stage, an eye-
tracking test was conducted (Fig. 6), during which it was discovered that the user’s
main attention falls on the upper and central part of the screen. In the initial version of
the interface, the block with the main element of interaction — the choice of the device
mode and its settings — was located in the bottom line, and consequently, it was out of
sight. In this regard, it was decided to move the mode selection button to the upper-left
corner, placing a line with changeable mode parameters there (Fig. 7).
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Fig. 6. Generating heat map for the user interface of “Orfei-M”, inhalation anesthesia device,
main screen. Design team Angelina Lablova, Anastasiia Mareva, Veronika Volkova.

b) Releasing space (Fig. 7) — The settings and timer remained in the rightmost col-
umn, but changed their appearance. Instead of text, icons appeared on the “settings” and
“timer” buttons - a gear and a stopwatch, respectively. This solution seems acceptable,
since such icons are considered standard, are found in many interfaces and have become
familiar and understandable to most users. In addition, this made it possible to reduce
the column width by half and thereby expand the area with charts and patient indicators.
All settings remained hidden in a separate menu, which opens by clicking on the gear
icon. This is done in order to maximally unload the main screen with the patient and
mode parameters, removing unnecessary information. The settings located inside this
menu are not used regularly, but are configured by a specialist only before starting work
and entering the data of a new patient.

c¢) Clarifying the hierarchy (Fig. 7) — From the point of view of the interface hierarchy,
it was important to distinguish between the modifiable parameters and patient’s condition
indicators that the device reads and displays on the screen. At the same time, the difficulty
was that the patient’s indicators can also be clickable to personalize the interface: the
doctor independently chooses which indicators will be displayed on the main screen. To
solve the problem, two types of buttons have been developed for these groups of values:
buttons with an outline to change the mode parameters and buttons with a transparent fill
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to select the displayed indicators. Thus, the button has a sense of volume and implies the
possibility of interaction, while not distracting attention from working with changeable
parameters, the interactivity of which is more obvious.
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Fig. 7. New interface design and its heat map. Design team Angelina Kablova, Anastasiia Mareva,
Veronika Volkova.

Microinteractions. It was important not only to structure the blocks of information on
the display, but also to streamline some processes of interaction with the device settings
to minimize errors.

One of the steps to improve the user experience was to work on clarifying the
confirmation of the parameter changes. For example, the need to save changes was not
obvious enough in the original interface: when closing this window without confirmation,
the parameter remained the same, and all the steps had to be repeated again, wasting
extra time. To optimize this interaction, the following scenario was developed: 1) the
specialist clicks on the parameter that needs to be changed; 2) the numeric value blinks,
the “+” and “—” buttons appear under it; 3) after making changes, the specialist closes
the window and confirms the changes by clicking on the parameter again. This rather
simple model allows you to avoid duplicating the parameter change window, as it was
before. Now, in the process of making changes, the doctor still controls all the patient’s
indicators and can take them into account when making adjustments, and the flickering
numeric value suggests that it is unstable and prompts you to click on it to approve new
data.

The minimum and maximum limits for the variable parameters were also indicated in
the interaction. Now, when the upper limit of the numeric value is reached, the “+” button
becomes inactive, without color-filling, which clearly indicates that further increase is
impossible. In the original version, such a scenario was not taken into account and there
was a feeling of error, as if the device simply did not respond to pressing.

Innovations. Immersion in the design process and communication with a specialist
from the field of medicine pushed us to think more broadly, after we worked with the
main interface problems. For example, we suggested adding a schematic visualization of
the patient’s breathing to the panel, since for some indicators on the graphs it is important
to keep track of the synchronization of curve trends with the patient’s breaths. On the
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screen, this function is not yet obvious and convincing enough, it requires testing and
refinement.

Of particular interest was the difficult issue of ethics and respect for the patient in the
process of interaction between the doctor and the device. Namely: how does the patient
react to the alarms of the device and is it possible to minimize stress for him in such
situations without compromising medical activity? What can be done to achieve this?

Our team’s proposal was to put the alarms and their log on a separate portable screen
(e.g., a mobile phone), which will always be at the doctor’s office and signal him about
critical situations with an audible alarm and an alarm screen (Fig. 8). The screen will
display the patient’s data (last name, ward, metrics), as well as the cause of the alarm.
The ventilator, instead, will not emit an alarm sound, but will only show a blinking
message about it on the screen in the corresponding alarm field. This solution will allow
the doctor to respond promptly to the alarm, while maintaining the patient’s calmness,
because he will not listen to the call and worry until the staff arrives.”

These were the reflections on the design process by the design team leader, and in
the next paragraph we will discuss the methodology adopted in this workshop and its
implications.

Fig. 8. Proposed innovation: the alarms and their log put on a separate portable screen (e.g., a
mobile phone), which will always be at the doctor’s office and signal him about critical situations
with an audible alarm and an alarm screen. Design team Angelina Kablova, Anastasiia Mareva,
Veronika Volkova.

3.2 Pedagogy and Necessary Design Skills

Currently, there are many tools available for designers assisting them in their work. In
this case-study we applied the Human-Centered Design approach, and used the following
tools to empathize the end-user:

Eye-tracking the interaction with the device;

Interview with the medical company which produces the device;
— A/B tests conducted on paper mock-ups;

Figma interactive mock-up to demonstrate the interaction.

Additionally, participants used “Check” tool to synthesize data collected via con-
ducting various tests performed with the tools mentioned above into meaningful
insights.
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Here is a reflection shared by the design team leader Angelina Kablova: “It was
possible to come to the solutions described above thanks to the correct formulation
of tasks and the placement of focus, and it was possible to identify and clarify these
problems thanks to filling in the canvas (“Check tool”) (Fig. 9). Such a tool allows you
to separate the emotional and rational components of interaction with the interface, but
at the same time take into account both of these aspects by structuring your thoughts.

In the process of filling out the canvas, the researchers are in two states: on the
one hand, they fix their feelings at the moment of interaction, on the other hand, they
observe their actions after completing the interaction with the device, analyzing their own
decisions and establishing cause-and-effect relationships. This exercise can be useful for
learning the principles of interaction and finding solutions, as it allows you to identify
both general errors and make small changes that will improve the user experience.

Moving into the position of an observer of oneself and engaging in self-reflection can
be difficult due to cognitive bias. To solve this, the tool should suggest/allow recording
the interaction on video. Video recordings make it possible not to lose sight of the details,
the sequence of decisions made, since it is possible to return to this data.” The designer
mentions the differentiation of the emotional and rational components of interaction.
The emotional component is part of the unintended use, as mentioned in the paragraph
2.3. The awareness of user value and added value arises as a result of such use. We
may infer that the future of a successful medical device depends on technological and
user (emotional) factors. The latter are not well studied in healthcare (Bitkina et al.,
2020). Therefore, additional studies of the interaction between the user and the medical
device are needed, which will include subjective components in the analysis. To achieve
this, designers should be trained to research and design considering the unintended use,
including the emotional component, and equip themselves with the necessary skills and
tools to address such a goal.

3.3 Collaboration Between Designers and Companies, Conclusions

While the tool demonstrates to be valuable to the designers, how could it become more
meaningful to the specific context of designing medical devices? It is commonly rec-
ognized that designers can contribute to the improvement of medical devices through
visual communication, consideration of ergonomic factors and empathy, thus, humaniz-
ing the technology. The methods, mentioned above are quite common and broadly used
in the UX/UI field, regardless of the industry. However, medical field is characterized by
strict standards that are in place to ensure safe use of the device. In this scenario, further
development of the “Check” tool should test the integration of medical standards and
other technical requirements into it, so that designers could have a quick reference to the
involved restrictions and medical companies could participate by checking and updating
the list of requirements and their successful or less implementation by the designers.
As it was mentioned in the introduction paragraph, Design thinking and human-
centered design approaches may require a shift in the mindset and culture within medical
organizations. And this shift may be tough and tense for the both sides of the collab-
oration. An example of misunderstanding could be a wrong interpretation of the data
collected via user research by designers. Medical companies, if feeling collaborative and
trustful towards designers, would willingly help designers get a clear picture. But if there
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Subject of analysis: Display 2 (main menu), "Orpheus" inhalation anaesthesia Date: 2 November 2022
machine, " " Place: PJSC "Krasnogvardeets"
Task 2: Choose the amount and type of trends/curves to be displayed

A. Which elements of design did you pay attention to (see / hear / touch / smell) in | D. Which actions did you take to perform the requested task?

relation to this task?

1. Click on the graph / empty area.

Centre of the screen, graphics, touch buttons in the pop-up menu. 2. Click on what you want to change (displayed parameter, scale)

3. Choose the parameter (when zooming, press +- to select the appropriate
view)

4. Click on the chart again to finalise the changes and close the pop-up
menu

B.Wasiit the right thing to pay attention to? If no, what was the right thing? E. Did you make any mistake? When and how? What was the right thing instead?

The assumption that to add a chart it is necessary to click on the free area turned | Notimmediately did not realise that to confirm the selection and close the pop-up
outto be correct. It is also logical that to change the displayed chart, click on the | menu, it was necessary to click on the graph again. Instead, clicked on the

current chart. parameter again several times, on the empty space, to hide the menu

(there is a contradiction with task 1, where to confirm either click on the
parameter a second time or click on the cell from which started, here only the
second option is possible, and confirmation by clicking on the parameter again
does not work).

C. Did you feel confident where to pay attention to? If yes, what helped you F. Did you feel confident performing the task? If yes, what helped you understand
understand that your perception was correct? If no, what created confusion? that your action was correct? If no, what created confusion?

Graphs don't show themselves as clickable elements, but the desire to click on the | Due to the fact that the pop-up menu appears, the button turns white when a
area that one wishes to modify seems logical. parameter is selected, and the graph is drawn in the selected area, realise that
your actions are correct.

It was a little difficult to complete the customisation and close the menu (although
the algorithm is similar to task 1). It was a little surprising and disturbing when, due to lack of space, the graph below
disappeared. In order to solve this problem you need to either reduce the other
graphs, or delete one or more (the disappeared graph returns automatically as
soon as it is allowed free space, which is nice because it does not require
unnecessary actions)

Time taken for interaction (format 00,00 sec): 135,00 sec

Fig. 9. A fragment of the analysis conducted by the design team during the workshop.

is no trust yet, a single misinterpretation may result in non-productive efforts and weak-
ened confidence between designers and medical companies. In this case, written forms
or other ways of structuring and standardizing the communication may be beneficial to
create a perceived formality and sense of collaborative efforts and mutual responsibility
in the collaboration.

In this paper, we have looked into the process of designing medical interfaces by
adopting the HCD approach and the new analytical canvas “Check tool”. In particular,
we have shared the experience of delving into the specific culture of designing medi-
cal interfaces from a perspective of pedagogy and the design team. We have concluded
that the UX component is currently understudied and that there is a lot of potential
for both designers and medical companies to explore it more. In that sense, “Check”
tool offers a methodology for the designers to self-reflect and diversify emotional and
rational components of the interaction and structuring them according to principles of
cognitive ergonomics. However, due to highly complex nature of the medical equipment,
the collaboration between designers and medical companies could be highly innovative
yet challenging due to almost opposite cultures: the one empathetic, flexible, and experi-
mental of the design, and a more conservative, hierarchical, and strict culture of medical
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equipment development. To overcome these challenges, designers need additional sup-
port in understanding the standards and other requirements, while medical companies
would need a structured communication with an opportunity to check and control the
design output at early stages.
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Abstract. Today’s products are rich in shapes and categories. In-depth discus-
sions on how to express traditional cultural characteristics and meet users’ higher-
level spiritual needs through product design have become what contemporary
designers need to think about and learn from. With the cultural collision of indus-
trial products, the traditional oriental culture of paper lanterns has begun to promote
the development of contemporary cultural product design. However, the current
design of traditional paper lantern culture still lacks the emotional connection with
users and the expression of relevant cultural connotations behind it.

This study uses literature analysis to deeply explore the product expression
of the cultural codes of paper lanterns, establishes a cognitive model of cultural
commodity design, collects contemporary paper lantern product design samples,
and creates a balanced relationship between contemporary and traditional culture
through the participation of designers in the design. Artificial intelligence paper
lantern products. By collecting cognitive questionnaires on 12 paper lantern prod-
ucts, based on the relevant attributes of paper lantern cultural codes, as well as
product innovation, beauty, audience preference, etc., we investigated the differ-
ences in perceptions of product design among general audiences on both sides of
the Taiwan Strait. Finally, through statistical analysis such as multidimensional
analysis, we sorted out the differences in the general audience’s perception of the
cultural codes of cultural commodities on both sides of the Taiwan Strait, the dif-
ferences in the general audience’s perception of modern and artificial intelligence
products, and the differences in the audience’s perception of gender, region, and
identity. Influence, et. The research results are basically consistent with expec-
tations. This research will help promote the design of contemporary traditional
culture and contemporary lamps, promote the charm of traditional culture while
realizing works that are both functional and aesthetic. The designer’s subsequent
paper lantern products Innovative design, as well as testing the auxiliary role of arti-
ficial intelligence in product design and providing substantial help in establishing
cognitive models for artificial intelligence product design.

Keywords: Paper lanterns - product design - artificial intelligence - cognitive
differences
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1 Introduction

In the globalized market, in view of the fact that people’s needs at the material level
(function, external representation) are quickly met, their competitiveness and focus have
shifted to the improvement and requirements at the spiritual level (emotion, connotation).
Today, with rich product shapes and numerous categories, lamps cannot only provide the
basic function of lighting, but more importantly, meet the higher-level spiritual needs
of users. In addition to integrating with innovation, culture is also a carrier of local
culture and global design value, and the basis for shaping cultural brands [1]. With
the cultural collision of industrial products, the traditional culture of paper lanterns has
begun to promote the development of contemporary cultural product design. However,
the current design of traditional paper lantern culture still lacks the emotional connection
with users and the expression of cultural connotations. Therefore, designers need to seek
more cultural integration and thinking in traditional and modern products. There is a
close relationship between cultural commodities and cultural codes. The development
of products that emphasize cultural value and local characteristics has become the key to
the design process. It is worthy of in-depth discussion on how to apply traditional cultural
characteristics to modern product design [2]. Today, artificial intelligence is developing
rapidly. The addition of artificial intelligence technology has become a hot topic in the
design industry, making artificial intelligence a good assistant for designers to quickly
realize design ideas. How assistive artificial intelligence is to designers’ product design
is currently a topic in design academic circles. One of the hot topics in the field that
needs to be discussed urgently.

In the future, artificial intelligence technology will be widely used in all walks of life.
Currently, Al technology can help humans with creative conception and image generation
in the early stages of product design and research and development. It can also help non-
professionals quickly complete product design simulation drawings, thus promoting the
development of many industries. Inter-professional cooperation in various fields. The
birth of Al products is the perfect fusion of the aesthetics of the times and artificial
intelligence technology and is also the aesthetic expression of artists and appreciators.
The human audience’s perception of contemporary lighting products is essentially an
aesthetic experience of life aesthetics, and the resulting difference in perception depends
on whether the product’s aesthetic expression and style features are liked by the audience.

Two research questions raised in this study:

1. To study the difference in the general public’s perception of contemporary paper
lantern product design

2. To explore the expression and dissemination of cultural symbols in contemporary
cultural commodity design.

2 Theoretical Background and Literature Review

2.1 The Development and Value of Paper Lantern Culture

The famous archaeologist, Wei Cuncheng once pointed out that Chinese lanterns are
the earliest portable lighting tools invented in the world. Paper lanterns are a treasure
with significant cultural value in the history of the development of lighting fixtures
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in the world. They have a long history of development and profound cultural origins.
The earliest paper lanterns originated in the Han Dynasty of China, and then began to
develop and expand, and influenced the lantern culture of other countries. Paper lanterns
in various regions have different aesthetic characteristics and cultural connotations. The
most used function of paper lanterns in ancient China was night lighting. In the early
days, they were the main indoor light source. It has become an indispensable mascot
for festival customs. To this day, some areas continue this cultural etiquette. Viewing
lanterns during the Lantern Festival is one of China’s millennium customs. The custom
of enjoying lanterns during the Lantern Festival originated in the early years of the Han
Dynasty. In the first year of the Tang Dynasty to celebrate the prosperity of the country,
for celebrating the prosperity of the country, the Lantern Festival lanterns were used in
the celebration, and the shining lights were used to symbolize the prosperous country and
safe society. The atmosphere of enjoying the lanterns has become one of the important
activities of the New Year [3]. In the design of modern lighting fixtures, paper lanterns
are highly interactive and decorative. In addition to lighting, lanterns are also rich in
other symbolic meanings. The symbol of all the world is a universal symbol [4].

As a representative symbol of oriental culture, they have great cultural value and
cultural compatibility, reflecting the cultural memory of local folk festivals. The devel-
opment of traditional paper lantern products to this day, in addition to following the cre-
ation ideas of ancient Chinese traditional culture, must be based on mass manufacturing,
market orientation, practicality first, and emotional needs as the main characteristics,
and pay attention to the interaction and communication between products and people
to enhance the use experience. With the passage and progress of the times, the demand
for living materials is no longer scarce. The emphasis on personal taste and personal-
ization has become the main axis of contemporary life. With the progress of the times,
traditional lanterns have also developed lighting in line with the current life. However,
the shape is still a skeleton that continues the tradition. The micro-innovative material
makes the traditional lanterns with more folk colors a new modern appearance [5].

2.2 Cultural Commodities and Cultural Codes

The term cultural code is found in Roland Barthes’s book |—S/Z: An EssayJ tisa
functional code that Barthes uses to analyze the structure of narrative works to define
five textual meanings - hermeneutic code. One of code), behavioral code (proairetic
code), seminal code (semic code), symbolic code (symbolic code) and cultural code [6].
Cultural commodities are to re-examine and reflect on the cultural factors contained in
the utensils themselves, to use design to find a new modern look for the cultural fac-
tors, and to explore the spiritual satisfaction of using the utensils. This is the difference
between cultural commodities and general commodities. The difference is that it has an
additional function of cultural identity [7]. As one of the important expression elements
of cultural commodities, cultural codes greatly affect the process and results of product
design. [8] defined in The Code of Emotional Marketing that cultural codes are people
giving objects a meaning subconsciously through the culture in which they grew up. [9]
divided codes into three levels to analyze the code applications of cultural commodi-
ties. As far as the design of cultural products is concerned, in addition to considering
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their functionality and basic human needs, designers also consider implicit connota-
tions such as emotional cognition, cultural identity and social value system, which also
affect consumers’ preferences for products. Cultural goods are the carriers of cultural
transformation into tangible concepts. The challenge facing modern people is not only
to turn to more ecologically efficient or low-carbon products and systems, but to more
sustainable consumption and lifestyles [1]. Integrating cultural codes into the design of
cultural products and vigorously promoting cultural revitalization has become one of
the design hot spots promoted by cultural policies in various countries in recent years.

2.3 Audience Cognition Model of Cultural Commodities

Audience cognition is closely related to cultural communication theory and cultural
aspects. As far as communication theory is concerned, the process by which an artist
(addresser) expresses an artistic concept is called encoding, while the way in which
an audience (recipient) obtains an intuitive understanding of a work of art is called
decoding. In terms of the programmatic school of communication theory [10], there
are three levels of communication that must be met for a successful ‘artistic creation’
to be communicated from the artist (the sender) creating the artwork (the message)
to the audience (the recipient). Successful communication needs to meet three levels,
namely the technical level, the semantic level, and the effect level [11]. On the technical
level, the designer must accurately convey the information he wants to convey, so that the
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Ritual and Form
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‘ Novelty Memorable Technological |
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5 \ |
Effect layer Connotative Traditional Utilitarian Are you Moved?
Re-
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Fig. 1. Cognitive model of contemporary lighting design
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audience can fully experience the beauty of the image; on the semantic level, the designer
must accurately convey the relevant cultural meaning, so that the audience can deeply
experience the beauty of the image; on the effect level, On the one hand, the message
needs to influence the recipient in a way that triggers a specific response or behavior,
and achieves the effect of the beauty of the audience’s thoughts on it. For the listener,
there are three key steps to understanding the meaning of a work of art: recognition
(attracting attention), awareness (understanding and perception) and reflection (deep
emotion). The viewer’s aesthetic experience of art is a dynamic process, in which the
‘inner feeling’ is stimulated by the ‘perception of form’ of the aesthetic object, resulting
in a holistic experience [12]. The designer is the creator of the product form and the
coder of information. Whether the product can resonate with the user is guided by the
subjective process in the heart and the decoder of the product [1]. Based on the solid
literature and theoretical foundation and the content of this study, a preliminary cognitive
model of contemporary paper lantern design in this study was constructed (see Fig. 1).

3 Materials and Methods

In order to explore the cognitive differences between general audiences on both sides
of the Taiwan Strait, this study focused on the audience’s emotional perception of the
cultural codes of contemporary paper lanterns. First, we will analyze the cultural codes
of ancient and modern paper lanterns to find their differences. Then we will collect
cases of existing contemporary paper lantern products. We will creatively conceive
products based on paper lanterns and modern aesthetic and functional requirements and
use popular artificial intelligence. The image generation website | Midjourney | assists
in the design of contemporary paper lantern products, integrates 12 research samples and
8 cultural code attributes, conducts sample questionnaire design and online questionnaire
survey, and finally conducts statistical analysis of MDS based on the collected data. In
this way, we can understand the cultural code recognition and aesthetic preferences of
contemporary cross-strait audiences towards paper lantern products.

3.1 The Cultural Codes of Paper Lanterns

For analyzing the cultural codes of paper lanterns and the characteristics of today’s paper
lantern products, this study conducted an analysis of the cultural codes of ancient and
modern products in Modeling, Color, Technique, Function, Cultural meaning. By com-
paring the cultural codes and design expressions of ancient and modern paper lanterns
(see Table 1), we can discover their differences. Combining the above related cultural
code attributes with the elements of contemporary successful cultural product design,
this study sorted out 8 evaluation attributes: f1 Shape and conception harmony, f2 Appro-
priate color, {3 Fine workmanship, f4 Functional, f5 Interesting, f6 Strong atmosphere,
f7 Local specialties, f8 Cultural connotation, provide beneficial help for subsequent
research.

3.2 Case Introduction

The sample design of this study is divided into two categories: existing paper lantern
products and artificial intelligence paper lantern products. In the early stage, many
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Table 1. The cultural codes of ancient and modern paper lanterns

Cultural codes | Traditional paper lantern Modern paper lantern
Modeling Most of the patterns are flowers, Various styles, rich and different
totems, and characters, and the shapes | shapes, multiple shape combinations,
are mainly oval, barrel, winter melon, | fashionable and elegant
and palace lantern shapes
Color Red, yellow, gold, green and other Mainly white and beige,
traditional Chinese colors Color advanced and simple
Technique Hand-made, bamboo weaving Mainly industrial production,
combined with rice paper and oil combined with different
paper, Cross-bone, boneless and other | comprehensive materials, focusing on
techniques functionality
Function Festival blessings and other folk Lighting, decoration, viewing
activities
Cultural Enhance the festive atmosphere and | The collision of Chinese and Western
meaning inherit traditional customs and culture | cultures embodies aesthetics,
individuality, and multi-functional
products

paper lantern products were collected. According to the requirements of cultural code
attributes, the product was selected based on the appearance, popularity, country, and
connotation of the product. Collected in the early stage and conducted the final screen-
ing of existing products through expert questionnaires, and finally obtained 6 exist-
ing paper lantern product samples. Then, we combined the aesthetic elements, product
application scenarios, cultural connotations, etc. of ancient and modern paper lantern
products to conceive new product ideas and combined with the artificial intelligence
image generation website | Midjourney | to generate images for new product designs.
Midjourney has become the largest natural language image generation website in the
world today. MidJourney-Al works entirely based on a text-to-illustration-based system
called “prompt”. A particular order and system are built into “prompt” writing for Al
to recognise it as a prompt [13]. The application of Vincentian diagrams can include
images described according to natural language, or generating corresponding images
based on keyword text. It has been widely used in creative industries. The following are
some relevant introductions to product samples (see Table 2).

3.3 Questionnaire Design

In order to test the accuracy of the audience’s perception of the attributes and the differ-
ences in sample perceptions, the strength of the aesthetic attributes of the selected works
was questioned. In the questionnaire, the questions are set in a matrix form, and the target
audience is the broad audience on both sides of the Taiwan Strait. By allowing them to
make intuitive judgments on the 8 cultural code attributes of each of the 12 works, we
can quickly see the general audience’s recognition of these cultural code attributes and
the communication effect of the NFT virtual image.
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Table 2. This study cases’ Introduction

201

Existing products Cases

Case Introduction

Jaime Hayon &Tradition Formakami Suspension Lamp in
Rice Paper

The designers redesigned it with a modern aesthetic. Seen in
an ultra-light rice paper chandelier that echoes ancient lan-
terns from Asia, Hayon dispensed with cultural formalities
and created a series of all-white lanterns. Handcrafted from
rice paper, it brings together a variety of sizes and shapes.

Hong Kong Life & Traditional Taiwanese Lantern

These lanterns are handmade in the last traditional workshop
in the mountains of Taiwan. Each lamp is hand-painted by lo-
cal Taiwanese artists. Each painting is unique in color and pat-
tern.

Sixianfengwu & Revolving Lantern DIY National Trend Lan-

tern

It uses the original illustration "Mid-Autumn Garden Picture"
with the style of ancient folk paintings of humans, monsters,
fairies and other people as the main decorative image, and
makes the traditional folk craft toy of the Han Dynasty revolv-
ing lantern into a DIY toy gift.

Ganshunxing & 2021 Hsinchu Art Festival Joint Creative
Lantern

This art festival selected 20 spaces in the old city of Hsinchu
to create lanterns, which serve as guides for walking around
the streets to review the past and learn about the new. This
work is inspired by the long-established seafood dry goods
store "Ganshunxing" and the silhouette of seafood.

AKARI Japanese paper lantern

This series is designed based on traditional Gifu lanterns. At
the time of their introduction, ordinary lanterns had a strong
image of being used for funerals and were not favored for in-
terior decoration. So, Isamu Noguchi also created lanterns
with hand-drawn abstract patterns and calligraphy. Later, rus-
tic, modern white lanterns became highly sought after in
Western countries.

(continued)
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Table 2. (continued)

National Museum of China & Oriental Collection Paper Carv-
ing Lamp

This work is one of the oriental collections of paper carving
lamps. The material is all paper. It is combined with the pic-
ture of returning to the pasture in the autumn suburbs, and
each petal is given a pattern. The light and delicate material,

exquisite and elegant shape, and strong decorative effect.

Al products Cases Case Introduction

Comfortable Wood & rice paper lantern aromatherapy lamp

This product combines the elements of aromatherapy and pa-
per lanterns, and is designed in color, pattern, and function to
make it rich in oriental aesthetics and meet the daily needs of
modern people.

Wake & Paper Lantern Fashion Bedside Clock

( Bedside lamps are usually highly used products, and there are
certainly very few products that combine human sleep with
lanterns. This product combines paper lanterns with the func-
s tions of smart alarm clocks in a fashionable and simple shape,
giving the work a minimalist aesthetic. Practical and light-
weight.

Happy festival & Chinese-style small lantern plate lamp
This product combines a fruit plate with a Spring Festival at-
mosphere with the shape of a paper lantern, so that it can be
used as an ornament, a fruit plate, and a lighting function.

Retro paper lantern potted ornamental lamp

Among indoor decoration ornaments, ornamental value is one
of the most important consumption factors. Potted plants with
ornamental functions are environmentally friendly while
maintaining a natural atmosphere in the room. Therefore, the
design is combined with potted plants and paper lanterns to
create a multi-functional ornamental experience.

(continued)
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Table 2. (continued)

Retro Sugar & Bluetooth Audio Paper Lantern Lighting Fix-
ture

The retro collision of Bluetooth speakers and traditional Chi-
nese paper lantern elements allows this product to not only

D

P — have a viewing function, but also meet the music playback
‘w@, preferences of young people nowadays, making it both retro
and contemporary traditional and practical.

Bloom & Paper Lantern Holiday Lighting

\“ & Paper lanterns are closely related to traditional Chinese festi-
% vals and often appear as festival products during the Lantern
h* & Festival and Spring Festival. Therefore, the shape of paper

v lanterns is changed and innovated based on the inspiration of

fireworks.

For the fairness of the questionnaire, all subjects were informed of the purpose
of the experiment. They were then asked to evaluate the sample of this study based
on intuitive questions, which explored the audience’s perceptions of this study using
a 5-point Likert scale ranging from 1 (“Strongly Disagree”) to 5 (“Strongly Agree”)
Identification of selected cultural codes.

Finally, 107 valid online questionnaires were collected, of which 36.45% were male
(39) and 63.55% were female (68). Respondents aged 18—25 accounted for 40.19%, with
a total of 43 respondents; In addition, among the respondents, 42.06% have a college
(college) degree, and about 55% of the respondents live in mainland China.

4 Results and Discussion

The above literature analysis reflects that the cognitive model and evaluation matrix of
the cultural codes of contemporary paper lantern products are reasonable and reflects
the process of the general audience’s cultural perception of paper lantern products.

Therefore, taking 12 contemporary paper lantern products that embody 8 cultural
evaluation attributes as samples, a spatial analysis of the audience’s product perception
was conducted, and a confusion matrix of contemporary paper lantern products was
established (see Table 3). From the MDS statistical analysis Judging from the results,
the stress index and absolute coefficient are Kruskal’s Stress = .07470 and RSQ =
.98588 respectively, which shows that these two vectors are suitable for describing the
spatial relationship between the 12 aesthetics.

The following conclusions are drawn from the confusing matrix of this study:

1. pl, p3, pS, p6, p7, p8, p9 and p11 performed in line with the strength of the aesthetic
attributes as expected.
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Table 3. Contemporary lighting design matrix of aesthetic properties

dnde . E
p6 p7 p8 P9

pl0  pll pl2

f1 Shape
andcon- 400 411 376 382 428 379 392 413 39 433 317 374
ception
harmony
f2 Appro-
priate color
3 Fine
workman- 3.61 3.95 3.77 391 421 3.68 4.07 4.13 3.86 425 299 3.86
ship
f4 Func-
tional
5 Interest-
ing 3.13 339 378 351 3.8 349 395 381 391 399 3.13 3.78

326 4.01 3.8 3.63 419 382 409 396 395 416 296 3.7

3.01 323 299 294 374 34 422 336 362 348 29 279

f6 Strong
atmosphere
7 Local
specialties 3.08 3.96 39 388 3.81 3.17 326 39 3.65 379 321 341

329 4.04 373 386 4.06 335 3.66 398 382 401 3.07 3.56

f8 Cultural

. 341 4.13 406 391 402 324 337 373 373 399 3.07 3.5
connotation

2. Among the performance of all attributes of p1, p5, and p10, the attribute f1 (Shape
and conception harmony) is strong. Among them, p10 has the highest score for this
attribute and the highest score among all attribute scores; P2, p3, and p4 have the best
performance of all attributes. Among them, 8 (cultural connotation) attributes are all
strong, among which p2 reflects the highest score of this attribute.

3. pl has the highest score in the f1(Shape and conception harmony) attribute among all
attribute performances and has also become the work with the highest attribute scores
in f2(Appropriate color) and f6(Strong atmosphere); p10 has the highest score in the
f1(Shape and conception harmony) attribute among all attribute performances and
has also become the work with the highest attribute scores in f3(Fine workmanship)
and f5(Interesting) the highest works.

Based on the results of the confusion matrix (see Fig. 2), a cognitive-spatial analysis
of the 12 aesthetic attributes of the viewers in the 12 works was conducted, and the
angle between each aesthetic attribute and the three-way axial diagram of the products
was analyzed in terms of multiple vectors. This is the conclusion drawn from the multi-
directional analysis diagram:
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f7 Local specialties

{8 cultural connotation
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Fig. 2. Multi-dimensional cognitive analysis of Contemporary lighting design

1. f1, f3, f6, f2, and f5 each form a cluster, and these attributes are closely related to

each other.

2. p5 and pl0 have the strongest correlation with f1, f3, and {6, indicating that they
are stronger in attributes such as strong atmosphere, harmonious shape and artistic
conception, and skillful materials, art, and craftsmanship.

. The major attributes of p1, p6, pl1 and p12 have weak significance.

4. The local characteristics of p2, p3 and {7 and the cultural connotation of {8 are more
significant than others.

. p7 has the highest significance among all works with f4 in daily practical attributes.

6. The angle between f4 and f8 is close to 90 degrees, indicating that the correlation

between cultural connotation and daily practicality is the weakest.

w

9,1

5 Conclusion

In today’s world where culture and science and technology emphasize the integrated
development, seeking cultural differences and exploring humanized design are one of
the hot topics in the field of design. Product designers should make good use of cultural
codes to establish potential emotional connections between products and consumers as
imprints [8]. The connection between cultural commodities and cultural codes that are
recognized and accepted by the audience has become something that designers need to
consider when designing products.

This study uses literature analysis to deeply explore the product expression of the
cultural codes of paper lanterns and establishes a cognitive model of cultural commodity
design. By collecting contemporary paper lantern product design samples, and through
designers participating in the design, we create a balance between contemporary and
traditional culture. Artificial intelligence paper lantern products, by collecting cognitive
questionnaires on 12 paper lantern products, based on the relevant attributes of paper
lantern cultural codes, as well as product innovation, aesthetics, audience preference,
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etc., to investigate the cognitive differences between general audiences on both sides of
the Taiwan Strait on their product designs. Finally, through statistical analysis such as
multidimensional analysis, the cognitive differences between general audiences on both
sides of the Taiwan Strait regarding the cultural codes of cultural commodities were
sorted out.

The research results are basically consistent with expectations, with some differ-
ences.

Through this research, it will help promote the design of contemporary traditional
culture and contemporary lamps, promote the charm of traditional culture while real-
izing works that are both functional and aesthetic, provide designers with inspiration
for subsequent innovative design of paper lantern products, and test artificial Wisdom
assists product design and provides substantial help in establishing cognitive models
for artificial intelligence product design. In today’s digital era, artificial intelligence has
become an important force driving innovation and change. Especially in the field of
product design, the empowerment of artificial intelligence allows us to break traditional
boundaries and create smarter and more personalized products. By fusing human intel-
ligence with technological intelligence, we can open new possibilities and redefine the
user experience. Future research will conduct an in-depth analysis of factors such as
gender and age in the study from the perspective of user preferences, as well as research
on the auxiliary role of artificial intelligence in art design and explore how creators can
use artificial intelligence products to better unleash their creativity.
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Abstract. Eyes are basically the most direct way for human beings to understand
the world. Among the visual stimuli we receive, besides the overall outline of the
object, we are also stimulated by the material, and the color and surface treat-
ment accompanying the material will bring us different feelings and stimuli. In
recent years, the globalization of product design has developed rapidly. There-
fore, products designed by different cultures are everywhere in the world. When
a product is sold and displayed in the market, people with different cultural back-
grounds may have different views and feelings on the product. In this era of paying
attention to consumers’ feelings, it is bound to consider the differences in cross-
cultural perception into product design. However, the past literature shows that
there are two different self-construction models between East and West, and self-
construction will affect a person’s cognition, emotion, and motivation. Therefore,
the common “shape” elements in product design have different cognitive differ-
ences between East and West consumers. In addition, we have observed in recent
years the rise of parametric software, which has led to an increasing application of
“shape” elements through the method of “arrangement” in product design. Such
as consumer electronics, vehicles, and sportswear, etc. However, how do design-
ers confirm whether the shape arrangement elements produced when applied to
product design conform to the aesthetic preferences of East and West consumers?
Therefore, this study will explore the visual perception of Eastern consumers on
the application of such products through the design application of “form” and “ar-
rangement of angular and rounded shapes” on the surface of the product. Among
them, we further use eye tracking equipment to assist in examining the physi-
ological information of Eastern consumers and use scientific methods to study
the differences in consumers’ visual perception of product outlines and surface
textures. These studies provide a prospective insight into cross-cultural product
design and provides a reference for designers to apply the “shape” element in
products.

Keywords: Cross-cultural self-construction - Cross-cultural aesthetic
differences - Visual perception - Shape arrangement products - Eye tracking
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1 Introduction

In recent years, the global development of product design has rapidly shifted towards
globalization. This signifies the mutual integration of design philosophies and styles
from different cultures, enabling the same product to be marketed and showcased world-
wide. However, due to consumers with diverse cultural backgrounds, varying percep-
tions and evaluations of the product may arise. Therefore, in this era that emphasizes
consumer experience, considering cross-cultural perceptual differences has become an
indispensable aspect of product design.

The past literature shows that there are two different self-construction models
between Eastern and Western cultures. Eastern cultures emphasize harmony and interde-
pendence with others, hence classified as “interdependent self-construction” and “col-
lectivism”; In contrast, Western cultures exhibit characteristics of “independent self-
construction” and “individualism”, emphasizing individual will and independence from
others [1]. Furthermore, self-construction can affect one’s cognition, emotion, and moti-
vation. For example, past research focusing on trademarks found that collectivist cultures
tend to prefer round outline, as round shape symbolize harmony and closeness; Con-
versely, individualist cultures lean towards angular edges, as angular shape symbolize
a sense of conflict and strength, etc. Therefore, it corresponds to the characteristics of
aesthetic preference in the context of independent self-construction [2].

However, in recent years, the rise of parametric software has led to an increasing
application of “shape” elements through the method of “arrangement” in product design.
This trend is evident in various products such as consumer electronics, transportation
vehicles, sports equipment, etc. (Fig. 1). The emergence of parametric software allows
designers to build upon generative logic. Through a proficient grasp of design concepts
and the clarification of the relationships among relevant parameters, designers can more
swiftly and accurately control the surface details of products, including shape, arrange-
ment, density, compositional rules, and proportions. In general, how to properly use the
parametric design application of “shape arrangement” to make the visual perception of
products more attractive to consumers of different cultures is the subject of this study.

Design of cooling holes Design of seat back
in sportswear ventilation hole

Design of the

sound playback hole Design of vehicle interior decoration

Fig. 1. Application of parametric shape arrangement to surface details of product design.

Therefore, the purpose of this study are: (1) To explore the visual perception dif-
ferences among Eastern consumers regarding the design application of “form” and the
surface “arrangement of angular and rounded shapes” in products; (2) To explore the
physiological information through the eye tracker, and to study the visual perception of



Angular vs. Rounded Perception? 209

Eastern consumers on products arranged in shape with scientific methods; (3) Finally, the
above experimental results will be applied to the shape arrangement design of consumer
electronic products, and through the parametric software Grasshopper in the modeling
software Rhinoceros (abbreviated as Rhino) constructs a set of parameter databases. The
database is placed on a public website, hoping to provide a reference for designers to
apply “shape” elements in products.

2 Literature Review

2.1 The Self-construction of “Individualism” and ““Collectivism”

“Self-construction” is defined as “the relationship between self and others” [3]. The past
literature shows that there are two different self-construction models between East and
West. In Eastern culture, individuals often place themselves within the overall group,
emphasizing collaboration, tolerance, and the needs of the group. This self-construction
model encourages individuals to be more inclined towards harmony and interdepen-
dence, and to establish stable interpersonal relationships in society, thus being described
as “collective self-construction”; In contrast, in Western culture, individuals place greater
emphasis on independence, autonomy, and the pursuit of personal goals. This self-
construction model makes individuals more inclined to express their uniqueness, pursue
personal achievement, and emphasize personal will and independence from others, thus
being described as “individualistic self-construction” [1]. In such a culture, individual
success is often seen as the result of individual abilities and efforts, rather than the collec-
tive efforts of the group. As shown in “Fig. 2”, people with independent are less closely
connected with those around them and belong to “individualistic self-construction”;
while interdependent people are closely connected with those around them, which is
more of a “collectivist self-construction”.

In summary, these two self-construction models reflect different cultural values
regarding the relationship between self and others. Therefore, understanding these cul-
tural differences contributes to fostering cross-cultural communication and understand-
ing, while also reminding us to adapt to and respect diverse value systems in cross-cultural
environments.
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Fig. 2. “Individualistic self-construction” and “Collectivist self-construction”.
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2.2 Aesthetic Preference of ‘“Shape”

“Shape” has a profound impact on people’s perceptions and associations. Different
shapes often convey different messages and associations. For example: Shapes with
sharp edges often give people a symbol of energy, resilience, and strength; while rounded
shapes are often seen as a symbol of harmony, and friendliness, and bring a feeling of
intimacy. Therefore, the choice of shape in design can often affect people’s overall
impression and emotional experience of an object, place, or product.

In addition, self-construction affects a person’s cognition, emotion, and motivation.
For example, when researchers studied trademarks in the past, they found that col-
lectivist culture preferred the “round outline”, while individualistic culture preferred
“angular edges” [2]. In addition, Tzeng, Trung, and Rieber (1990) found that students
in Mexico, Colombia and Japan have different opinions on the same icons and graphics.
For example, Japanese students think that circular graphics are powerful and beautiful,
while Colombian students think they are ugly and weak [4]. In addition, Simonson, and
Schmitt (2009) discussed the building of the “Bank of China Tower in Hong Kong” in
the book “Marketing Aesthetics”, which is composed of typical angular and triangular
elements. They believe that in a culture that values harmony, although this structure
symbolizes the display of authority and power, it also symbolizes conflict, conflict and
bad luck for them [5].

The above theories and cases reflect the cognitive differences of “shape” in different
cultural backgrounds. In individualistic cultures, there is an emphasis on independence,
individual expression, and uniqueness. Therefore, angular shapes may be more likely
to attract attention and be seen as symbols of individuality and strength; conversely, in
collectivistic cultures, there is a focus on group and common harmony. So, the softness
and flow of a round shape may be more popular.

2.3 Overview and Practical Application of ‘“Parametric Design”

The most important feature of parametric design is that it can adjust the parameter
values between features through dynamic control and repeatedly, so that designers can
quickly evaluate the feature parameter rules they set, and process complex parameter
operations by computer, which greatly reduces the time of manual processing. Coupled
with the advancement of today’s digital manufacturing technology, it not only provides
a new design method, but also accelerates the overall design process [6]. In addition,
parametric design enables the presentation of complex structures that were previously
impossible to achieve. By changing some elements of the design into variables of a
function, and by changing the variables of a function, or by changing the algorithm to
generate new design elements, in addition to enabling the product to display a varied and
rich aesthetic feeling, it also promotes the visual presentation effect of the product to be
more diversified and can meet the personalized needs of consumers. The most important
thing is to make the design very rational [7].

As shown in “Fig. 3” we use the parametric software “Grasshopper” to conduct a
demonstration. By adjusting different parameters, we can accurately control the appear-
ance, hole shape and density of the air cleaner, so that the same product can produce
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hundreds of thousands of possibilities at the same time. And our subsequent experi-
mental samples and research outputs will also be constructed and produced using this
parameterized software (Grasshopper).

Parametric Design Process

Circular Square Triangular Loose Moderate Compact

Cylinder Square Column  Triangular Prism

Changes in the appearance of the cleaner Changes in the shape of the cleaner holes Variation of cleaner hole density

Fig. 3. Parametric software (Grasshopper) applied to air cleaner design.

2.4 Overview of “Eye-Tracker”

Eye-tracker will be used as an auxiliary tool for visual perception measurement in the
experimental phase of this study. As a visual observation tool, the eye tracker can detect
the subject’s pupils through infrared rays and transmit the subject’s eye movement data
back to the eye tracking instrument for subsequent analysis. However, there are mainly
four types of physiological phenomena related to eye movements, namely (1) “Fixa-
tions”, also known as gaze, which refers to continuous gaze in an area for more than
60 ms, usually observing things; (2) “Saccades” refers to the short and fast movement
trajectory of the eyeball between gaze points; (3) “Smooth pursuits” refers to the eye-
ball looking at moving objects in the picture and keeping the image on the retina still;
(4) “Miniature eye movements” refer to phenomena such as drift, tremor, and micro
saccades [8, 9].

In addition, there are some common definitions of terms used when analyzing data
with eye trackers, namely (1) “Area of interest”, which refers to the designated area used
to count eye movement behaviors, generally referred to as “AOI”’; (2) “Visit” refers to the
time when the eye focus enters a certain area and leaves this area, which is regarded as
a visit; (3) “Fixation Point” refers to the time when the eye focus is at a certain position.
The dwell time is 60 to 600 ms, recorded as a point of fixation [8, 9]. Analyzing the eye-
tracking data mentioned above assists in understanding what visual content attracts the
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attention of consumers or participants. It also helps identify which visual elements may
distract consumers’ attention or what content fails to engage consumers in interaction
[9].

Furthermore, eye-tracking data analysis can be visually presented, as shown in
“Fig. 47, depicting the “heat maps” measured through eye-tracking for product design.
The heat maps illustrate the distribution of participants’ gaze on the product, with red
areas indicating the gaze hotspots.

Fig. 4. “Heat maps” of eye trackers in product design.

3 Method

Previous cross-cultural research has shown that different cultural self-constructions will
produce differences in aesthetic preferences between angular and round shapes [3].
The differences in visual perceptions and feelings of consumers with different cul-
tural backgrounds will also affect whether a product is loved by others. Therefore, this
experiment will use 3D software (Rhinoceros) to build a series of products and use para-
metric software (Grasshopper) to build the design application of “round and angular
shape arrangements” on the product surface. The study aims to investigate the visual
perception differences among Eastern consumers regarding this type of product appli-
cation. Additionally, we will employ eye tracking equipment (Tobii pro nano) to further
examine physiological aspects of information, scientifically studying consumers’ visual
perception differences regarding product outlines and surface textures.

3.1 Participants

In the experiment, a total of 7 participants with Eastern cultural backgrounds participated
(4 males and 3 females), with an age range between 20 and 30 years old.
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3.2 Procedure

Select Product Experiment Sample Type. In the first part of this experiment proce-
dure, we found three experts in the field of industrial design and asked them to extensively
collect products available in the market. Finally, the collected products were divided into
six groups of different product types through the KJ method. As shown in “Fig. 5, each
group of product types has two products of the same type. These two products are iden-
tical in terms of functions, uses, and usage scenarios. The only difference is “outline
style of the overall appearance of the product.” As shown in “Fig. 5, items labeled A-1,
B-1, C-1, D-1, E-1, and F-1 exhibit a presentation of “rounded and soft product outline
styles.” Conversely, items labeled A-2, B-2, C-2, D-2, E-2, and F-2 showcase “sharp
and angular product outline styles.”

Group 1 (Mouse)

Group 4 (Video Camera)
A2

D-1 D-2
Group 2 (Headphone) Group 5 (Computer Host)

Group 3 (Power Bank)

\ | é .
B-1 B-2 E-1

: E-2
Group 6 (Bluetooth Speaker)

c-2 F-1 i F-2

Fig. 5. Product experiment sample selection and classification chart.

Constructing a 3D Appearance Model of Product Experimental Samples. In the
second part of this experiment procedure, we used 3D modeling software (Rhinoceros)
to construct a 3D appearance model of the product. When constructing a 3D appearance
model, the visual impact of brand, color and material will be removed. As shown in
“Fig. 67, product samples of the six groups have been construct as 3D models.
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Group 1 (Mouse) Group 4 (Video Camera)

A1 : A2 D-1 : D-2

Group 2 (Headphone) Group 5 (Computer Host)

@ b [0

B-1 ' B-2 E-1 : E-2
Group 3 (Power Bank) Group 6 (Bluetooth Speaker)
B

=

w —

c-1 1 c-2 F-1 : F-2

Fig. 6. Classification chart of 3D appearance model for product experimental samples.

Constructing the Surface ‘“Angular and Round Shape Arrangement” Texture
of the Product Experimental Samples. In the third part of this experiment procedure,
we used parametric software (Grasshopper) to create a design application of the product
surface with “arrangement of angular and round shapes.” The process of constructing the
parameter structure is illustrated in “Fig. 7.” Through the parameter structure established
in this part, we can easily control the shape arrangement type of the product surface,
such as: shape, arrangement, density, composition rules and proportions, etc. Finally,
we combined the “product 3D model” in the second part with the “shape arrangement
texture” in the third part to become the final product sample of this experiment, as shown
in “Fig. 8.”

Classification of Product Experimental Samples. In the fourth part of the experi-
mental procedure, we classified the constructed product samples mentioned above and
organized them into “Fig. 9.” As shown in “Fig. 97, each set of product samples has a
surface texture of “arrangement of circular and angular shapes,” resulting in a total of
24 experimental product samples.
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Fig. 7. Construction process diagram of parameter structure.

Product appearance
3D model

3D modeling software (Rhinoceros)

Final product
experimental sample

Q-

Shape arrangement

texture

Parametric software (Grasshopper)

Fig. 8. Final product experimental sample.

Making Experimental Samples for Eye Trackers. In the fifth part of the experimental
procedure, we use the product sample in “Fig. 9” as material to make it into a visual
sample in the eye tracker experiment. In addition, we also listed a series of questions
about visual perception and used them to ask participants’ feelings when performing
eye movement experiments, such as.

1. How would you evaluate the visual appearance of this product?
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Fig. 9. Overview of product experimental samples.

2. How does the arrangement of the unit shape on the surface fit into the overall product
appearance?

3. In terms of the arrangement of the unit shape on the surface, which product visually
attracts you? (Product A or Product B)

4. In terms of the overall visual perception of harmony, please evaluate Product A and
Product B.

5. In terms of the overall visual perception of contrast, please evaluate Product A and
Product B.

6. In terms of the overall visual preference, please evaluate Product A and Product B.

However, to make the overall process of the eye movement experiment smoother, we
integrated the above-mentioned issues about visual perception into the visual samples
of the eye movement experiment (as shown in “Fig. 10”). This allows us to conduct eye-
tracking physiological experiments while also asking participants about their feelings
about the product.

Eye Tracker Instrument. The eye-tracking instrument selected was “Tobii Pro Nano”,
which is a screen-based eye tracker that can capture 60 Hz gaze data. This instrument
can be attached to the bottom of the computer screen and is mainly used to observe the
movement of sight on the computer screen (as shown in Fig. 11).

Experimental Space Setup. The space for conducting the eye-tracking experiment is
a research room of approximately 10 square meters. The setup in the room includes two
tables, each equipped with a display screen. One screen is for the experimenter’s opera-
tion, and the other screen is for the participant to engage in the eye-tracking experiment
(as shown in Fig. 12).
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Fig. 10. Schematic diagram of experimental sample of eye tracker.

The projectors The cameras.
create a pattern of take high-frame-rate
near-infrared light images of the user's

An eye tracker consists of on the eyes. eyes and the patterns.
cameras, projectors and R
algorithms.

The image processing
algorithms find specific
details in the user’s eyes and
reflections pattens.

Based on these details,
mathematical algorithms calculate
the eyes' position and gaze point,
for instance on a computer monitor.

Fig. 11. Schematic diagram of eye tracker technology.

3.3 Measurement

The measurement was divided into two parts: eye-tracking and questionnaire survey.
Eye-tracking data indicates the time participants spent observing the product samples in
milliseconds (ms). This study applied three eye-tracking metrics: Area of Interest (AOI),
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Experimental Screen for conducting The screen operated by
participants eye tracking experiments the experimenter

Fig. 12. Experimental space setup.

Time to First Fixation (TTFF), and First Fixation Duration (FFD). After collecting the
eye-tracking data, independent sample ¢-test were conducted based on the characteristics
to observe differences in participants’ attention time to the product samples and make
comparisons.

In addition, we designed a series of questionnaires integrated with the eye-tracking
experimental samples (as shown in Fig. 10) for participants to answer simultaneously
with the eye-tracking experiment. Psychological questions include “Adaptability of prod-
uct texture,” “Harmony of product texture,” “Preference for product texture,” etc. Partici-
pants responded to these questions using a 7-point Likert scale, where 0 indicates strongly
disagree, and 7 indicates strongly agree. Finally, quantitative analysis was conducted
using independent sample #-test.

4 Result

This study was divided into two aspects: physiological (eye-tracking) and psychological
(questionnaire), primarily aiming to explore the impact of the relationship between
product outline and surface texture on Eastern cultural consumers. In the eye-tracking
experiment, there were 7 participants (4 males, 3 females), each observing 12 products
(as shown in Fig. 9) and providing verbal responses based on the questions displayed on
the screen. Each participant collected eye-tracking data for 12 sets, resulting in a total
of 84 sets of eye-tracking data in the experiment.



Angular vs. Rounded Perception? 219

4.1 Physiological Response (Eye-Tracking)

Attraction and Attention on “Products with a round arrangement texture” vs.
“Products with an angular arrangement texture.” Firstly, an independent samples
t-test was conducted using the “Time to First Fixation (TTFF)” and “First Fixation Dura-
tion (FFD)” data obtained through eye-tracking, to compare the attention differences
among Eastern participants towards products featuring “round arrangement texture”
and “angular arrangement texture.” Table 1 presents the experimental results. There
was a significant difference in “Time to First Fixation (TTFF)” between products with
a round arrangement texture (M = 0.419, SD = 0.259) and products with an angular
arrangement texture (M = 1.067, SD = 0.802); t (166) = —7.052, p < 0.001. This indi-
cates that Eastern participants, when simultaneously viewing products with “round” and
“angular” arrangement textures, were more rapidly drawn to visually attend to products
with a “round” arrangement texture. Additionally, there was a significant difference in
“First Fixation Duration (FFD)” between products with a round arrangement texture (M
= 0.349, SD = 0.325) and products with an angular arrangement texture (M = 0.228,
SD = 0.099); t (166) = 3.259, p < 0.03. This indicates that Eastern participants, when
fixating on products with a “round” arrangement texture, exhibit a longer duration of fix-
ation compared to products with an “angular” arrangement texture, suggesting a higher
level of visual attention.

Table 1. The independent sample #-test of TTFF and FFD on product.

Variable n. M SD df t p
Time to first | Round 84 0419 0259 166 | -7.052 | .000
fixation (TTFF) | Anoylar 184 | 1.067 | 0.802
First fixation | Round 84 0349 0325 166 | 3.259 .003
duration (FFD) | Apoylar 184 0228 | 0.099

Furthermore, we compared the attractiveness of products featuring a “round arrange-
ment texture” and those featuring an “angular arrangement texture.” Farnsworth (2022)
suggests that higher FFD and shorter TTFF can identify participants’ higher attraction
to the object [10]. As depicted in “Fig. 13,” the time spent on products with a “round
arrangement texture” was shorter than that on products with an “angular arrangement
texture” (0.419 < 1.067 ms). This indicates that Eastern participants fixated on prod-
ucts with a “round arrangement texture” more quickly and spent more time gazing at
those products (0.349 > 0.228 ms). Therefore, compared to products with an “angular
arrangement texture,” products with a “round arrangement texture” exhibit higher visual
attractiveness for Eastern participants.
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Fig. 13. Attraction comparison on product.

4.2 Psychological Response (Questionnaire)

The Overall Psychological Impact of Shape Arrangement Textures. As shown in
Table 2, the results indicate that “products with round arrangement textures” have a
positive impact on the psychology of Eastern participants. Firstly, there is a significant
difference in product preferences between conditions with products featuring round
arrangement textures (M = 5.40, SD = 1.131) and those with angular arrangement
textures (M = 4.02, SD = 1.397); t (159.132) = 7.041, p < 0.00. This suggests that
“products with round arrangement textures” have a positive influence on the preference
level of Eastern participants. Second, there is a significant difference in product adaptabil-
ity between conditions with products featuring round arrangement textures (M = 4.96,
SD = 1.468) and those with angular arrangement textures (M = 3.81, SD = 1.525); t
(165.763) = 5.000, p < 0.00. This indicates that, compared to products with angular
arrangement textures, Eastern participants perceive products with round arrangement
textures to have higher visual adaptability. Finally, there is a significant difference in
the visual harmony between products featuring round arrangement textures (M = 5.97,
SD = 1.226) and those with angular arrangement textures (M = 3.79, SD = 1.537);
t (166) = 8.769, p < 0.00. This suggests that, in comparison to products with angular
arrangement textures, Eastern participants believe that products with round arrangement
textures have higher visual and aesthetic harmony.
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Table 2. The independent sample 7-test of psychological feelings on product.

Variable n. M SD df t p

Adaptability Round 84 4.96 1.468 165.763 5.000 .000
Angular 84 3.81 1.525

Harmony Round 84 5.67 1.226 166 8.769 .000
Angular 84 3.79 1.537

Preference Round 84 5.40 1.131 159.132 7.041 .000
Angular 84 4.02 1.397

5 Conclusion and Discussion

In the past, numerous studies have explored the aesthetic preferences between culture
and shapes. Our research not only revisits the cultural construction of aesthetic prefer-
ences for angular and round forms but also examines the impact of the arrangement of
angular and round textures in products on the visual perception differences and aesthetic
preferences in the self-construction of Eastern culture (collectivist self-construction).
Firstly, by examining eye-tracking data, the results indicate significant differences. East-
ern participants, when simultaneously viewing products with both “round” and “angu-
lar” arrangements, exhibit a faster attraction of visual attention to products with “round”
arrangements and a longer gaze duration, signifying higher visual attention. Secondly,
through a questionnaire experiment, significant differences are observed at the psy-
chological level among Eastern participants. From an aesthetic preference perspective,
Eastern participants generally prefer incorporating round textures in products compared
to angular arrangements. From the perspective of adaptability and harmony, Eastern
participants also commonly perceive the inclusion of round textures in products as more
suitable, providing an overall more harmonious visual feeling.

In summary, shapes have an impact on the visual perception of self-construction in
different cultures. While this study focused on participants with an Eastern cultural back-
ground, we have gained insights into the visual differences in physiological attraction
and psychological preferences for angular and circular arrangements. This research pro-
vides a new perspective for global product designers. In addition to addressing the design
aspects of appearance and functionality, careful consideration of shape and arrangement
elements on the product surface is crucial to enhance the attention and preference of
consumers from diverse cultural backgrounds. This study offers valuable inspiration
for product designers worldwide, encouraging them to be more mindful of the visual
elements that contribute to the overall appeal of a product.

Finally, this study consolidates the parameter framework developed during the exper-
imental process and constructs a comprehensive parameter database using parametric
software Grasshopper within Rhino (short for Rhinoceros), as illustrated in “Fig. 14.”
This database can be applied to the design of shape arrangements on the surface blocks
of various products, such as texture design on headphone surfaces, ventilation hole
patterns on computer casings, and arrangement designs for sound-emitting holes on



222 T.-P. Chiu and S.-W. Chen

speakers (as shown in Fig. 14). We have made this database accessible on a public
website (URL: https://drive.google.com/drive/u/0/folders/16DFITI2Egkc1C1wuOCZe
7fSO7L-mI-t5), with the hope of providing designers with a reference for incorporat-
ing “shape” elements into product design. Additionally, our future research endeavors
will extend to more cross-cultural studies on shape arrangements, aiming to contribute
valuable insights and data to design practices.

Parametric Database of Shape Arrangement Products

04 05 06

Arrangement direction Gradient range Gradient size of
of shape arrangement of shape arrangement shape arrangement

02

Density of Unit shape pattem
shape arrangement for shape amangement

Control of shape
arrangement elements

\/
Texture Design The heat dissipation holes The sound holes
on Headphone Surface of the computer host of the speaker

Fig. 14. Parametric database of shape arrangement products.
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Abstract. With the increasing national self-confidence in China and advance-
ments in artificial intelligence technology, there is a growing emphasis on the
country’s unique culture and consumer emotions. This study aims to investigate
the relationship between the form attributes of Ming-style chairs and the con-
sumption emotions of Generation Y. A total of 198 GenY consumers aged 2342
participated in the study, providing evaluations of representative Ming-style chair
samples using a semantic differential 5-point scale across six groups of Kansei
words. The relationship between the shape of Ming-style chairs and consumer
emotions was explored using multiple linear regression analysis in SPSS26 to
establish innovative design principles for these chairs. The findings reveal a direct
correlation between the form attributes of Ming-style chairs and the emotions
of Generation Y consumers. Specifically, the Danao section, armrest panel sur-
face, and stretcher style of Ming-style chairs factors significantly influenced the
“Simplicity,” “Sturdiness,” and “Style Spectrum” of consumers’ emotions. Con-
sequently, developing new chair forms should be guided by consumer emotions
and based on Ming-style chair form merits to meet their needs.

Keywords: Ming-style Chair - GenY Emotion - Kansei Engineering - China

1 Introduction

With Chinese national self-confidence growing, greater attention will be paid to their
unique culture [1], which provides an opportunity for Ming-style chairs. Ming-style
furniture (MF), as a representative artistic style, serves as a portrayal of a country,
offering a glimpse into a facet of its cultural identity. It mirrors the artistic preferences
of a nation [2] Ming-style chairs (MC) are the concentrated embodiment of Ming-style
furniture culture [3] and are often presented by their visual shapes consumers at first
sight [4].

In recent years, artificial intelligence has developed rapidly, and understanding con-
sumers’ emotions and emotions has become a top duty and task [5] products with product
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experience, emotion, and social value have become more attractive to consumers [6].
Among them, GenY (millennial) consumers show strong shopping patterns, and their
greater motivation is to focus on the emotional recognition of brands [7] and a sense of
participation [8]. IFirst, many studies only study the MF itself and do not touch on the
current consumer lifestyle, resulting in design strategies that cannot adapt to changing
needs. Niu & Zhao [9] clarified the key principles of the relevant forms and spatial
aspects of Ming-style furniture but lacked a comprehensive understanding of how these
principles align with the preferences and lifestyles of younger consumers. Yu [10] also
highlighted that the consumption of furniture products has evolved from solely fulfilling
functional needs to encompass cultural and emotional preferences as well. Second, the
exploration of Ming-style chairs in Kansei Engineering (KE) is still in its preliminary
stages, most of the research focused on semiotics and literature analysis, but lacked
strong objective quantitative data, resulting in subjective narratives [11-13] Therefore,
this study wants to answer the following two research questions (RQ): RQ1: What are
the emotional demands of GenY consumers regarding innovation in Ming-style chairs?
RQ2: What are the relationships between the form attributes of Ming-style chairs and
GenY emotion by KE?

The study was conducted to explore new designs for Ming-style chairs that would
appeal to GenY consumers’ emotions, particularly by using the semantic difference
method to understand their Kansei needs. The significance of the study lies in its ability
to provide detailed insights into the design of Ming-style chairs that balance traditional
elements with contemporary preferences, while also enhancing the overall consumer
experience with innovative designs.

2 Literature Review

2.1 The Concept of Kansei Engineering

“Kansei” is a branch of cognitive science, originally developed as a philosophical term.
The term “Kansei” was first used by Japanese philosopher Nishi Amane [14]. In the
psychological definition, Kansei refers to the state of mind where knowledge, emotion,
and passion are harmonized; “people with rich Kansei” are full of emotion and passion,
and able to react adaptively and sensitively to anything [15]. Moreover, at the beginning
of the 1970s, the concept of Kansei Engineering (KE) was introduced in Japan [16, 17],
KE is a technology that focuses on the consumer for product development, based on
the principles of ergonomics, which uses advanced computer technology to translate
the consumer’s emotions about the product into design elements. The process aims to
connect the explicit design parameters with the implicit customer psychology [18]. KE
was classified into 6 categories [19] and category classification (Typel) is used in this
study—Identifying the design elements of the product to be developed, translated from
consumer ‘s emotions.

2.2 Generation Y Consumers in China

In China, the population of Generation Y is 315 million (RMB), with a consumption
scale reaching 6.68 trillion (RMB) [20]. Due to their potential spending power, trendset-
ting abilities, and adoption of new products, Millennials have distinct decision patterns



226 T. Gao et al.

and emphasize emotional factors, and social influence [21]. However, some consumers
with ethnocentric tendencies exhibit stronger intentions to purchase domestic products
in the emotional, cognitive and behavioral dimensions compared to foreign products
[22]. Generation Y is also increasingly inclined towards design innovation to achieve
integration with modern living spaces and aesthetics and inherit Eastern literati aesthetics
[23].

2.3 Consumer Emotion

Consumer research has demonstrated that emotions play an important role in decision-
making [24] prompting marketers to strategically target consumers’ emotions which are
the specific emotional responses elicited during product usage or consumption experi-
ences [25]. In consumer behavior, emotions are not a straightforward, easily observable
phenomenon [26]. Emotions shape behaviors and perceptions, emotional variables con-
tribute most significantly to the establishment of dedicated and close customer relation-
ships and are significant in distinguishing relationship types within the consumer market
[27].

2.4 The Form Attributes of Ming-Style Chair

The exploration of Ming-style furniture intricately weaves considerations of form, spa-
tial aesthetics, and cultural influences. The study [28] begins with a meticulous analysis
of the impact of form and space, examining the visual dynamics in both two and three-
dimensional spaces and evaluating the position, form, composition, and distance of
each furniture element. The integration of Gestalt psychology establishes a connection
between furniture and the viewer’s emotions influenced by spatial relationships. This
connection is a key element in understanding the profound impact of Ming-style furni-
ture on its observers, as it is not merely a utilitarian object but an artistic expression that
engages the viewer on a psychological level. Niu [29] further explores how the frame
design of Ming-style chairs, as mentioned, influences the perception and associations of
viewers, enhancing the overall aesthetic experience. Simultaneously, some researchers
[29-32] explore the interdependence of curves 